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Determining the Basis for a Taxonomy of Mechanical Ventilation
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BACKGROUND: Mechanical ventilation technology has evolved rapidly over the last 30 years. One
consequence is the creation of an unmanageable number of names to describe modes of ventilation. The
proliferation of names makes education of end users difficult, potentially compromising the quality of
patient care. OBJECTIVE: To determine if stakeholders are familiar enough with published constructs
related to modes of mechanical ventilation to form a basis for a consensus, by surveying the medical,
education, and business communities. The hypotheses tested were: there is concordance (> 50%) on
10 basic constructs related to modes; concordance with the basic constructs varies among stakeholders
according to professional training and professional activity; and concordance varies among the set of
constructs. METHODS: The survey was distributed through an Internet-based tool to 2,994 physicians,
respiratory therapists, nurses, engineers, and others involved with mechanical ventilation. Hypotheses
were tested with chi-square, with P < .05 considered significant. RESULTS: The response rate was
15%. Respondents were 55% respiratory therapists, 35% physicians, 3% nurses, 1% engineers, and 5%
other professionals. There was an 82% concordance with the 10 constructs (P < .001). Respiratory
therapists showed the highest degree of concordance (84%) and “‘other profession” showed the lowest
(79%) (P = .006). No significant difference (P = .07) in concordance was observed when data were
grouped by professional activity. Concordance differed significantly among the survey questions
(P < .001). CONCLUSIONS: Survey results indicate that respondents were either familiar with or
amenable to the previously published literature that the survey constructs represented. The degree of
familiarity and concordance with these constructs represents a sufficient basis for attempting to for-
malize a taxonomy. Further analysis of the pattern of concordance among the constructs will inform
future educational and consensus building efforts. Key words: modes of ventilation, classification; venti-
lator; ontology; survey, standardized nomenclature. [Respir Care 2012;57(4):514-524. © 2012 Daedalus

Enterprises]

Introduction

In the profession of respiratory care, the most important
knowledge and skills center on the assessment and man-
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agement of life support. These cognitive and psychomotor
skills are extensive and involve interventions ranging from
cardiopulmonary resuscitation to mechanical ventilation
management. In particular, initiating and managing me-
chanical ventilation is a skill that is not integrated into the
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medical school curriculum (at least in the United States).
Therefore, medical students and physicians learn on the
job, primarily from their respiratory therapy colleagues.
Conversely, respiratory therapists have to undergo formal
didactic and clinical training in mechanical ventilation.!
National credentialing examinations? and state licensure
agencies (eg, http://respiratorycare.ohio.gov) assess a re-
spiratory therapist’s competency in employing ventilatory
strategies to achieve adequate support, evaluate the pa-
tient’s response to therapy, and recommend changes to or
independently modify the respiratory plan of care.

SEE THE RELATED EDITORIAL ON PAGE 653

Like many other professions, respiratory care has expe-
rienced a remarkable increase in technological complexity
in the last 30 years. Unfortunately, systems of formal ed-
ucation have not evolved rapidly enough to keep pace,
particularly in the area of mechanical ventilation. A me-
chanical ventilator is an automatic machine designed to
replace some or all of the work the body must produce to
move air into and out of the lungs.? In the most general
terms, a “mode of ventilation” is a predetermined pattern
of interaction between the ventilator and the patient. Thirty
years ago, the average mechanical ventilator offered 2 or
3 mode selections. Today, state-of-the-art mechanical ven-
tilators offer about 2 dozen unique modes, some of which
even employ computerized artificial intelligence. In the
course of one human generation, mechanical ventilators
have evolved perhaps 5 generations. What has not evolved
is a standardized classification system, or taxonomy, suf-
ficient to describe this technological complexity. On the
contrary, manufacturers have exacerbated the problem by
coining a plethora of names for modes, in an effort to
create product differential and increase sales.

As a result of not having a formal taxonomy, 4 major
problems accrue:

¢ Published studies of mechanical ventilation are hard to
compare, and thus appropriate evidence for clinical prac-
tice is difficult to assemble and describe.

e There is little consistency among educational programs
regarding nomenclature and descriptions of how venti-
lators work.

* Clinicians practicing in institutions with mechanical ven-
tilators supplied by several different manufacturers (a
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QUICK LOOK

Current knowledge

Terminology to describe the modes of mechanical ven-
tilation is inconsistent, leading to difficulty in commu-
nication and incomplete understanding of function by
practitioners. Both consequences may reduce patient
safety.

What this paper contributes to our knowledge

A formal taxonomy for mechanical ventilation is desir-
able and possible, based on the knowledge of the re-
spiratory care community. Establishment of a formal
taxonomy could reduce medical errors.

very common situation) do not have the time or educa-
tional resources to receive adequate training and expe-
rience with all modes on all ventilators, making optimal
ventilator management unattainable.

e Manufacturers can no longer easily communicate with
prospective clients regarding the detailed operation of
their products in relation to competitive devices, thus
limiting the effectiveness of both sales and training,
which, in turn, exacerbates the other problems.

The lack of a taxonomy is not due to a lack of a peer
reviewed foundation for one. Indeed, several papers and
book chapters have been available for years, and some of
it has been incorporated into the mainstream textbooks
used by respiratory therapy educational programs. A re-
cent paper summarizes the basic constructs and the outline
of a taxonomy based on these previous publications.* The
online supplemental text (at http://www.rcjournal.com)
provides a detailed review of these resources.

The purpose of this study was to determine if stake-
holders are familiar enough with published constructs
related to modes of mechanical ventilation to form a
basis for a consensus, by surveying the medical, edu-
cation, and business communities. Specifically, we
sought to measure agreement on the part of the health-
care community (ie, including thought leaders in med-
icine, education, and business) with 10 fundamental con-
structs that could potentially form the basis of a ventilator
mode taxonomy. Hereafter, “agreement” will be referred
to as concordance, for reasons that will be explained in
the Methods section. These constructs are derived from
previous published works on mode classification in ma-
jor textbooks and peer reviewed medical journals (see
online supplemental text). The results of this study may
inform future efforts to establish an international stan-
dard.
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The specific hypotheses tested were as follows.

* Among thought leaders in healthcare, there is sufficient
concordance on 10 fundamental constructs related to
mechanical ventilation modes to form the basis for a
formal taxonomy. “Sufficient” in this context will be an
average concordance across constructs of > 50%. The
value of 50% was chosen as representing equipoise re-
garding the constructs.

e Concordance with the basic constructs will vary among
stakeholders, according to their professional training and
professional activity.

e The degree of concordance will vary among the set of
constructs describing modes of mechanical ventilation.

Methods
Study Design

This study was designed as a survey of stakeholders in
a taxonomy of mechanical ventilation. The survey was
based on 10 fundamental constructs (see the survey instru-
ment in the supplemental text) derived from previous pub-
lished works, as noted in the Discussion. Briefly, the con-
structs were as follows

¢ Definition of a breath
¢ Definition of an assisted breath

¢ Definitions of pressure control (PC) and volume control
(VO)

* Definitions of trigger and cycle (ie, starting and stopping
inspiration)

e Machine versus patient triggering and cycling
 Definition of spontaneous versus mandatory breaths

e Breath sequences: continuous mandatory ventilation
(CMV), intermittent mandatory ventilation (IMV), and
continuous spontaneous ventilation (CSV)

¢ Ventilatory patterns defined as control variable and breath
sequence combinations, like VC-CMV or PC-IMV

¢ Adding detail to ventilatory patterns using targeting (ie,
feedback control) schemes

e Using the above constructs to define “mode”

There were 10 questions for the 10 constructs; one ques-
tion regarding the goal of a mode taxonomy; 3 questions
regarding professional training, activity, and years of ex-
perience; and a final item for free-text comments.

The survey was based on the assumption that astute
readers of the relevant literature have already formed men-
tal concepts similar to these constructs. Thus, such people
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would be likely to agree with the constructs when they
were formulated as specific, concise statements.

Population

A sample of healthcare professionals from around the
world was surveyed, with representation from the medical,
education, and business communities. We selected the sam-
ple from our personal contacts, and other sources as fol-
lows. Educators were identified from published lists of
respiratory therapy program directors, such as that pro-
vided by the Committee on Accreditation for Respiratory
Care. Clinician thought leaders were selected from pub-
lished papers on mechanical ventilation in peer reviewed
medical journals and from among the authors of textbooks
on mechanical ventilation. Authors of published papers
were identified using a PubMed search on the key words
“mechanical ventilation” encompassing a period of 5 years
from 2004 to 2009. Business leaders were selected from
among our professional contacts in the ventilator manu-
facturing industry, and included engineers, clinical spe-
cialists, and marketing managers.

Inclusion Criteria

The following criteria were used in selecting the study
population.

* Professional training as a physician, respiratory thera-
pist, nurse, engineer, or other medical professional, and
familiarity with the topic of mechanical ventilation

* Recognized thought leader, as determined by contribu-
tions to the published literature (clinicians), directing or
instructing in a respiratory care program (educators), or
designing ventilators or marketing materials (business
leaders)

Exclusion Criteria

No exclusion criteria were imposed after selecting for
the inclusion criteria. E-mails that were returned as “un-
deliverable” were of course not included.

Survey Instrument

The survey instrument was validated by a pilot study.
This pilot study was conducted with a sample of volunteer
respondents obtained from respiratory therapist members
of the American Association for Respiratory Care educa-
tional specialty section electronic mailing list. The survey
was returned by 8 respondents. The concordance with in-
dividual constructs ranged from 37.5% to 100%. The over-
all concordance was 84%. The results of this pilot study
were presented as a poster at the 2009 International Re-
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Ideal Response
Agree Disagree

A B
Agree| 5430 172
Survey
Response c 5
Disagree |  gg5 1,123

Fig. 1. Matrix used to calculate the kappa statistic. A = sum of
concordant responses for positively worded survey questions 1, 3,
6, 7, 9 and 10. B = sum of discordant responses for negatively
worded survey questions 4, 5, and 8. C = sum of discordant
responses for questions 1-3, 6, 7, 9, and 10. D = sum of concor-
dant responses for questions 4, 5, and 8. The numbers below the
letters represent number of responses.

spiratory Congress in San Antonio, Texas, and published
in abstract form in the November issue of RESPIRATORY
CAaRrE.> The encouraging results of this pilot study prompted
the survey of a larger sample of stakeholders.

The final survey, incorporating slight changes in word-
ing suggested by the pilot study, comprised 15 questions,
10 of which related to the constructs framed such that the
respondent could respond on a 5 point scale from “‘strongly
agree” to “strongly disagree” (see survey instrument in
online supplemental text. The “correct” answers are indi-
cated in bold.). The meaning of correct, in this case, is that
the respondent agrees with a statement that supports a
construct (or disagrees with a statement that negates a
construct) derived from published papers and chapters on
mode classification. Questions were designed so that the
“correct” answers include both “strongly agree” and
“strongly disagree” answers, in order to allow calculation
of a kappa statistic. (Using only “strongly agree” answers
would not allow the creation of a 2 X 2 matrix to calculate
the statistic, as shown in Fig. 1).

One additional question was designed to distinguish
whether the primary goal of a taxonomy for mechanical
ventilation is to serve clinicians or business. Three more
questions were designed to help stratify results according
to respondent training and primary professional activity
(ie, patient care, education, or business). These data may
prove helpful in designing and disseminating subsequent
educational materials.

Participants were recruited through e-mail. Informed
consent was implied and incorporated in the introduction
to the survey (see survey instrument in online supplemen-
tal text). The survey was administered using the Internet
service SurveyMonkey.com. The survey was reviewed by
the institutional review board at Youngstown State Uni-
versity, and the research proposal was granted exempt
status.

Invitations to participate in the survey were e-mailed
internationally, to 385 educators, 112 authors of ventila-
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tion articles, 160 manufacturers’ representatives, and 2,337
other people identified as respiratory therapists having in-
volvement with mechanical ventilation. A total of 2,994
survey invitations were sent worldwide.

Outcome Measures

The survey was worded such that the respondents were
asked whether they agreed or disagreed with 10 theoretical
constructs. Because acceptance of the underlying construct
of a given question could be represented either as “agree”
or “disagree,” depending on the wording of the question,
the primary outcome measure was defined as average con-
cordance of survey respondents. A secondary outcome
was calculation of the kappa statistic to quantify the over-
all concordance.

Data Analysis

There were 5 possible responses (ie, an ordinal scale
from strongly disagree to strongly agree). Responses to the
questions were counted as concordant if they supported
the underlying construct. For example, question 2 stated
that an assisted breath is one for which the ventilator does
work on the patient. All the “strongly agree” and “agree”
responses to this question were counted as concordant re-
sponses, while all the “neutral,” “disagree,” and “strongly
disagree” responses were counted as discordant.

Questions 4, 5, and 8 were worded such that disagree-
ment supported the underlying construct, and thus responses
of “disagree” and “strongly disagree” were counted as
concordant. For example, question 5 was “Knowing what
actions start (trigger) and stop (cycle) inspiration has little
clinical importance.” The underlying construct is that trig-
ger and cycle actions do have clinical importance. There-
fore, all responses of “disagree” and “strongly disagree”
were counted as concordant, while responses of “neutral,”
“agree,” and “strongly agree” were counted as discordant
for this item. Concordance for the set of 10 questions was
calculated as the sum of the concordant responses divided
by the total number of responses (ie, the percent of re-
sponses that supported or agreed with the underlying con-
structs).

Hypothesis 1. To test the hypothesis that sufficient con-
cordance exists to establish a consensus, the overall con-
cordance percentage was compared to the arbitrary value
of 50% using a chi-square test.

Hypothesis 2. To test the hypotheses that concordance
varies among stakeholders stratified by profession and pro-
fessional activity, percent concordances were compared
using chi-square tests.
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Table 1.  Qualitative Ranking of the Degree of Agreement Based on

the Kappa Statistic

Kappa Value Agreement
-1t00 Poor

0to 0.2 Slight

0.2 to 0.4 Moderate

0.6 to 0.8 Substantial
0.8 to 1.0 Almost perfect
1.0 Perfect

Table 2.  Professional Training

no. (%)
Respiratory therapist 239 (55.3)
Physician 153 (35.4)
Any other professional group 23 (5.3)
Nurse 11 (2.5)
Engineer 6(1.4)

Hypothesis 3. To test the hypothesis that concordance
differs among constructs, percent concordance was com-
pared using a chi-square test.

For all hypotheses tests, differences associated with
P values < .05 were considered significant. Qualitative
ranking of the degree of agreement based on the kappa
statistic was done using the system of Landis and Koch,®
as described by Feinstein,” as shown in Table 1.

Results
Description of Subjects

Of the 2,994 surveys e-mailed to potential respondents,
185 were returned as “undeliverable.” Thus, the sample
size for the survey was estimated to be 2,809 people, al-
though it was probably smaller due to some e-mails never
being delivered or read. We received survey responses
from 432 individuals (15.4% response rate) between May 8,
2009, and October 9, 2009. The total response grouped by
primary professional training is shown in Table 2.

The years of experience for the professional groups are
shown in Table 3. The total response grouped by primary
professional activity is shown in Table 4. Five respondents
skipped question number 1.

Data Analysis for Hypothesis 1

The concordance for all responses was calculated as the
total number of concordant responses divided by the total
number of responses. The overall concordance was 82.4%,
which was significantly larger than the postulated 50%
(P < .001). The data support the first hypothesis that
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Table 3.  Professional Experience

Years
(mean * SD)
Nurse 26.5 = 10.7
Respiratory therapist 24.1 £9.1
Engineer 21.2 £ 8.6
Any other professional group 212112
Physician 171 £7.9
Table 4.  Professional Activity
no. (%)
Clinical 189 (43.8)
Education 186 (43.1)
Business 38 (8.8)
Any other professional training 19 (4.4)
100
90
8 80 . —
=]
@ 70
2
Q 604
o
S s0-
S o
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2 301
o 201
a 20
10+
0
Engineer Physician Respiratory  Other Nurse

Therapist Profession

Fig. 2. Concordance when data were grouped by profession.

sufficient (ie, > 50%) concordance exists to establish a
consensus.

The kappa statistic was evaluated with an online calcu-
lator® for the 2 X 2 matrix shown in Figure 1. The kappa
statistic was 0.617 (95% CI 0.592—0.642). This value for
kappa corresponds to a quantitative level of “substantial”
agreement.”

Data Analysis for Hypothesis 2

When the data were grouped by profession, respiratory
therapists showed the highest degree of concordance
(84.3%) and “other profession” showed the lowest (79.1%),
as shown in Figure 2 (P = .006).

Figure 3 shows a closer look at how the different pro-
fessional groups answered individual survey questions. All
groups tended to show lower concordance on question 3,
but particularly so for engineers.

When the data were grouped by professional activity,
there was no significant difference in concordance, as
shown in Figure 4 (P = .07).
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Fig. 4. Concordance when data were grouped by professional
activity.

Figure 5 shows a closer look at how the different pro-
fessional activity groups compared on individual survey
questions. Of note, the “other activity” group scored low-
est on questions 1 and 2, while the business group scored
lowest on question 8.

Data Analysis for Hypothesis 3

Concordance differed significantly among the survey ques-
tions, as shown in Figure 6 (P < .001). Concordance was
highest for question 5 (94%) and lowest for question 1 (69%).
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. 3. Response to survey questions by different professional groups.

Analysis of Motivation Question

Survey question number 11 was aimed at identifying the
motivation for creating a taxonomy of ventilator modes. It
was phrased as follows: “The primary goal of a ventilator
mode taxonomy is to minimize changes required of man-
ufacturers rather than to improve clinicians’ understand-
ing.” This question was included to determine if any bias
might exist either for or against manufacturers’ interests.
The overall response was 86% discordance (ie, strongly
disagree or disagree or neutral). At first thought we might
interpret this to be due to the overwhelming majority of
responders being outside the business arena. However, the
respondents who identified themselves as being in the busi-
ness group responded with 79% discordance. This discor-
dance was demonstrated by all other groups as well: cli-
nicians 84%, educators 88%, and other 100%.

Analysis of Comments

Of the free text comments (question 15) that expressed
a bias, 50 were positive and 43 were negative. Represen-
tative comments are shown in Table 5. Our favorite pos-
itive comment was ‘“Marketing people are going to have a
cow over this. They want differentiators, not consensus.”
Our favorite negative comment was “I am not sure of the
intent of this survey; however, the questions are ambigu-
ous at best, confusing at most, and too wordy. Looks like
someone completing a master’s or doctoral thesis who has
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Fig. 6. Comparison of concordance among survey questions.

limited experience.” There were 14 comments stating that
question 1 was ambiguous or confusing.

Discussion

Over the last 30 years there has been a rapid evolution
of the technologic capabilities of mechanical ventilators.
These capabilities have motivated the creation of dozens
of names to describe modes of ventilation. This prolifer-
ation of names has become counterproductive, making ed-
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ucation of end users very difficult and potentially affecting
the quality of patient care. Recognizing this dilemma, the
International Standards Organization is attempting to cre-
ate a controlled vocabulary of mechanical ventilation to
standardize mode descriptions among manufacturers. That
effort has led to the appreciation of the larger need to
create a taxonomy, and even an ontology, of mechanical
ventilation to support future developments in the semantic
web (see the Art and Science of Taxonomy in the online
supplemental text). This study was conceived to support
such endeavors. Specifically, we sought to determine
whether prior publications describing mode terminology
and classification were sufficiently disseminated to sug-
gest that an informal consensus currently exists, at least in
principle. That consensus was hypothesized to exist among
stakeholders in the international respiratory care commu-
nity, including physicians, nurses, engineers, and manu-
facturers’ representatives working in clinical, educational,
and business environments.

This study generated survey results that indicated a sig-
nificant level of concordance with 10 basic constructs of
mechanical ventilation among stakeholders. Not surpris-
ingly, the level of concordance was highest among respi-
ratory therapists, presumably because they are more fa-
miliar with the prior art as it was published in journals and
textbooks aimed at their profession. Of note was the fact
that engineers had the lowest level of agreement with the
construct that ventilatory assistance can be achieved “by
only 2 means: control of the inspiratory volume/flow wave-
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Table 5.  Representative Free Text Comments From Survey Question 15

Positive Comments

“Teaching has become a challenge.”

“A clear taxonomy is critical to avoid misunderstandings based
around promotional materials and descriptions provided by vent
manufacturers.”

“I believe that the ventilator manufacturers should work with the
medical community to develop a standardized language.”

“If terms were more universal, understanding would improve
greatly. If understanding improves, newer modes are more likely
to be used appropriately.”

“I would like to see a standardization of terminology so that all
healthcare professionals are speaking the same language.”

“Important issues to address. Thank you for your efforts in this
area.”

“Anything that can be done to encourage manufacturers to
standardize the terminology they use will be greatly appreciated.”

“Manufactures have clouded definitions and RTs are poorly trained
in nomenclature and the basic principles of ventilation.”

“Semantics is crucial for all practice to ‘be on the same page’ as it
were.”

“Simplicity in terminology is a must. Much of the current ventilator
terminology in many textbooks has no relevance to bedside care.”

“Thank you for taking on this project. It is very much needed.”

“This is a very important study, and I feel it will help with patient
care and safety.”

“Good work. This is much too important a topic to allow the
current chaos in nomenclature to continue.”

“These are excellent questions. Every year I have to defend the
indefensible: why every ventilator company creates its own
taxonomy.”

“A well done survey.”

“Good survey.”

“Long overdue.”

Negative Comments

“Far from clinical practice.”

“Great idea but you don’t have it right.”

“I understand what you are trying to ask, but your bias exists in the
questions.”

“Modes mentioned not consistent with industry.”

“Overall, I think this survey will give little information that is
meaningful, but rather it appears to be structured to gather
support for someone’s personal opinion.”

“Questions are difficult to understand.”

“Survey simplistic and potentially misleading.”

“The CMV term is unique to a few ventilator brands. A good
standard would be assist/control, which is a better standard then
CMV, as it is unique.”

“There needs to be a mode related to assist/assist control versus
simple CMV, IMV, and CSV.”

“Work should be done internationally.”

form, or control of the inspiratory pressure waveform.”
Possible explanations for this result include the fact that
these engineers were not aware of the construct because it
appeared almost exclusively in clinically oriented journals
(as opposed to engineering journals) and because engi-
neers typically recoil at the idea of there being “only” a set
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number of ways to control a system. Hence, the engineers,
as well as many others who responded, may not have
appreciated the larger context of the survey questions (ie,
creating a universal taxonomy) and tended to interpret
them within their own narrow perspective.

The fact that there were no differences among responses
when grouped according to professional activity is perhaps
not surprising. Biases are held by people, not abstract pro-
fessions. In addition, each professional activity has a mix-
ture of professionals, so any potential differences would
tend to be canceled out.

The finding that concordance varied among constructs
invites discussion. The least concordant construct was rep-
resented by question 1: “A breath is defined as an inspi-
ration paired with an expiration, where the 2 are matched
by size or timing, thus allowing small fast breaths on top
of large slow breaths during mechanical ventilation.” The
comments indicated that the low concordance with this
construct was due, in part, to the perceived complexity/
ambiguity of the question. Part of the problem is the com-
pound nature of the construct. But simply postulating that
a breath is an inspiration paired with an expiration would
have been trivial. The issue of matching of size is relevant
in the context of some modes that first impose a large
machine initiated inspiration, then allow the patient to
breathe relatively smaller breaths for a short period, fol-
lowed by a large machine initiated expiration (eg, airway
pressure release ventilation). There is also the alternative
possibility that the ventilator imposes small, rapid breaths
upon slower, larger, patient initiated breaths (eg, high fre-
quency oscillatory ventilation). Clearly there was no way to
explain the full context of the question, yet it had to be asked.
Confusion resulted because respondents were not familiar
with thinking about the larger context. Nevertheless, if the
survey were repeated, this question would have to be better
worded.

The question with the second lowest concordance was
number 2: “A ventilator can assist a breath by only 2
means: control of the inspiratory volume/flow waveform
(ie, volume control), or control of the inspiratory pressure
waveform (ie, pressure control).” The lower concordance
for this construct may be a direct result of the confusion in
the industry about the word “assist.” Some authors and
manufacturers have promulgated the notion that any pa-
tient-initiated breath is an “assisted” breath. On the con-
trary, physiologists and physicists tell us that the word
assist has nothing to do with what the patient does but
rather relies on whether or not the ventilator performs
work on the respiratory system. This misunderstanding is
tied to a much larger issue affecting the formation of a
taxonomy: there is a fundamental disagreement among
stakeholders who view the ventilator in terms of how it is
used clinically (ie, from the patient’s point of view) and
those who view it in terms of what it does mechanically
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Table 6.  Preferred Nomenclature for Mechanical Ventilation for Manuscripts Submitted to RESPIRATORY CARE*

Preferred Term Preferred Intended Meaning Similar Terms to Be Avoided
Symbol
Volume controlled continuous VC-CMV Mechanical ventilation with preset tidal volume Assist/Control, A/C, CMV, Volume Assist/
mandatory ventilation and inspiratory flow. Every breath is Control, Volume Control, Volume
mandatory (ie, inspiration is patient or Limited Ventilation, Volume Controlled
machine triggered and machine cycled). Ventilation, Controlled Ventilation,
Volume Targeted Ventilation

Volume controlled VC-IMV Mechanical ventilation with preset tidal volume Synchronized Intermittent Mandatory
intermittent mandatory and inspiratory flow. Spontaneous breaths Ventilation, SIMV
ventilation (ie, inspiration is patient triggered and

patient cycled) can exist between mandatory
breaths.

Pressure controlled PC-CMV Mechanical ventilation with preset inspiratory Assist/Control, A/C, CMV, Pressure
continuous mandatory pressure and inspiratory time. Every breath Assist/Control, Pressure Control,
ventilation is mandatory (ie, patient or machine Pressure Limited Ventilation, Pressure

triggered and machine cycled). Controlled Ventilation, Pressure
Targeted Ventilation

Pressure controlled PC-IMV Mechanical ventilation with preset inspiratory Synchronized Intermittent Mandatory
intermittent mandatory pressure and inspiratory time. Spontaneous Ventilation, SIMV
ventilation breaths (ie, inspiration is patient triggered

and patient cycled) can exist between
mandatory breaths.

Continuous spontaneous CSvV Any mode of mechanical ventilation where Spont
ventilation every breath is spontaneous (ie, patient

triggered and patient cycled).

Mandatory breath None A breath type during mechanical ventilation for Machine breath, mechanical breath

which inspiration is machine triggered and/or
machine cycled.
Spontaneous breath None A breath type for which inspiration is both Not applicable
patient triggered and patient cycled. Applies
to assisted or unassisted breathing.
Assisted ventilation or breath None Ventilation or breath for which a machine Patient triggered ventilation or breath
provides some or all of the work of
breathing.
Patient triggered breath None A breath that is initiated by the patient, Patient assisted breath, assisted breath
independent of ventilator settings for
frequency.
Autotriggering None Unintended initiation of breath delivery by the Autocycling

ventilator (eg, by an external disturbance
such as movement of the breathing tube or
an inappropriate trigger sensitivity setting).

* http://www.rcjournal.com/guidelines_for_authors/preferred_nomenclature.cfm.

(ie, from the operator’s point of view). For example, the
term “assist/control” has been very popular for decades to
name a mode wherein either the patient triggers the breath
(assist) or the ventilator triggers the breath (control). Some
authors even go so far as to divide ventilatory support into
2 groups: “assisted” modes and “controlled” modes, where
“assisted” means “the patient interacts in some way with
the ventilator,” and “controlled” means ‘“the machine de-
termines the rate, the inspiratory time, and the tidal vol-
ume, so the patient does no work.”® This viewpoint is
anachronistic and dates to decades ago when patient ini-
tiation of inspiration was a novelty. And this is fundamen-
tally a patient-centric view, because those who use the
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term “assist/control” are only interested in whether the
ventilator responds to the patient’s inspiratory effort or
whether the breath is imposed on the patient. From the
point of view of creating a taxonomy, the term assist/
control is less than useless because it elevates a very low
level system feature (the trigger variable) to the most im-
portant hierarchical position. Indeed, the terms assist and
control as used in this fashion relate to no other constructs
in a hierarchical way and are in fact names rather than tags
(ie, taxonomic attribute groupings). Worse, they conflict
with more important meanings of the word assist and con-
trol that do relate to fundamental constructs. Thus, we may
conclude that the low concordance with construct number
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2 indicates where more education needs to be directed. In
fact, we could argue that this particular construct indicates
the key issue: getting people to stop thinking in terms of
names promulgated by manufacturers and start thinking
about general terms of classification (when appropriate of
course, as in educational programs and operator manuals).

The construct with the next lowest concordance was
associated with question number 8: “Being able to identify
any mode as one of these 5 basic ventilatory patterns has
little practical value: 1. VC-CMV, 2. VC-IMV, 3. PC-
CMV, 4. PC-IMV, 5. PC-CSV. VC = volume control.
PC = pressure control.” In order to agree with this con-
struct, the respondent would have to be aware of the ex-
panded definitions of the terms CMV, IMV, and CSV.
Despite the fact that question 7 (the next higher concor-
dance level) defined these terms, most people probably
have a more restricted understanding of them and associ-
ate them with specific mode names on specific ventilators
rather than viewing them as more generic categories of
mode characteristics. Again, this bias was expected, and,
indeed, the fact that the majority of responses were con-
cordant is encouraging.

The application of the 10 constructs described in this
study to the development of a formal taxonomy of me-
chanical ventilation is beyond the scope of this paper.
However, the confusion surrounding terms related to modes
of ventilation has been acknowledged by the editorial board
of RESPIRATORY CARE. As a result, the Journal publicly
endorsed the adoption of standard vocabulary to describe
ventilator modes. Preferred nomenclature and a glossary
of terms used to describe ventilator modes (consistent with
the constructs described in this study) are included in the
guidelines for manuscript preparation and published in the
Journal and on its Web site (Table 6).10

Recently, the American Association for Respiratory Care
assembled a task force to identify potential new roles and
responsibilities for respiratory therapists and to suggest the
elements of education, training, and competency-
documentation needed to assure safe and effective execu-
tion of those roles and responsibilities within the next
5 years and beyond.!! The group identified the important
role education and competency assessment in mechanical
ventilation will play in our profession’s future.'> Educa-
tion and competency assessment of the modes and princi-
ples of invasive and noninvasive mechanical ventilation
are being required by physician-based organizations as
well. A multi-society task force identified and defined
modes and principles of invasive and noninvasive me-
chanical ventilation as one of the essential competencies to
be addressed for internal medicine-based critical care and
pulmonary medicine.!3

To safely and effectively manage a mechanical ventila-
tor, the respiratory therapist must thoroughly understand
ventilator design, classification, and operation in order to
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properly match ventilator capability with physiologic need.
The proliferation of names for modes of ventilation and
lack of a standardized nomenclature may contribute to
confusion and inappropriate clinical application of venti-
latory modes. The effects may impair gas exchange and
compromise pulmonary mechanics and patient safety. Lack
of understanding of ventilator design can contribute to
documentation issues.'* Documentation errors in the med-
ical record increase the propensity of medical decision
errors and adverse patient outcomes.!>10

Conclusions

In conclusion, the results of this survey indicate that the
respondents were apparently familiar with the previously
published literature upon which the survey constructs were
based. Furthermore, the degree of familiarity and concor-
dance with these constructs may represent a sufficient ba-
sis for attempting to formalize a taxonomy of mechanical
ventilation and developing educational materials targeted
for key stakeholders.
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