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ABSTRACT

Background Management of mechanical ventilation (MV) is an important and complex aspect of caring for critically ill patients.
Management strategies and technical operation of the ventilator are key skills for physicians in training, as lack of expertise can
lead to substantial patient harm.
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Nitin Seam, MD

Objective We performed a narrative review of the literature describing MV education in graduate medical education (GME) and
identified best practices for training and assessment methods.

Methods We searched MEDLINE, PubMed, and Google Scholar for English-language, peer-reviewed articles describing MV
education and assessment. We included articles from 2000 through July 2018 pertaining to MV education or training in GME.

Results Fifteen articles met inclusion criteria. Studies related to MV training in anesthesiology, emergency medicine, general
surgery, and internal medicine residency programs, as well as subspecialty training in critical care medicine, pediatric critical care
medicine, and pulmonary and critical care medicine. Nearly half of trainees assessed were dissatisfied with their MV education. Six
studies evaluated educational interventions, all employing simulation as an educational strategy, although there was considerable
heterogeneity in content. Most outcomes were assessed with multiple-choice knowledge testing; only 2 studies evaluated the care
of actual patients after an educational intervention.

Conclusions There is a paucity of information describing MV education in GME. The available literature demonstrates that
trainees are generally dissatisfied with MV training. Best practices include establishing MV-specific learning objectives and
incorporating simulation. Next research steps include developing competency standards and validity evidence for assessment
tools that can be utilized across MV educational curricula.

syndrome (ARDS) despite evidence of clear bene-
ﬁt_8_11

Commonly, MV is managed by physicians without
subspecialized training in critical care, and there is
evidence of insufficient MV education for this
group.'? A recent survey revealed that only 56% of
reporting hospital critical care units had intensivists
present during daytime hours or available for urgent
consultation.'® Furthermore, 77% of surveyed hospi-
talists reported providing critical care services and
66% reported serving as primary physicians in the

Introduction

Mechanical ventilation (MV) is a life-saving interven-
tion in respiratory failure; however, it is complex and
requires critical thinking. When managed inappropri-
ately it carries a risk of major harm. Education related
to appropriate MV management is imperative for all
physicians in training who are caring for critically ill
patients, including those in the areas of anesthesiol-
ogy, emergency medicine, general surgery, internal
medicine, critical care medicine, pediatric critical care
medicine, and pulmonary and critical care medi-
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cine.'™®

Even among practicing intensivists, who are ex-
pected to be experts, there is evidence of insufficient
knowledge of MV.”™'! Intensivists perform poorly in
interpreting ventilator waveforms for patient-ventila-
tor dyssynchrony’ and are poorly adherent to low
tidal volume ventilation strategies for adult and
pediatric patients with acute respiratory distress

DOI: http://dx.doi.org/10.4300/JGME-D-18-00828.1

intensive care unit (ICU).'> When hospitalists were
primarily managing ICU patients, intensivists were
responsible for all ventilator management in less than
half of cases. In addition, 35% of nonacademic
hospitalists and 24% of academic hospitalists report-
ed being expected to practice beyond their scope of
residency training, and 85% of hospitalists managing
critically ill patients expressed a need for further
training in MV.'? Patient outcomes are also negatively
affected, as MV is specifically associated with a longer
length of stay in ICUs managed by nonintensivists.'*
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These findings are particularly concerning given the
expected upcoming intensivist shortage.!® In the
emergency department, less than half of patients with
identified ARDS received low tidal volume ventila-
tion.'® For patients not meeting ARDS criteria
initially, there is an association with inappropriate
initial ventilator settings and the subsequent develop-
ment of ARDS.'” Graduating from an emergency
medicine training program that emphasizes MV
education, however, correlates with better test scores
on objective assessment of MV knowledge, including
knowledge of low tidal volume ventilation.'®

Our aim was to review the literature to determine
best practices related to MV education regarding
curricular content and formats as well as learner
assessment. In this narrative review, we describe the
available literature regarding MV training across
graduate medical education (GME) specialties, iden-
tify areas where further research is needed, and
formulate a strategy for improving the educational
environment.

Methods

We conducted a narrative review of the available
evidence for GME training in MV. Our authorship
group was formed through the American Thoracic
Society Section on Medical Education as an interest
group focused on MV education. The group has
diverse experience and includes pulmonary and
critical medicine fellows in training, fellowship
program directors, and division chiefs. We represent
8 institutions with broad geographic variability,
including an international representative. When
comparing our own institutional experiences, there
was considerable variability in curricula, methods of
instruction, and assessments being performed.

Two authors (J.M.K. and N.S.) searched MEDLINE,
PubMed, and Google Scholar from the year 2000
through July 2018 using the following key words:
mechanical ventilation education, mechanical ventila-
tion training, graduate medical education, housestaff,
resident, and fellow. No additional publications were
identified after reviewing the references from identified
articles. Studies were included if they were published in
English-language, peer-reviewed journals and the
abstracts described instruction, assessment, or opinions
pertaining to MV in GME. Articles were excluded if
they focused on non-GME learning groups or if no
description of educational intervention or assessment
was included. The full text of each article was reviewed
by the coauthors to confirm inclusion.

The articles reviewed had considerable variability
and heterogeneity in populations, methods, and
analyses. The results were not amenable to traditional
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meta-analysis.'” We synthesized the available litera-
ture using a narrative review approach involving
critical evaluation of individual articles and their
results.”**! We then identified the key points of the
literature and generated consensus themes by discus-
sion. After a preliminary review of included articles,
the authors used a consensus approach to categorize
studies: surveys of residents, fellows, or program
directors regarding self-perceived MV skills and
needs; articles describing objective assessments of
MV education; articles defining ideal learning objec-
tives for MV education; and studies implementing
educational interventions to improve MV education.

Results

The literature search yielded 76 articles, of which 15
met the inclusion criteria. The excluded articles
lacked educational interventions or assessments or
did not pertain to the GME population. The search
results are summarized in the TABLE.

Target Audience

The included publications represented resident and
fellow learners, with specialty representation from
anesthesiology, emergency medicine, general surgery,
and internal medicine, as well as subspecialty training
in critical care medicine, pediatric critical care
medicine, and pulmonary and critical care medicine.

The majority of the MV educational data pertains
to residents (FIGURE 1). One study was not specialty-
specific. No studies pertained to pediatrics or family
medicine residents and MV education.

Surveys Regarding Adequacy of MV Training

Four articles reported survey responses regarding
experience with MV education from physician train-
ees and program directors.*>™>° Surveys asked about
satisfaction or comfort level with the current training
environment. Two studies reported good response
rates of 70% or higher,”>* 1 had a poor response
rate of 23%,> and 1 did not provide response rate
information.”* No studies included validity evidence
for survey development.

The largest study, published in 2003, surveyed 259
graduating internal medicine residents, and found
that nearly half were dissatisfied with their training in
MYV and perceived their knowledge to be close to
minimum standards.?* The disparity between resident
and program director perceptions was noteworthy:
70% of internal medicine program directors indicated
that they were satisfied with their program’s MV
instruction. Findings for pulmonary and critical care
medicine and critical care medicine fellows were
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Graduate Medical Education Learner Group

Fellowship Specialty

(No. of Studies)

Residency Specialty

(No. of Studies)

Adult Pulmonary
and/or Critical Care

(4).
Fellows
(5)

Pediatric
Critical Care

Residents

(No. of Studies)

/Internal Medicine (5)

Emergency Medicine (3)

(10) Anesthesia (2)

Surgery (1)
Unspecified (1)

*Specialty breakdown may not add up to the learner group total
as multiple specialties were represented in some studies.

FIGURE 1

Target Learner Groups From Studies of Mechanical Ventilation Training

similar: 50% reported satisfaction with their educa-
tion in MV in the 2008 study evaluating fellow
satisfaction, though the response rate was very low.*?
In a 2017 study of internal medicine residents in
Brazil, nearly 30% of third-year residents said they
would fear for patient safety if their patients required
MYV, and only 52% thought they would be able to
safely manage a ventilated patient with significant
airflow obstruction.”* In a 2015 study, only 53% of
emergency medicine residents reported feeling com-
fortable caring for mechanically ventilated patients
despite having frequent contact with ventilated
patients.” In the study, 77% of residents reported
having 3 hours or less of MV education in the past
year. We found no data pertaining to satisfaction with
MV education or comfort with MV management in
anesthesia, surgical, or pediatric GME programs.

Objective Assessment of MV Education

Two studies evaluated current trainee knowledge in
MV.?%2* The largest and most rigorous was the 2003
survey study of internal medicine residents.”* Knowl-
edge of respiratory physiology and MV management
was evaluated among 259 graduating internal med-
icine residents using 19 case-based multiple-choice
questions. Response rate was satisfactory at 74%.
Residents scored above 70% on questions related to
the topics of noninvasive ventilation, measurement of
auto-positive end-expiratory pressure (auto-PEEP),
and diagnosing tension pneumothorax. The lowest
scores were seen with management of ARDS,
hypoxemia, and ventilator weaning, which are
fundamental tenets of MV management. Only 52%
of respondents applied the correct tidal volume in the
case study of a patient with ARDS. In the 2017 study
of Brazilian internal medicine residents, there was
overall poor performance on knowledge testing.** For

example, 59% of residents inappropriately indicated
that they would start MV based on a patient’s actual
weight rather than predicted body weight. This study
was of low quality, however, and lacked a reported
response rate, validity assessment, or further details of
the assessment tool.

Development of Assessment Tools in MV
Education

Two studies described the development and perfor-
mance characteristics of knowledge assessment tools
in MV education.?®*” A 2016 study involved a 9-
question multiple-choice assessment for emergency
medicine residents.*® The questions were developed
by expert consensus, pretested and piloted, then given
to residents with a reasonable 69 % response rate. The
study reported adequate internal reliability and an
appropriate mix of item difficulty, suggesting that this
assessment tool was sufficiently rigorous for evaluat-
ing emergency medicine residents. A study from 2014
evaluated a 35-item knowledge assessment tool of
MV knowledge in pediatric critical care medicine
fellows that had robust content validity, construct
validity, internal consistency, and reliability metrics.’
Experts performed best on the assessment tool, with a
mean score of 75%, compared with 59% and 35% in
the advanced and novice groups, respectively. The
authors described this as the first example of a
knowledge assessment tool in MV with validity
evidence and suggested that it can be utilized to
assess competency and identify knowledge gaps in
MV training for pediatric critical care medicine
fellows.

Learning Objectives

Learning objectives are important to establish for
complex learning tasks, including MV training.
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FIGURE 2

Educational Strategies Employed in Published Studies of Mechanical Ventilation Training

Reported discontent with MV education was, in fact,
noted to be highest among training programs that
lacked learning objectives specific to MV.** Three
studies sought to define learning objectives for MV
education.?”?’ In the largest study, from 2012, a
panel of 14 content experts, educators, and trainees
from internal medicine and anesthesia specialties
generated learning objectives with high agreement
through a Delphi consensus process.”® Though the
report included objectives pertaining to respiratory
physiology, modes of ventilation, use of noninvasive
ventilation, monitoring, complications of MV, and
appropriate removal of MV, it did not describe any
formal assessment using the defined learning objec-
tives. In 2004, an expert panel associated with the
American College of Critical Care Medicine identified
both the management of invasive devices and the
understanding of sedation and analgesia principles as
core clinical topics with which all residents should
demonstrate knowledge and technical skills. More
advanced ventilation techniques, including use of
multiple ventilator types, were identified as fellow-
level objectives.”” No information was provided,
however, as to the process of developing the
objectives. The 2014 study of MV education in
pediatric critical care medicine sought to identify
learning objectives for management of pediatric MV
in addition to the published assessment tool.>” The 10
objectives developed by consensus of the authors
addressed knowledge of ventilation modes and their
impact on physiological parameters.

Educational Interventions

Six studies, published between 2012 and 2017,
evaluated educational interventions related to MV
(FGURE 2).>°7%° All studies incorporated hands-on
simulation training, and all assessments were limited
to pretesting and immediate postintervention testing.
No studies assessed skill or knowledge retention
beyond 1 month. All studies included outcomes

related to change in learning or knowledge, in
addition to self-reported satisfaction or reaction of
participants.*® Four studies included assessment of
MV management skills using a performance check-
list,>*=33 and 2 studies included only evaluation of
trainee knowledge through multiple-choice ques-
tions.**** Two studies uniquely showed change in
trainee performance scores during evaluation with
actual patients after simulation-based educational
interventions.’*>! These 2 studies also most exten-
sively described the validity evidence for the assess-
ment tools. Overall satisfaction was highest for
simulation-based interventions compared with other
methodologies across studies. No studies evaluated
patient-level outcomes, such as ventilator free days,
ICU length of stay, or mortality.

Educational content varied considerably across
studies, including such topics as respiratory physiol-
ogy, ventilator setup and waveform analysis, case-
based management of ARDS, bronchospasm, patient-
ventilator dyssynchrony, chronic obstructive pulmo-
nary disease, and severe hypoxemia (FIGURE 3).

Across all studies, the average time spent on an
educational intervention for MV was 7 = 3 hours,
and the average number of learners was 37 = 17
(FIGURE 4).

Discussion

Our narrative review of the literature demonstrated
substantial heterogeneity within MV education. Learn-
ers in GME are generally dissatisfied with their training
in MV**%* and perform suboptimally on objective
testing of MV management knowledge.”*** There are
indications that the lack of educational rigor translates
to the clinical environment, with practicing physicians
demonstrating variable adoption of best practices and
evidence-based interventions and inadequately recog-
nizing important complications of MYV, including
ventilator-induced lung injury, delayed MV liberation,
and patient-ventilator dyssynchrony,”'!-1%16:17:36

Journal of Graduate Medical Education, August 2019 397

$S900E 93l} BIA /Z2-01-GZ0g 1e /wod Aioyoeignd:poid-swud-yiewlarem-jpd-awiid;/:sdiy wouy papeojumoq



REVIEW

Educational Content

Simulated Patient Cases

Ventilator Modes, Setup, and Mechanics
Hypoxemic Respiratory Failure

High Pressure Ventilator Alarm Management
Severe Airflow Obstruction/Bronchospasm
Acute Respiratory Distress Syndrome (ARDS)
Pneumonia

Ventilator Waveform Analysis
Patient-Ventilator Dyssynchrony

Mucus Plugging

Pneumothorax

Spontaneous Breathing Trial and Extubation Readiness

o

FIGURE 3

1

N
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No. of Studies Including Educational Content

Educational Content Delivered in Published Studies of Mechanical Ventilation Training

While most organizations governing the education
of trainees involved in the management of critically ill
patients recognized that ventilator management is an
educational priority,>*® surprisingly little is known
regarding the ideal methods for instruction and
assessment. Few studies have attempted to rigorously
define learning objectives for MV education and
develop wvalidity evidence for evaluation tools to
assess training, typically formulated through expert
consensus.”?® Studies evaluating educational inter-
ventions in MV are generally low quality with poor
evaluation of validity evidence, and only 2 studies
have assessed postintervention trainee performance in
caring for actual patients.?*!

Several best practices emerge from analysis of the
available literature base. Every GME program where
critically ill patients are managed should establish or
adopt MV-specific learning objectives and incorporate

12 60
10 50
8 40
Hours 6 30 Learners
4 20
2 10
0 0

Number of Learners
During Educational
Intervention®

Time Spent During
Educational Intervention?

FIGURE 4

Educational Interventions in Published Studies of
Mechanical Ventilation Training

@ The average time spent was 7 = 3 hours.

® The average number of learners was 37 + 17.
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simulation into training curricula. Simulation inter-
ventions, especially with case-based scenarios, gener-
ally improved MV knowledge and technical skills
beyond other instructional methods and were highly
rated by participants. The curriculum should also
incorporate interprofessional collaboration with
those directly involved in day-to-day management of
MYV, such as nurses or respiratory therapists. Once the
curriculum is in place, there should be a framework to
assess the curriculum over time and allow for
retraining when new ventilators or technology are
introduced.

Limitations of the review include a low number of
studies pertaining to MV education and difficulty
aggregating the available data given inconsistency in
educational methods and assessments. In addition,
most studies lacked validity evidence for assessments,
and only 2 studies assessed outcomes at the patient
level.

Future studies of MV education should focus on
patient-level outcomes as much as possible, rather
than improvement in satisfaction or knowledge
scores alone. Given that these studies are logistically
difficult, starting with simulated patient models is
reasonable. Published MV curricula use a variety of
methods and content, which is expected across
multiple levels of trainee expertise, though mini-
mum performance standards need to be established.
While statistically significant improvements in post-
intervention performance scores are a start, we need
to first define minimum performance scores and then
assess whether residents and fellows are achieving
them. High-quality, rigorously tested assessment tools
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are needed, coupled with specialty-specific competen-
cies.

Conclusion

Proficiency in MV management is an educational
priority for physician trainees involved in critical care,
yet they are generally dissatisfied with MV education
and feel ill-prepared for ventilator management in
clinical practice. Programs should have MV-specific
learning objectives and incorporate simulation into
MV training, although more work is needed to define
specialty-specific competencies and develop assess-
ment tools.
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