
SPECIAL ARTICLE
Novel, Multimodal Approach for Basic Transesophageal Echocardiographic
Teaching

John D. Mitchell, MD,*† Feroze Mahmood, MD,*† Ruma Bose, MD,*† Philip E. Hess, MD,*† Vanessa Wong, BS,†

and Robina Matyal, MD*†
Objectives: Web and simulation technology may help

in creating a transesophageal echocardiography (TEE) cur-

riculum. The authors discuss the educational principles

applied to developing and implementing a multimodal TEE

curriculum.

Design and Setting: The authors modified a pilot course

based on principles for effective simulation-based education.

Key curricular elements were consistent with principles for

effective simulation-based education: (1) clear goals and

carefully structured objectives, (2) conveniently accessed,

graduated, longitudinal instruction, (3) a protected and

optimal learning environment, (4) repetition of concepts

and technical skills, (5) progressive expectations for under-

standing and skill development, (6) introduction of abnor-

malities after understanding of normal anatomy and probe
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manipulation is achieved, (7) live learning sessions that are

customizable to meet learner needs and individualized

proctoring in skill sessions, (8) use of multiple approaches

to teaching, (9) regular and relevant feedback, and (10)

application of performance and compliance measures.

Participants: Fifty-five learners participated in a curricu-

lum with web-based modules, live teaching, and simulation

practice between August 2011 and May 2013.

Conclusion: It is possible to develop and implement an

integrated, multimodal TEE curriculum supported by educa-

tional theory. The authors will explore the transferability of

this approach to intraoperative TEE on live patients.
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MEDICAL EDUCATION is a desirable byproduct of
clinical patient management. As patients come to

hospitals for treatment, requirements for clinical care supersede
those for medical education. Therefore, despite attempts to
concentrate education into specialized blocks, medical training
for clinical skills, particularly for those requiring manual perform-
ance, is integrated incompletely into patient clinical management.
What the trainees are taught theoretically and what they do
practically are often different. Furthermore, the Graduate Medical
Education (GME) requirements to control resident work hours
necessitate the use of innovative educational techniques that are
both effective and efficient. Fortunately, advances in technology,
including web-based teaching and simulator-based training, have
enhanced the ability to educate more trainees by allowing the
integration of theory and manual performance.

Expertise in transesophageal echocardiography (TEE) requires
a demonstration of time commitment for training, supervised
practical experience, and success in standardized exams. A
training program used to satisfy these requirements has to be
comprehensive and integrated with the ability to track progres-
sion of cognitive understanding and manual dexterity. High-
fidelity simulation already has become accepted as a criterion for
credentialing for surgeons and maintenance of certification for
anesthesiologists.1–3 Skills gained in task trainers result in
improved performance of a variety of medical procedural tasks
from laparoscopic surgical procedures to endoscopy.1,3,8,9 Such
curricula incorporate web-based education in conjunction with
task training using haptic simulators. These task trainers demon-
strate construct validity (measure what they appear to measure)
and also track progression of skills.10–12

The changing medical education paradigm of GME from time-
based training to competency-based (“milestones”) training neces-
sitates innovations that will provide concrete performance data
and allow learners to progress systematically through a range of
increasingly complex activities; incorporation of web-based and
simulation-based training ideally is suited to meet these chal-
lenges. Web-based educational modules can be used to incorpo-
rate the conceptual framework whereas haptic TEE simulators can
be used for acquisition of motor skills. While standard partial task
trainers are either screen and software based or tactile/haptic in
nature, the available echocardiography (echo) simulators, such as
the HeartWorks (Inventive Medical Ltd., London, United King-
dom) and VIMEDIX (CAE Healthcare, Montreal, Canada)
simulators, have elements of both.1–3 The authors’ goal was to
apply educational principles to developing and implementing a
web- and simulation-based curriculum to teach basic TEE to
novice learners. In order to facilitate the large-scale teaching of
basic TEE skills with such courses and to facilitate collaboration
among echo educators, the authors will discuss the course design
and educational theory that supports this multimodal curriculum.

MODIFICATION OF PILOT COURSE

After initial review of the literature on simulation-based
education, the authors designed a pilot simulation-based
TEE course for anesthesia residents. The course consisted of
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8 two-hour sessions of live lectures and hands-on practice with
simulators. After a year of implementing this course, they
performed a more detailed review of the literature to learn how
to modify the course into a more effective curriculum.

As part of the modification process, the authors used
available literature to develop a list of principles behind an
effective simulation-based curriculum. From their literature
review, they identified 10 previously accepted principles for
effective simulation-based education (Table 1), which guided
the design of the final curriculum.3–5,713

Having a system for content review is important to ensure
a comprehensive learning experience.1,2,7,14 Therefore,
web-based modules were prepared for the course by a collab-
orative group of expert echocardiographers. All completed
modules were reviewed by members of the development team
for factual accuracy, clarity, and overall quality. They were later
beta-tested by residents from the program prior to the full course
release. Any errors reported by course participants were fixed in
a timely fashion to ensure high quality of teaching materials.

The authors and instructors had no affiliation with any
manufacturer of simulators, ultrasound equipment, or other
potential conflicts of interest. The website material used was
created de novo by the authors for the purposes of this training
course and was not produced for or funded by any simulator
manufacturer.
FINAL CURRICULUM

The final curriculum consisted of a course given over a 4-
week period with web-based modules, live teaching, and
simulation practice (Table 2). An average of 5 students took
the course each time it was offered. The course had 9 web-
based modules focusing on different TEE topics and 8 live
sessions consisting of didactics and image acquisition on
simulators. The web-based modules complemented the live
sessions, and students were expected to complete the respective
web-based module(s) before each live session. Students
received a course workflow diagram at the start of the course
and a reminder email of the online coursework and live review
topic prior to each session.

During the first week of instruction, students were taught
normal anatomy. Once normal anatomy was appreciated and
learned, abnormal anatomy was introduced for comparison
throughout the course after the first week.
Table 1. Key Elements for Physician Skill Teaching4–7

Key Elements for Physician Skill Teaching

1. Need for a structured curriculum based on core goals and related

teaching objectives

2. Readily accessible, graduated longitudinal instruction

3. Provision of an optimized learning environment

4. Opportunities for repetition of skills and information

5. Increasing expectations for development of skills and knowledge

6. Introduction of new pathologies or a spectrum of presentations

7. Active learning that can be adapted to each learner

8. Incorporation of varied learning strategies

9. Provision of timely and objective feedback

10. Development and application of relevant performance and

compliance measures
Web-based Modules

The modules were located on the authors’ website, http://
anesthesiaeducation.net/moodle/, which used an open-source
learning management system (Moodle from Moodle Pty Ltd,
Perth, Australia). Moodle was selected as the platform for
developing the modules because it is free and offers the
following features: The option of restricting access to
the modules, testing capability and automatic grading of tests,
the option of including multimedia material, and logs of user
activity on the site. Students had access to 9 topic-based
modules (Fig 1), a practice module, and 2 test modules. (The 2
test modules were an online pretest and post-test, described
below.) Each topic-based module focused on a specific topic in
TEE theory and had the following elements: (1) A list of
objectives: Each module had 1 goal and 4-6 objectives
(Table 3). (2) A 5-question pretest: This pretest emphasized
key learning points for the module; learners took, on average,
2.1 � 0.3 minutes to complete the pretest. (3) A video
presenting the topic of the module: The video (average length:
18.5 � 8.2 minutes) consisted of narrated slides with echocar-
diographic loops, illustrations, and graphical content. Video
loops could be replayed immediately and enlarged to full
screen to ensure identification of subtle details critical to
understanding content. (4) Optional practice exercises: These
exercises focused on building connections among echo loops,
line drawings, and simulator images. (5) A 5-question post-test:
This post-test reinforced learning points from the module;
learners took, on average, 2.3 � 1.3 minutes to complete the
post-test.

The optional practice exercises from all the topic-based
modules were featured collectively in a practice module
(Fig 2); this module also had handouts for students to use as
reference.

To track acquisition of knowledge, students took an online
pretest at the beginning of training and post-test at the end of
training. Exam questions focused on the integration of visual
content with TEE theory. Samples of pre- and post-course exam
questions are available in Appendix 1. Moodle automatically
graded responses to the questions by checking them against the
correct answers entered into the system; free text answers were
reviewed to ensure accuracy of the grading. The site also allowed
instructors to review both individual and course-level performance
on questions and allowed for analysis of question performance.

Live Sessions

Live sessions occurred twice a week for 4 weeks and were
all led and facilitated by National Board of Echocardiography
(NBE)-certified echocardiographers, each with at least a decade
of echo teaching experience. A high facilitator-to-student ratio
(on average 1 facilitator to every 2 students) was maintained
for each session. During each of these sessions, the first 20 to
25 minutes were spent on reviewing the focused elements
relevant to the topic of the day. For the remaining 60 to 70
minutes, students practiced obtaining all views of a compre-
hensive echo exam on simulators. They had access to 2
HeartWorks and 2 VIMEDIX TEE simulators. With an average
of five students per session, the high simulator-to-student ratio
resulted in significant hands-on experience. Students who



Table 2. Basic TEE Course Design

Course Setup

Website modules (about 30 minutes each) Hands-on sessions (90 minutes each)

2 test modules (pretest and post-test), each consisting of 55 knowledge

questions (same for both pretest and post-test)

9 topic-specific modules (see “Course Flow” below for list of topics), each consisting of:

�Learning Objectives

�5-question pretest and 5-question post-test

�Video lecture (average of 18.5 minutes in length)

�Practice exercises

1 practice/materials module consisting of a basic TEE exam guide and handouts

2 sessions per week (1 on Tuesday and 1 on Thursday, each from 4:30 p.m. to 6:00 p.m.)

held in the TEE Simulation Center under the guidance of facilitators certified by the

National Board of Echocardiography

Used 2 HeartWorks (Inventive Medical Ltd., London, United Kingdom) and 2 VIMEDIX

(CAE Healthcare, Montreal, Canada) TEE simulators

VIMEDIX simulators were used to capture motion data of TEE probe in real time

Activities during the hands-on sessions:

�Focused review/cases/questions-and-answers led by facilitators (20-30 minutes)

�Hands-on practice on the simulators with facilitators or skills tests on simulators (60-70

minutes)

Course Flow

Week 1 Week 2 Week 3 Week4

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

Website

module(s)

Basic Intraoperative

Echo Exam

Probe Position and

Orientation

LV Systolic

Function

RV and Tricuspid

Valve

Aortic Valve Mitral Valve Hemodynamics Complete Basic Exam

TEE Pretest (after

hands-on session)

Wall Motion

Assessment

TEE Post-test (after

hands-on session)

Hands-on

Session

Introduction to

simulator and

warm-up

Introduction to

transgastric and

upper-

esophageal

views with

instructors

Focus on LV

function views

with review of all

views with

instructors

Focus on RV and

tricuspid valve

function views

with review of all

views with

instructors

Focus on aortic

valve views with

review of all

views with

instructors

Focus on mitral

valve views with

review of all

views with

instructors

Focus on views for

hemodynamics

with review of all

views with

instructors

Case-based review

Introduction to mid-

esophageal views

with instructors

Warm-up/review Hands-on practice

of all views

Warm-up/review Hands-on practice

of all views

Warm-up/review Hands-on practice

of all views

Warm-up/review

Hands-on practice of

all views

Skills test #1 Skills test #2 Skills test #3 Skills test #4

Abbreviations: LV, left ventricle; RV, right ventricle; TEE, transesophageal echocardiography.
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could not attend a session were allowed to schedule and attend
a make-up session.

To track acquisition of manual dexterity, students’ image
acquisition skills were tested using metrics software from
the VIMEDIX simulators. These simulators captured real-
time motion data of the TEE probe. The total time, path
length, and peak movements were recorded during the
testing period (Fig 3). Students were tested during every
other live session.

Implementation of Curriculum

Over the past 2 years, the authors’ group has implemented
this curriculum successfully on anesthesia trainees learning
basic TEE skills. Eleven groups of learners (55 learners
consisting of echo-naïve anesthesia residents, fellows, and
research assistants) participated in this course between
August 2011 and May 2013. The authors encouraged learners
to take the NBE Basic PTEeXAM upon completion of the
course. At this point, 6 graduates of the course have taken the
exam, and all have passed. The number of learners taking the
NBE Basic PTEeXAM was limited by the shifting timeframe
of the testing date from 2011 to 2012 and the cancellation of
the 2013 exam.

UNDERLYING EDUCATIONAL THEORY

The authors’ final curriculum had key course elements
consistent with previously accepted principles for effective
simulation-based education (Table 1).
Fig 1. Sample learning module: Wall Motion Assessment. Each onli

echocardiography and consisted of learning objectives, a 5-question pretes
Clear Goals and Carefully Structured Objectives

The authors’ structured curriculum was built on clear goals
and corresponding sequential objectives listed at the start of
each online module. These goals were adapted in part from
those outlined on the NBE Basic PTEeXAM and also from the
contributions of the experienced educators who developed the
course.5,10,15

Conveniently Accessed, Graduated, Longitudinal

Instruction

Taking into account the needs of an adult learner, the
authors’ program provided ad-lib access to the web-based
educational modules. This allowed flexibility that is well suited
to adult learners.10–12,16 Compliance in completing the web-
based modules could be tracked by logins to the site and
completion of the 5-question pretests and post-tests on each
module. Reminders were sent to students not completing
required elements of the online work.

The authors provided sophisticated content gradually, so
the learners could view and review content at their conven-
ience to maximize learning.4,17 Students also had the provi-
sion to attend make-up sessions of training at their
convenience.

A Protected and Optimal Learning Environment

By keeping group sizes small (average of 5 learners and
2.5 facilitators per session) and allowing learning in a
simulated setting with supportive facilitators, the authors
ne learning module focused on a specific topic in transesophageal

t, a video presentation, practice exercises, and a 5-question post-test.



Table 3. Course Goals and Learning Objectives

Module Goal Learning Objectives

Basic Intraoperative

Echo Exam

To be introduced to the basic

intraoperative echo exam

1. Understand and practice how to manipulate the TEE probe.

2. Learn about imaging planes and how they relate to cardiac structures and

anatomic planes.

3. Be able to identify the appropriate level and probe position/multi-plane

angle for obtaining standard images.

4. Recognize some of the basic views and understand their usefulness in

assessing cardiac function.

Probe Position and

Orientation

To become familiar with TEE probe

position and orientation

1. Review techniques, indications, and contraindications for probe placement.

2. Learn about imaging planes and how they relate to cardiac structures and

anatomic planes.

3. Understand and apply techniques for probe and crystal manipulation.

4. Be able to identify the appropriate level and probe position/multi-plane

angle for obtaining standard images.

LV Systolic Function To learn how to assess LV systolic

function

1. Apply qualitative and visual techniques for assessing LV function.

2. Differentiate normal from abnormal LV function.

3. Integrate quantitative techniques into assessment of LV function.

4. Discuss advantages and limitations of different approaches to LV function

assessment.

Wall Motion

Assessment

To begin to learn how to assess wall

motion

1. Identify characteristics of normal wall motion.

2. Define hypokinesis and dyskinesis and differentiate between the two.

3. Contrast the impact of pressure and volume overload on the left ventricle.

4. Select appropriate views to identify wall motion abnormalities.

5. Identify and grade wall motion abnormalities of the left ventricle.

RV and Tricuspid

Valve

To learn how to assess the RV and

tricuspid valve

1. Compare the anatomy and function of the right ventricle to the left ventricle.

2. Apply techniques for assessing right ventricular function, especially TAPSE.

3. Explore echocardiographic views useful in the assessment of right

ventricular structures.

4. Identify normal and abnormal echocardiographic appearances of right

heart structures.

Aortic Valve To learn how to assess the aortic valve 1. Compare and contrast the function and use of continuous-wave and

pulsed-wave Doppler.

2. Select the echocardiographic views useful in assessment of the aortic valve.

3. Integrate information from 2D, Doppler and color-flow exams to assess

aortic stenosis.

4. Integrate information from 2D, Doppler and color-flow exams to assess

aortic insufficiency.

5. Apply the continuity equation to the assessment of aortic valve area.

Mitral Valve To learn how to assess the mitral valve 1. Explain the interplay of anatomy and physiology in mitral valve function.

2. Correctly identify the mechanism of mitral valve regurgitation if presented

a case.

3. Discuss findings associated with mitral stenosis on 2D and color-flow exam.

4. Employ appropriate views for the echocardiographic assessment of the

mitral valve.

5. Recognize the impact of systolic anterior motion on cardiac function.

6. Comment on the AL/PL ratio and CSept distances in regards to suitability

for mitral valve repair.

Hemodynamics To become familiar with basic

hemodynamics

1. Define stroke volume and establish how to calculate it.

2. Define cardiac output and calculate it using Doppler measurements.

3. Understand the continuity equation and how to apply it to calculate

valve areas.

4. Define peak and mean gradients.

5. Explain and apply the modified Bernoulli’s equation to calculations.

6. Practice some basic hemodynamic calculations.

Complete Basic Exam To become more comfortable with the

complete basic exam

1. Recognize the TEE views that comprise the complete basic exam.

2. Understand how to obtain each of the TEE views.

3. Develop a systematic approach for obtaining the TEE views in a smooth

sequence.

4. Identify the importance of each TEE view and understand what information

can be obtained from each view.

Abbreviations: AL, anterior leaflet; CSept, coaptation-Septal distance; LV, left ventricle; PL, posterior leaflet; RV, right ventricle; TAPSE, tricuspid

annular plane excursion; TEE, transesophageal echocardiography.
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Fig 2. Basic transesophageal echocardiography (TEE) exam guide. Students were provided with an online guide for a comprehensive

intraoperative examination. The guide consists of a table with line drawings of all views (left). Students can select a specific view for details

(example on right). The simulator loop was created with a HeartWorks (Inventive Medical Ltd., London, United Kingdom) simulator. Angela

Wang, BA, created the line drawings, and David A. Nicolai, MD, designed the guide.
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optimized the variables in accordance with the humanist
learning theory.2,18 Social learning (learning through obser-
vation) occurred when course facilitators helped to demon-
strate skills to learners. Group learning can be a powerful way
for students to share expertise with each other.14,19,20 An
unanticipated but welcomed aspect of the authors’ small
group sizes was that students consistently taught each other
and provided support and reinforcement of key techniques
and concepts.
Repetition of Concepts and Technical Skills

The authors used web-based modules and interactive
resources to build a framework for the introduction to basic
concepts of echocardiography prior to engaging trainees in
more advanced concepts. The sequence and timing of the web-
based didactics with live sessions was suited ideally to
reinforce priming. Priming, or sequencing, exposes the learner
to the content multiple times, allowing long-term memory to
come into play. During repeated exposures, accessing long-
term memory allows rapid and subconscious utilization of
learned material.21-25 This stands in contrast to applying newly
learned information held in working memory, which requires
active, conscious processing and rapidly is lost.35,13,25,26

Priming has been shown to enhance performance on examina-
tions and fits with several models of cognitive theory as applied
to the learning of complex tasks.15,26,27–30 This stepwise
approach to training for complex tasks also has become popular
and was validated in the training of complex tasks for surgical
trainees.13
Progressive Expectations for Understanding and Skill

Development

The authors’ coursework allowed for a high degree of
interaction and engagement at every stage.30 The small group
reviews at the beginning of each live session allowed for active
manipulation of the content and opportunities for questions and
problem-based discussion. After this time for reflection, the
simulator portion of the live sessions allowed for the oppor-
tunity to solve problems and apply information immediately in
a clinically relevant way. The availability of expert facilitators
during the simulations further helped to cement the relationship
between concepts and manual tasks and enhance reflection
during and after the task through immediate feedback. This
form of education and learning conforms to the constructivist
theory (ie, an understanding through a cycle of doing and
reflecting).3,17,18 According to this theory, learners actively test
conceptualizations and have a new experience that results in a
new “learning cycle.” This perpetual cycle facilitates the
progression of understanding.7,18,31 “Deliberate practice” mod-
els of learning that encourage learner reflection and goal setting
are superior to conventional teaching.32 Interactive approaches
to learning are more likely to lead to changes in clinical
practice, while conventional didactic approaches often fail to
do so.30,33



Fig 3. Changes in probe manipulations. (A) Probe manipulation by a representative trainee after the first training session. (B) Probe

manipulation by the trainee after the fourth training session. In (B) there is more contained probe motion that is more comparable to probe

motion by an expert (C). Metrics software from a VIMEDIX simulator (CAE Healthcare, Montreal, Canada) was used to collect data for these

graphs. Mario E. Montealegre, MD, created the 3-dimensional graphs.

APPROACH FOR TRANSESOPHAGEAL ECHOCARDIOGRAPHIC TEACHING 7



Fig 4. Miller’s hierarchy. Psychologist George E. Miller’s pyramid

represents a framework for learning assessment. Knowing is the

most superficial level while doing or demonstrating an action

suggest proficiency. Adapted from Miller GE. The assessment of

clinical skills/competence/performance. 65:S63-S67, 1990.
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Introduction of Abnormalities After Understanding of

Normal Anatomy and Probe Manipulation Is Achieved

The variation in the 4 simulators somewhat recreated the
variability in clinical situations. The simulation-based teaching
model also allowed for a graduated understanding from normal
anatomy to abnormal anatomy, which must otherwise be
implied during clinical training.34,35 During the first week,
students were introduced to normal anatomy with the simu-
lators. They also began to learn how to manipulate the TEE
probe using the simulators. The simultaneous display of virtual
anatomy, echocardiographic plane, and probe manipulations by
the simulators improved spatial understanding and probe
manipulation skills.34 After learning normal anatomy and probe
manipulation, students were introduced to abnormalities
throughout the course.

Live Learning Sessions That Are Customizable to Meet

Learner Needs and Individualized Proctoring in Skill

Sessions

In the authors’ curriculum, a high facilitator-to-student ratio
allowed for immediate availability of assistance and reinforce-
ment without excessive supervision.1 The facilitator encour-
aged graduated independence, helping the learners to leverage
their knowledge and link it with their technical skills acquis-
ition.13 The authors’ approach of balanced supervision encour-
aged independent exploration while avoiding the frustrations of
repeated failure.13 Strong facilitator involvement and a high
facilitator-to-student ratio were important to provide individu-
alized feedback and real-time skills and concept re-
enforcement. Students routinely rate this as one of the most
valuable aspects of simulation exercises.7,29

Use of Multiple Approaches to Teaching

The structure of the authors’ course took advantage of web-
based, live, and simulator-based teaching approaches that
provided learners with exposure to content in a variety of
complementary venues.

Web-based teaching is ideal when complemented by epi-
sodic teaching of complex concepts, as was the case with their
course.16,17 In their course, the web-based modules introduced
the students to the topics for the live sessions. Complex or
more advanced topics were then discussed in further detail
during the live sessions. Topics in the content outline for the
NBE Basic PTEeXAM not covered online were addressed in
these live sessions.

The web-based modules offered consistent information trans-
mission with a heavy integration of visual learning. The
information transferred via the website was always identical
and not instructor-dependent, ensuring appropriate coverage of
didactic materials. In addition, because echocardiography is an
intensely visual pursuit, the high-quality illustrations, video loops,
and figures in the web-based modules allowed for immersion
with fewer distractions than in a typical classroom setting.1,7-9,14

There is a demonstrated integration between simulator or
interactive learning and live teaching.36,37 During the inter-
active live sessions in the authors’ course, students learned the
applications of the theoretical concepts taught on the website.
The live teaching created a context for the acquisition of
knowledge that helped learners retain and apply their echo
knowledge in clinically relevant scenarios. Furthermore, learn-
ing can be greatly enhanced when students are provided with
opportunities to explore core concepts prior to embarking on
hands-on learning sessions.31 By clarifying points of confusion
just prior to the hands-on simulation sessions, immediate
connections could be reinforced during the simulation sessions
and could further enhance the likelihood of successful trans-
ference of key concepts beyond what was introduced on the
website or during the live teaching.3,14

Hands-on simulation allows for rapid acquisition of techni-
cal skills in a safe and relaxed environment compared with a
clinical environment.7 During the simulation sessions in the
authors’ course, students were able to focus on structures of
interest without time pressure. The progress of the technical
skills of students was monitored with the metrics software in
the simulators (described above in the “Live Sessions” section
under “Final Curriculum”) and compared to those of experts. In
addition, the quality of the images obtained by the students was
compared to the quality of the images obtained by experts.
Similar metrics have been shown to differentiate experts from
novices during endoscopy training.38–40
Regular and Relevant Feedback

Feedback is valuable for the development of skills.13,14,32,41

The authors’ facilitators provided an appropriate mix of
outcome and process feedback. Outcome feedback focuses on
results, whereas process feedback focuses on technique used to
achieve results. In accordance with best practices, novices at an
early stage of the course received more process feedback,
whereas experienced learners or those at the end of the course
were given more outcome feedback.13
Application of Performance and Compliance

Measures

Knowledge acquisition was measured with the online course
pretest and post-test. Early results have indicated significant
gains in knowledge after the course.34,42 Skills acquisition was
measured with the metrics software in the VIMEDIX simu-
lators; the metrics were compared to those of experts. Students’
compliance in completing the web-based modules was moni-
tored with activity logs from Moodle. With a small group of
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students per course, compliance in attending the live sessions
was easily monitored at each session.

CONCLUSION

It is possible to develop and implement an integrated, web-
and-simulation-based curriculum to teach echocardiography
within the structure of an accredited anesthesia residency program
and sustain it over the course of several years. Due to the
increasing importance of echocardiography in anesthesia training,
there is value in the development of such comprehensive educa-
tional programs. Through the application of simulation and web
technologies and sound educational theory, the authors can teach
TEE in an efficient and systematic fashion. Their curriculum was
designed to take advantage of constructivist theory/experiential
learning, priming, interactive teaching, reinforcement, humanism,
and social learning theory to promote a deep understanding of
content and automaticity of skills (ability to perform skills without
conscious thought). Miller’s pyramid suggests that the highest
demonstration of mastery is executing a task (Fig 4).43 Echo
simulation allowed this to happen at each session, and facilitator
interaction and sharing of clinical relevance allowed for increasing
independence and contextualization.18
FUTURE DIRECTIONS

The authors have used the same approaches to develop a
curriculum in transthoracic echocardiography and imple-
mented it in cohorts of cardiology fellows and anesthesia
and surgical intensive care fellows; they are now evaluating
the efficacy in these groups. They are now offering all of these
courses at no charge to anesthesia, emergency medicine,
surgery, internal medicine residents, cardiology fellows, and
critical care fellows and are exploring applications for medical
students. They are sharing their curriculum with multiple
institutions as well.
The authors also have developed an advanced version of
their echo curriculum for several reasons. It allows for more in-
depth treatment of advanced concepts and skills in echocar-
diography, including ultrasound physics and advanced hemo-
dynamic calculations. Rather than being a refresher of
previously acquired skills, the simulation coursework focuses
on using skills to make diagnoses and generate reports using
the simulator system. These higher-level skills require full
mastery of cognitive and technical skills and thus represent a
true simulation of the experience of providing consultative TEE
services. They also take advantage of the latest capabilities of
simulators to simulate pathology and allow entry of reports.

A core goal of the authors’ simulator-based echo training is
the idea of training to automaticity instead of proficiency.
Recent literature suggests that training to automaticity allows
for greater skill transfer.4,44 The metrics from their simulators
showed that students approached expert acquisition patterns
over the course of the 8 live sessions, suggesting that they will
achieve automaticity and will be more able to transfer skills.42

The authors believe that success in this advanced coursework
will demonstrate transferability and predict success at a
consultant level in the clinical setting and on exams of
advanced TEE proficiency, such as the Advanced PTEeXAM.
The authors plan to test these hypotheses in the next phase of
their work.
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