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ABSTRACT
Background: Standardized training via simulation as an educational adjunct may lead to a more rapid and complete skill
achievement. The authors hypothesized that simulation training will also enhance performance in transesophageal echocardiography image acquisition among anesthesia residents.
Methods: A total of 42 clinical anesthesia residents were randomized to one of two groups: a control group, which received
traditional didactic training, and a simulator group, whose training used a transesophageal echocardiography–mannequin
simulator. Each participating resident was directed to obtain 10 commonly used standard views on an anesthetized patient
under attending supervision. Each of the 10 selected echocardiographic views were evaluated on a grading scale of 0 to 10,
according to predetermined criteria. The effect of the intervention was assessed by using a linear mixed model implemented in
SAS 9.3 (SAS Institute Inc., Cary, NC).
Results: Residents in the simulation group obtained significantly higher-quality images with a mean total image quality score
of 83 (95% CI, 74 to 92) versus the control group score of 67 (95% CI, 58 to 76); P = 0.016. On average, 71% (95% CI, 58
to 85) of images acquired by each resident in the simulator group were acceptable for clinical use compared with 48% (95%
CI, 35 to 62) in the control; P = 0.021. Additionally, the mean difference in score between training groups was the greatest for
the clinical anesthesia-1 residents (difference 24; P = 0.031; n = 7 per group) and for those with no previous transesophageal
echocardiography experience (difference 26; P = 0.005; simulator n = 13; control n = 11).
Conclusion: Simulation-based transesophageal echocardiography education enhances image acquisition skills in
anesthesiology residents. (Anesthesiology 2014; 120:149-59)

T

HE clinical impact of perioperative transesophageal
echocardiography (TEE) is well documented.1 The
American Society of Anesthesiologists and the Society of
Cardiovascular Anesthesiologists emphasize TEE training at
all levels; however, translation of this training in residency
programs is highly variable. A multitude of barriers continue
to limit TEE education, including time constraints in the
operating room, a limited number of appropriate cases, and
a lack of experienced teaching faculty. The art of echocardiographic image acquisition requires a complex interaction
of knowledge in physics, anatomy, and physiology, along
with repetitive supervised hands-on experience. Typically,
TEE skill acquisition occurs in real time in the operating
room while caring for a patient. When used as an educational adjunct, standardized TEE simulation training in a
virtual reality environment may lead to a more rapid development of psychomotor skills. Further, simulation training
in TEE before patient exposure may enhance patient safety
or comfort.2 Studies have shown that simulation-based
medical education is superior to the conventional didactic

What We Already Know about This Topic
• Simulation has previously been shown to enhance development of cognitive skills in transesophageal echocardiography

What This Article Tells Us That Is New
• This study showed that mannequin-based transesophageal
echocardiography simulation training was superior to conventional didactic training on acquisition of good-quality echocardiographic images in patients by residents in training

system.3,4 There is only a handful of trials that address the
benefits of simulation-based echocardiography teaching in
anesthesia.5,6 Previous work in TEE simulation has been
limited to the demonstration of enhanced cognitive skill
acquisition.5 We hypothesized that simulation training will
also enhance performance in TEE image acquisition among
anesthesia residents. Our study is novel in that it is the first
to compare mannequin-based TEE simulation training
with conventional training on practical skills in obtaining
echocardiographic images in actual patients.
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Materials and Methods

echocardiographic anatomy, clinical correlation, and standard
imaging views. Test scores were assessed to verify that there was
no significant difference in baseline TEE knowledge between
the two groups. Demographic data, previous TEE experience,
as well as variables potentially affecting technical skills (past
use of videogames, handedness, and type of internship training) were collected via a Web-based questionnaire.

Study Population
This prospective randomized study was conducted at University of North Carolina Hospitals. Anesthesiology residents in
the clinical anesthesia (CA) years 1 to 3 (n = 42) were eligible
to participate in this study. The residents were sent e-mails
regarding the specifics of the study and were offered a compensation of meal tickets for participation. Institutional Review
Board (Chapel Hill, NC) approval was obtained before beginning the study. After informed consent, 42 residents (CA-1,
n = 14; CA-2, n = 14; CA-3, n = 14) with varied TEE
experience were enrolled. None of the participants had previous exposure to mannequin-based TEE simulation training.
Residents from each training class were randomized to one of
two groups: a control group, which received traditional didactic training, and a simulator group, whose training used a TEE
mannequin simulator (fig. 1). Upon enrollment, each resident
was assigned a unique identification number, which was used
in randomization procedures and data collection forms. An
independent statistician performed group allocation by computer-generated randomization, stratified by CA year.

Training
Residents completed individual TEE training sessions according to their assigned group. Both groups received approximately
45 min of didactic training. Teaching sessions were moderated by one of four TEE-certified (National Board of Echocardiography) faculty members. Both groups were instructed
on echocardiographic anatomy and techniques for acquiring
the 20 basic TEE views.7 The educational sessions in the two
groups differed only in the method of instruction. The control group’s traditional didactic session was taught using PowerPoint (Microsoft Corporation, Redmond, WA). It included
instruction on probe manipulation for image acquisition with
anatomic correlates. They were shown video clips of each of
the 20 standard views with a demonstration of the echocardiographic planes on an anatomical heart model (fig. 2). The
simulator group’s hands-on didactic session centered upon
the use of a mannequin-based TEE Simulator (Heartworks;
Inventive Medical Ltd., London, United Kingdom). Residents
in this group, under faculty guidance, acquired each of the 20

Baseline Assessment
All residents took a written TEE baseline knowledge test,
which consisted of 30 multiple-choice questions. The test
covered concepts such as basic principles of ultrasound,

Fig. 1. Flowchart of transesophageal echocardiography (TEE) training sessions and skills assessment.
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Fig. 2. Example of instructional material presented to the traditional/didactic group using Microsoft PowerPoint. The instructional PowerPoint presentation covered basic transesophageal echocardiography (TEE) probe manipulation as well as schematics and video clips of the 20 standard American Society of Echocardiography TEE views. (A) Midesophageal four-chamber view
schematic, illustrating the appropriate multiplane angle and relevant echocardiographic anatomy. (B) A still image from a video
clip of the midesophageal four-chamber view. (C) Transgastric mid short-axis view schematic, illustrating the appropriate multiplane angle and relevant echocardiographic anatomy. (D) A still image from a video clip of the transgastric mid short-axis view.
(E) Anatomical model of the heart (original SOMSO model, with permission from SOMSO Modelle, Coburg, Germany) used to
demonstrate imaging planes and anatomical correlates in the control group. IAS = interatrial septum; LA = left atrium; LV = left
ventricle; ME-4 chamber = midesophageal four-chamber view; MV = mitral valve, Pap mm = papillary muscle; RA = right atrium;
RV = right ventricle; TG-MID SAX = transgastric mid short-axis view; TV = tricuspid valve.

method of instruction. This session was also led by one of the
four study instructors, according to scheduling availability.

standard views on the simulator. This included a demonstration of the imaging planes corresponding to each view on the
three-dimensional heart model built into the software (fig. 3).
For independent study, both groups were given a link to a Webbased TEE simulation system* and a copy of the American
Society of Echocardiography/Society of Cardiovascular Anesthesiologists guidelines,7 which review standard TEE views.
The simulator group had the option of using the TEE simulator under faculty guidance in their free time, whereas the control group had the option of reviewing the PowerPoint slides
with a faculty member. Participants were asked to keep track
of the time they spent on independent study, which included
reviewing the material provided as well as practicing on the
simulator or PowerPoint under faculty supervision, depending
on their respective study group assignment.
TEE evaluations were conducted within 1 week of didactic instruction whereby each resident was expected to obtain
10 preselected standard views on an actual patient (table 1).
If more than a week had elapsed before their intraoperative patient-based examination, the residents underwent a
25 to 30 min repeat teaching session. This was to address
the knowledge lapses in short-term recall due to the time
gap and was intended as a recapitulation of what they had
already been taught. The repeat session was identical to the
initial session with regard to the material covered and the

Data Acquisition
Each participating resident was assigned to a nonemergent
cardiac case in which intraoperative TEE was clinically indicated. Ten commonly used standard views were preselected for
this study (table 1). To standardize for interpatient anatomical variability and technical difficulty in obtaining images, a
TEE-certified attending anesthesiologist first obtained the 10
specified views for each patient. The attending anesthesiologist
ascertained that all 10 views were obtainable before inviting
the participating resident into the operating room. The resident then attempted to obtain the same 10 views. For patient
safety purposes, the residents were supervised by the anesthesiologist at all times, but did not receive any feedback or assistance while obtaining the views. A maximum of two residents
were permitted to perform TEE exams on a given patient. The
images acquired by the resident and the attending were stored
for future offline analysis. Residents were not given a time
limit but were aware that the total time they took to obtain the
views was being recorded. All patient, resident, and attending
identifiers were removed from the stored images for confidentiality as well as blinding for future offline grading.
Image Evaluation and Grading
To our knowledge, there has only been one previous study that
has evaluated TEE simulators as a teaching tool.5 That study

* “TEE Views Module,” Toronto General Hospital Department of
Anesthesia. Available at: http://pie.med.utoronto.ca/TEE/. Accessed
September 4, 2013.
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whereby each of the 10 selected echocardiographic views was
evaluated on a scale of 0 to 10 according to predetermined
criteria, which included: imaging angle, overall clarity, and
visualization of three major anatomic structures pertinent to
each view (tables 1 and 2 and fig. 4). Each of the 10 views
obtained by the resident as well as by the faculty anesthesiologist was independently graded by three TEE-certified cardiac
anesthesiologists. The evaluators were blinded to the identity
of the patient, resident, and faculty member being evaluated.
An overall score was calculated for each resident and the corresponding attending anesthesiologist. Each view could receive
a maximum score of 10 and each study a maximum score of
100. We defined a difference of 1SD between the mean scores
among the two groups as a minimal meaningful impact of the
study intervention. Additionally, each view with a score of 8 or
greater was determined to be acceptable for clinical use.
Statistical Analysis
Baseline characteristics of the residents were compared
between two study groups by using a Fisher exact test (for
categorical variables) or a t test (for continuous variables).
Because each image was graded by three independent
experts, the average of the three scores was calculated for
each view and for each study. Before the rest of the studies
were graded, the interrater reliability of the scoring system
was first assessed by using the grades from nine randomly
selected studies. An intraclass correlation coefficient (ICC)
using an absolute agreement definition for average measures
suggested by McGraw and Wong8 was calculated by using
PASW Statistics 18 (SPSS Inc., 2009, Chicago, IL):

Fig. 3. Example of instructional material presented to the
simulation group using the Heartworks TEE Simulator (with
permission from Inventive Medical LTD, London, United
Kingdom). The simulation instruction covered basic transesophageal echocardiography (TEE) probe manipulation and
hands-on image acquisition of the 20 standard American Society of Echocardiography TEE views. This included a demonstration of the imaging planes and anatomical correlates
on the three-dimensional heart model built into the software.
(A) A two-dimensional TEE still image of the midesophageal
four-chamber view demonstrating probe position in relation
to the three-dimensional heart model and the corresponding
multiplane angle. (B) A two-dimensional TEE still image of the
transgastric mid short-axis view demonstrating probe position in relation to the three-dimensional heart model and the
corresponding multiplane angle.

ICC ( A, K ) =

MSR + MSE
MSC − MSE (1)
MSR +
n

where MSR = mean square for rows (“subjects”); MSE = mean
square error; MSC = mean square for columns (“judges”);
n = number of subjects (resident participants); k = number
of judges. A 95% CI for ICC coefficient was calculated using
a formula for ICC (A, k) provided by McGraw and Wong8

focused on the assessment of cognitive skills and anatomical
knowledge rather than on the quality of images obtained.
As such, there are no standardized grading scales to assess
the quality of acquired views. We devised a grading system

Table 1. Views Acquired in TEE Skills Evaluation with Anatomic Structures Scored
Standard TEE Views
ME ascending aorta short-axis
ME four-chamber
ME two-chamber
ME aortic valve long-axis
ME aortic valve short axis
ME right ventricle inflow-outflow
ME bicaval
TG midpapillary short axis
TG two-chamber
Deep TG long-axis

Anatomic Structures
SVC
LA
LA
LA
LCC
RV free wall
IAS
Ant Pap
Ant wall
LV

Asc Ao
LV
LV
LV
RCC
RVOT
Cava
Post Pap
Inf wall
MV

PA
RV
MV
AV
NCC
TV
RA
LV
Chordae
AV

Ant = anterior; Asc Ao = ascending aorta; AV = aortic valve; IAS = interatrial septum; Inf = inferior; LA = left atrium; LCC = left coronary cusp; LV = left ventricle; ME = midesophageal; MV = mitral valve, NCC = noncoronary cusp; PA = pulmonary artery; Pap = papillary muscle; Post = posterior; RA = right atrium;
RCC = right coronary cusp; RV = right ventricle; RVOT = right ventricular outflow tract; SVC = superior vena cava; TEE = transesophageal echocardiography;
TG = transgastric; TV = tricuspid valve.
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Table 2. TEE Image Scoring System Used in the Study
Anatomy*
Angle
Out of range = 0
Within range = 2

Overall clarity
Poor = 0
Acceptable = 1
Excellent = 2

Structure 1

Structure 2

Not visible = 0
Visible with fair clarity = 1
Visible with good clarity = 2

Not visible = 0
Visible with fair clarity = 1
Visible with good clarity = 2

Structure 3
Not visible = 0
Visible with fair clarity = 1
Visible with good clarity = 2

* Anatomic structures correspond to those listed in table 1.
TEE = transesophageal echocardiography.

Fig. 4. Examples of the scoring system illustrating high and low scoring images by three independent evaluators. Three independent evaluators could give each image a maximum score of 10 points (2 points for each criterion listed). The scores for each
criterion were averaged and then added to obtain a total average score. (A) A still image from a video clip of the midesophageal
ascending aorta short-axis view obtained by a resident participant. This image received a total average score of 10. (B) A still
image from a video clip of the midesophageal ascending aorta short-axis view obtained by a resident participant. This image
received a total average score of 2.33. Asc Ao = ascending aorta; ME-Asc Ao SAX = midesophageal ascending aorta short-axis
view; PA = pulmonary artery; SVC = superior vena cava.

and implemented in PASW Statistics 18. The ICC was then
recalculated using the score data from all participants.
The effect of the intervention was assessed using a linear
mixed model implemented in SAS 9.3 (SAS Institute Inc., Cary,
NC). To account for the fact that on some patients TEE studies
were performed by two residents, the correlations between such
measurements within each patient were controlled for by specifying random effects for intercept in mixed models. P values
less than 0.05 were considered statistically significant.
A power calculation was performed assuming a normal distribution of the image quality scores in each study
group and an α = 0.05, for mean differences between
groups = 0.75, 1.0, 1.5, and 2.0 SDs. A total of 42 subjects
(21 in each group) provides sufficient power (0.89) to detect
a mean difference of 1.0 SD between the study groups. A
mean difference of 1.0 SD between the image quality scores
Anesthesiology 2014; 120:149-59
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is deemed to be a minimal meaningful effect in this educational intervention. Therefore, the study was sufficiently
powered to detect the difference in the mean image scores.

Results
A total of 42 residents (14 from each training year) was
approached to be included in this study. All 42 residents
agreed to participate in the study and were randomized into
the simulator or control group, with an equal number in
each group. There was no difference between the simulator
and control groups with regard to age, sex, and training year
(table 3). No significant differences between the study groups
were found in terms of baseline TEE knowledge scores, intraining examination percentile scores, optional self-study
time, and the number of didactic sessions before testing
(table 3). The control group consisted of more residents
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Table 3. Demographic and Training Characteristics of the Study Participants
Simulator Group (n = 21)

Control Group (n = 21)

P Value*

31 (27–39)
60 (30–97)
53 (1–88)

31 (28–40)
62 (30–93)
64 (14–96)

0.85
0.75
0.17
0.16

12
9

9
12

7
7
7

7
7
7

13
5
3

11
1
9

19
2
5 (0–14)
46 (0–120)

13
8
2 (0–8)
31 (0–120)

Age (yr), mean (range)
Baseline TEE knowledge score, mean (range)
ITE percentile, mean (range)
Sex, n
 Male
 Female
Training level, n
 CA-1
 CA-2
 CA-3
Past TEE training, n
 0 weeks
 2 weeks
 4 weeks
N of residents who had
 One TEE session
 Two TEE sessions
Days from didactic session, mean (range)
Minutes of self-study, mean (range)

1.0

0.13

0.067

0.017
0.20

* t test or Fisher exact test.
CA = clinical anesthesia; ITE = in-training exam; TEE = transesophageal echocardiography.

Table 4. Image Quality of Patient-based TEE Examination

Overall score
 ME Asc Ao SAX
 ME 4-chamber
 ME 2-chamber
 ME AV LAX
 ME AV SAX
 ME RV inflow–outflow
 ME bicaval
 TG midpapillary SAX
 TG 2-chamber
 Deep TG LAX
Avg acceptable images per exam (%)*

Sim Group Score
(n = 21) (95% CI)

Cntrl Group Score
(n = 21) (95% CI)

Mean Difference
(Sim minus Cntrl)

P Value

83 (74–92)
8.1 (6.6–9.6)
8.5 (7.6–9.4)
8.8 (7.6–10.0)
7.7 (6.3–9.0)
8.6 (7.5–9.7)
8.6 (7.2–9.2)
8.8 (7.2–10.0)
7.3 (6.0–8.7)
7.7 (6.2–9.1)
8.4 (6.8–9.9)
71 (58–85)

67 (58–76)
6.9 (4.4–7.4)
8.6 (7.7–9.6)
7.6 (6.4–8.9)
7.2 (5.8–8.5)
7.0 (5.9–8.1)
6.5 (5.1–7.8)
6.0 (4.4–7.7)
6.7 (5.4–8.1)
5.7 (4.3–7.2)
5.4 (3.9–7.0)
48 (35–62)

16
1.2
−0.1
1.2
0.5
1.6
2.1
2.8
0.6
2.0
3.0
23.0

0.016
0.037
0.80
0.13
0.40
0.049
0.037
0.025
0.40
0.054
0.014
0.021

* An image was deemed “acceptable” for clinical use if it received a score of eight or higher.
Asc Ao = ascending aorta; AV = aortic valve; Avg = average; Cntrl = control; LAX = long-axis view; ME = midesophageal; RV = right ventricle; SAX = shortaxis view; Sim = simulation; TEE = transesophageal echocardiography; TG = transgastric.

with previous TEE experience. The average time from residents’ last didactic session to their examination was not equal
between the groups, 5 (range, 0 to14) days in simulator versus
2 (range, 0 to 8) days in the control group (t test; P = 0.017).
Before scoring all the obtained views, the interrater reliability of the grading scale was assessed by using nine randomly selected studies. There was a significant correlation
between the scores for the TEE studies evaluated by the three
independent blinded graders, with pairwise Pearson correlations greater than 0.95. Calculation of the ICC (ICC = 0.98;
95% CI, 0.89 to 0.99) using all collected data demonstrated
an excellent reliability of the grading scale.
Results from patient-based testing are summarized in
table 4 and figure 5. Residents in the simulation group obtained
Anesthesiology 2014; 120:149-59
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significantly higher-quality images, with a mean total image
quality score of 83 (95% CI, 74 to 92) versus 67 (95% CI, 58
to 76) in the control group (P = 0.016). A breakdown of image
quality by views showed that the simulator group obtained a
higher score for every view with the exception of the midesophageal four-chamber view. On average, 71% (95% CI, 58 to
85) of images acquired by each resident in the simulator group
were acceptable for clinical use compared with 48% (95% CI,
35 to 62) in the control group (P = 0.021) (table 4 and fig. 5).
No difference was demonstrated between groups with respect
to the time required to complete the examination (10 min
[95% CI, 7 to 13] in both groups; P = 0.92).
To control for patient-specific variables, such as exam difficulty, we also looked at the adjusted scores. The adjusted
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Fig. 5. Percentage of acceptable images per resident by study group. Left: percentage of acceptable images per exam obtained
by all study participants (n = 42); mean 48% in control group versus 71% in simulator group; P = 0.021. Right: percentage
of acceptable images per exam obtained by residents with no previous transesophageal echocardiography (TEE) experience
(n = 24); mean 30% in control group versus 62% in simulator group; P = 0.038. Boxplots indicate minimum, maximum, median,
lower, and upper quartiles. Crosses (+) indicate the mean for each group.
Table 5. Image Quality of Patient-based TEE Examination, Calculated as Attending–Resident Score Difference
Attending–Resident Image Quality Score Difference
Simulation Group (n = 21)
(95% CI)

Control Group (n = 21)
(95% CI)

Absolute
Score Diff btw Groups

P Value

11 (2–21)
1.1 (−0.4 to 2.6)
1.0 (0.1–1.8)
1.1 (−0.1 to 2.4)
1.1 (−0.4 to 2.6)
0.9 (−0.3 to 2.1)
0.8 (–0.4 to 2.1)
0.8 (−0.8 to 2.4)
2.3 (0.9–3.7)
1.6 (0.1–3.1)
1.3 (−0.2 to 2.7)

26 (17–36)
3.5 (2.0–5.0)
0.9 (0.0–1.7)
2.1 (0.8–3.3)
1.7 (0.2–3.1)
2.8 (1.6–3.9)
2.6 (1.4–3.9)
3.5 (1.9–5.1)
2.5 (1.1–4.0)
3.3 (1.8–4.8)
3.4 (1.9–4.9)

15
2.4
0.1
1.0
0.6
1.9
1.8
2.7
0.2
1.7
2.1

0.027
0.031
0.88
0.24
0.37
0.031
0.052
0.023
0.75
0.088
0.014

Overall score
 ME Asc Ao SAX
 ME 4-chamber
 ME 2-chamber
 ME AV LAX
 ME AV SAX
 ME RV inflow–outflow
 ME bicaval
 TG midpapillary SAX
 TG 2-chamber
 Deep TG LAX

A lower attending–resident quality-score difference is more desirable than a higher quality-score difference. The “Absolute Score Difference between
Groups” represents the difference in average image quality scores between the simulator and the control groups.
Asc Ao = ascending aorta; AV = aortic valve; btw = between; Diff = difference; LAX = long-axis view; ME = midesophageal; RV = right ventricle, SAX = shortaxis view; TEE = transesophageal echocardiography; TG = transgastric.

scores were obtained by subtracting resident scores from the
attending scores, for each view on the same patient, in both
the simulation and the control group (table 5). The average adjusted score was significantly lower for the simulation
group (mean 11 units) as compared with that of the control
group (mean 26 units), a 15-point difference (P = 0.027).
This was similar to the 16-point overall score difference
between the groups when attending scores were not taken
into account. Therefore, incorporating the attending score
into our analyses had no effect on the results. In other words,
the simulation group outperformed the control group to the
same extent with either method of analysis. It is also notable
Anesthesiology 2014; 120:149-59
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that image quality scores were substantially higher (paired
t test; P < 0.001) among attendings (mean ± SD: 94 ± 4; range,
83 to 99) than among residents (75 ± 20; range, 21 to 99).
Multiple demographic variables were assessed for association with exam performance, as summarized in figure 5 and
tables 6 and 7. A breakdown of TEE examination performance by training level and previous TEE experience showed
that the difference in score between groups was the greatest
for the CA-1 residents and for those with no previous TEE
training. These differences were statistically significant (table
7). The percentage of acceptable images per study showed the
greatest difference between groups for those with no previous
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Table 6. Association of Demographic Variables with TEE Image Quality Score

Played video-games in childhood, h/week

Currently plays videogames
CA level

Previous TEE experience

Sex
Arm dominance
Internship type

<3 h/week
3–6 h/week
>6 h/week
No response
No
Yes
CA1
CA2
CA3
None
1 week
2 weeks
4 weeks
Female
Male
Left
Right
Anesthesia
Medicine
Surgical
Transitional

n

Mean Image Score (SEM)

P Value

16
8
12
6
31
11
14
14
14
24
1
14
3
21
21
3
39
30
3
6
3

79 (69–89)
82 (68–96)
66 (55–78)

0.15

76 (69–83)
71 (59–83)
63 (54–73)
76 (66–85)
85 (75–95)
67 (60–75)
71 (35–100)
84 (74–93)
95 (74–100)
77 (69–86)
72 (63–81)
75 (52–98)
75 (68–81)
75 (67–82)
76 (52–99)
79 (62–95)
65 (41–89)

0.50
0.011

0.018

0.37
0.98
0.82

CA = clinical anesthesia; TEE = transesophageal echocardiography.

Table 7. Performance of the Simulator and Control Groups by Training Level and Previous TEE Experience
Difference in Total Score
(Simulator Minus Control)

Training level

Previous TEE training (weeks)

CA1
CA2
CA3
None
One to four

Difference in %
Acceptable Images
(Simulator Minus Control)

Mean (95% CI)

P Value

Mean (95% CI)

P Value

24 (3–46)
19 (−3 to 40)
9 (−13 to 31)
26 (12–40)
10 (−7 to 27)

0.031
0.074
0.350
0.005
0.194

23 (−7 to 53)
34 (4–64)
16 (−14 to 46)
32 (11–53)
21 (−4 to 45)

0.107
0.032
0.235
0.010
0.086

The table shows the mean difference in the average image quality score and the percentage of acceptable images obtained by the simulator group over the
control group (simulator group average score minus control group average score).
CA = clinical anesthesia; TEE = transesophageal echocardiography.

Discussion

TEE experience (fig. 5 and table 7); when assessed by training
level, the CA-2 residents demonstrated the greatest difference
between groups in percentage of acceptable images. Table 6
illustrates that image quality increased steadily with training level (mean image score CA-1, 64; CA-2, 76; CA-3, 88;
P = 0.009), and with previous TEE experience (mean image
score 0 weeks TEE experience, 67; 1 week experience, 71; 2
weeks experience, 87; 4 weeks experience, 95; P = 0.014).
Other variables analyzed, including video game use, handedness, sex, and internship type, did not demonstrate a statistically significant association with residents’ image quality
score. The Pearson correlation coefficient demonstrates a
positive association between written pretest score and image
quality (r = 0.48; P = 0.001), and a nonsignificant negative
association between average time per patient-based exam and
image quality (r = −0.25; P = 0.116).
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The results of this study show that a 45-min hands-on didactic session using a mannequin-based TEE simulator substantially improved the ability of residents to obtain 10 standard
TEE views with better quality and anatomic accuracy than
their traditionally trained counterparts. The simulationtrained group outperformed their peers on all but 1 of the
10 views tested. The most marked beneficial effect of the
simulation training was demonstrated in obtaining the midesophageal right ventricular inflow–outflow, midesophageal
bicaval, and deep transgastric views, in which image quality
increased between 2.1 and 3 points on a 0 to 10 point scale.
This improvement in quality occurred despite no difference
in time required for image acquisition. Our results affirm
that simulation-based education in TEE enhances the acquisition of technical skills associated with this procedure.
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Few studies have investigated the usefulness of mannequin-based echocardiographic simulators in residency training. No studies to our knowledge have assessed the transfer
of skills from TEE or transthoracic echocardiography (TTE)
mannequin-based simulation training to actual patients in
the operating room. A recent study by Neelankavil et al.6
showed that mannequin-based simulators are more effective
than traditional methods for cognitive and technical components of TTE training, as assessed by written tests and
image acquisition on human volunteers. The simulationbased TTE-trained residents performed better at TTE image
acquisition, overall TTE efficiency, and identification of
echocardiographic anatomy than their traditionally trained
counterparts. Bose et al.5 published the only investigation
assessing the utility of mannequin-based TEE training. In
that study, the simulator-trained group performed substantially better than their counterparts in the cognitive aspects
of TEE when evaluated by written testing. The study did not
assess technical skill performance in the clinical setting.
To our knowledge, ours is the first prospective randomized
study comparing mannequin-based TEE simulation training
with traditional TEE teaching methods as assessed by intraoperative performance of residents on actual patients. Our data
indicate that simulator-based TEE training is more effective
than conventional methods. The simulation group outperformed the control group with regard to both metrics assessed:
image quality and percentage of acceptable images acquired.
A short 45-min training session resulted in direct and measurable benefits. This finding supports the adoption of mannequin-based TEE simulation training into residency education.
Although not statistically significant, simulation also appeared
to have a positive effect on resident initiative for self-study.
Our data showed that image quality had a positive correlation with TEE pretest scores, previous TEE experience, and
clinical anesthesia training year. When analyzed by training
level, the simulation-trained CA-1 residents demonstrated
the largest difference in overall image score as compared with
controls. Similarly, when analyzed by previous TEE experience, the simulation-trained residents with no previous
TEE training demonstrated the most substantial increase in
percentage of acceptable images acquired as compared with
controls. This suggests that simulation training may have the
greatest impact when implemented early in the learning process. Currently, interns and CA1 residents in most anesthesiology programs have minimal to no TEE education built
into their curriculum. On the basis of the results of our study,
we postulate that perhaps adding TEE simulation early on in
residency training may help achieve TEE proficiency in an
expedited fashion. With this rapid acquisition of basic skills
by using early simulation training, it is possible that “near
perfect” TEE image acquisition may happen sooner in this
group of residents. Having developed basic psychomotor
skills before patient contact, learners could invest their limited time on the refinement of imaging techniques associated
with the subtleties of anatomical variability amongst patients.
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It may also help focus more on patient safety rather than on
learning the basics of image acquisition.
Basic competency in TEE is now a central and expected
component of contemporary anesthesiology training.9,10 However, resident work-hour restrictions and variable intraoperative
availability of appropriate cases limit the training opportunities
during residency. Obtaining skills in basic TEE is possible in
some programs with suitable training and clinical opportunity.
Typically, expertise in perioperative TEE is only possible with
fellowship training. Similar constraints have affected other
fields including surgery, pediatrics, interventional radiology,
cardiology, obstetrics and gynecology, orthopedics, and emergency medicine.11 This has led the medical community to
increasingly embrace simulation-based training as a means to
circumvent logistical dilemmas, to standardize training, and to
improve both resident education and patient safety. Moreover,
many argue that trainees must obtain a higher level of technical skill before performing a procedure on a patient.12 Simulation training aids the development of technical skills such
that when confronted in the clinical setting, the trainee can
concentrate more on the cognitive aspects of the task at hand.13
A recent study by Sturm et al.14 demonstrated that procedural
skills gained by simulation training in laparoscopic cholecystectomy and colonoscopy correlated with significant improvement in patient safety and operating-room efficiency.
TEE is not without risks, as the procedure may cause serious, and rarely, fatal complications.7 The learning curve to
obtaining proficiency in TEE is achieved by repetition of psychomotor and technical skills. This was indeed observed in
our study, whereby simulator-trained residents who had the
opportunity to practice on a life-like model before testing,
outperformed their peers in the technical aspects. Whether
the addition of simulation in TEE training translates into
reduced complication rates and better patient outcomes is
yet to be evaluated.
A potential limitation of this study was the difference in
time between initial training sessions and evaluations, which
was an average of 3 days more for the simulation group as
compared with the controls. The longer gap between the
simulation group’s training and testing may have negatively
impacted the residents’ short-term recall and the overall score.
However, this could have also provided them with additional
time to study and practice. Similarly, residents with substantial
time lags (>1 week) between their initial training session and
the patient-based evaluation received a second didactic session.
It was assumed that this discrepancy would be evenly dispersed
between the two groups. However, the control group had 23%
more residents complete an additional didactic session than the
simulation group, which could have placed them at an unfair
advantage. Further, the residents were randomized to groups
by training level to control for variations in TEE experience.
Despite this, the control group contained 29% more residents
with 4 weeks of TEE training and 10% fewer residents with
no TEE experience. Also, the average in-training examination
score was 11 points higher for the control group. These factors
157

Ferrero et al.

Simulation in Transesophageal Echocardiography

likely decreased the magnitude of positive impact that simulation training had on resident performance.
Standardized patients were not used for this study, as this
would have posed challenges from a logistical and ethical standpoint. Accordingly, we controlled for patient variability by
using the adjusted score for each graded component, whereby
the attending anesthesiologists’ score was incorporated into
our analysis. However, as explained in Results, the results were
similar when analyzed with or without the adjusted scores,
indicating that patients with technically difficult exams were
likely evenly distributed across both groups. Also adding to the
validity of this study is the strong correlation of image quality
score with CA level and with previous TEE experience (table
6). Due to the paucity of investigational reports and standardized grading methods,15 we devised our own grading system
to assess image quality. In order to validate our grading system
the interrater reliability of the grading scale was assessed using
nine random studies. It is possible that a more robust grading
system could further enhance scoring consistency.
Although it is impossible to completely eliminate subtle differences in teaching styles among individual instructors due to
the “human factor” being an integral part of the teaching process, we tried to minimize it by selecting instructors with similar
teaching skills. Each of the four instructors were fellowshiptrained in cardiac anesthesiology, certified in Advanced Perioperative TEE by the National Board of Echocardiography, and
had been a past recipient of at least one teaching award. Two of
the four instructors had greater than 10 yr of teaching experience, and the other two had 3 to 5 yr of teaching experience.
As is typical in a busy residency program, the instructor assignments were allotted according to daily scheduling availability.
Of a total of 51 teaching sessions (nine residents had two sessions), the control group had 14 sessions with senior instructors
and 14 with junior instructors, whereas the simulator group had
11 sessions with senior instructors and 12 sessions with junior
instructors (chi-square test; P = 1.0). Therefore the distribution
of instructors according to teaching experience was distributed
evenly between the two groups. It would be difficult to quantify
whether some instructors were more engaged with one method
of teaching over the other. However, at the time of this study,
our department had recently acquired the simulator, hence all
four instructors were in their infancy of developing teaching
styles for simulator training, but had well-established styles for
traditional PowerPoint teaching. Thus, bias was likely to be in
favor of the traditional teaching method, which each instructor
had been comfortable and familiar with for years.
In conclusion, our results suggest that simulation-based
training in TEE education enhances the acquisition of technical skills with the greatest impact when implemented early
in anesthesia training. Additional aspects of mannequin-based
TEE simulator education could be analyzed, such as its efficacy in teaching cardiac anatomy and its utility in the diagnosis
of uncommon pathologic states. Our study may be modified to assess long-term retention of TEE skills by repeating
written and practical examinations. Further standardization
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could be achieved by requiring all residents to spend an equal
amount of time dedicated to independent study. It remains to
be determined whether an increase in the duration or number of didactic sessions may magnify the effect that simulation training has on technical TEE skills. Additional studies
are warranted to explore whether the use of TEE simulation
in residency training could translate to clinical benefits and
enhanced patient safety. Future studies could be designed to
determine the average number and duration of TEE simulation sessions needed by a novice in order to become proficient. This information could be used to design a curriculum
for junior residents to help them obtain basic imaging skills
before their first contact with a real patient, hence expedite
their learning curve. It could also help determine how many
simulation hours may be needed to train or certify anesthesiologists who may be interested in acquiring this skill set.

Acknowledgments
The authors thank all the clinical anesthesia residents at the
University of North Carolina, Chapel Hill, North Carolina, for
volunteering to participate in this study.
Support was provided solely from institutional and/or
departmental sources.

Competing Interests
The authors declare no competing interests.

Correspondence
Address correspondence to Dr. Kumar: Associate Professor,
Department of Anesthesiology, The University of North
Carolina at Chapel Hill, N2198 UNC Hospitals CB 7010, Chapel Hill, North Carolina 27599-7010. pkumar@aims.unc.edu.
Information on purchasing reprints may be found at www.
anesthesiology.org or on the masthead page at the beginning of this issue. Anesthesiology’s articles are made freely
accessible to all readers, for personal use only, 6 months
from the cover date of the issue.

References
1. Guarracino F, Baldassarri R: Transesophageal echocardiography in the OR and ICU. Minerva Anestesiol 2009; 75:518–29
2. Graber MA, Wyatt C, Kasparek L, Xu Y: Does simulator training for medical students change patient opinions and attitudes toward medical student procedures in the emergency
department? Acad Emerg Med 2005; 12:635–9
3. McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne
DB: Does simulation-based medical education with deliberate practice yield better results than traditional clinical education? A meta-analytic comparative review of the evidence.
Acad Med 2011; 86:706–11
4. Frost DW, Cavalcanti RB, Toubassi D: Instruction using a
high-fidelity cardiopulmonary simulator improves examination skills and resource allocation in family medicine trainees. Simul Healthc 2011; 6:278–83
5. Bose RR, Matyal R, Warraich HJ, Summers J, Subramaniam
B, Mitchell J, Panzica PJ, Shahul S, Mahmood F: Utility of a
transesophageal echocardiographic simulator as a teaching
tool. J Cardiothorac Vasc Anesth 2011; 25:212–5
6. Neelankavil J, Howard-Quijano K, Hsieh TC, Ramsingh
D, Scovotti JC, Chua JH, Ho JK, Mahajan A: Transthoracic
158

Ferrero et al.

Education

7.

8.
9.

10.

echocardiography simulation is an efficient method to train
anesthesiologists in basic transthoracic echocardiography
skills. Anesth Analg 2012; 115:1042–51
Shanewise JS, Cheung AT, Aronson S, Stewart WJ, Weiss RL,
Mark JB, Savage RM, Sears-Rogan P, Mathew JP, Quiñones
MA, Cahalan MK, Savino JS: ASE/SCA guidelines for performing a comprehensive intraoperative multiplane transesophageal echocardiography examination: Recommendations
of the American Society of Echocardiography Council
for Intraoperative Echocardiography and the Society of
Cardiovascular Anesthesiologists Task Force for Certification
in Perioperative Transesophageal Echocardiography. Anesth
Analg 1999; 89:870–84
McGraw KO, Wong SP: Forming inferences about some intraclass correlation coefficients. Psychol Methods 1996; 1:30–46
Mahmood F, Christie A, Matyal R: Transesophageal echocardiography and noncardiac surgery. Semin Cardiothorac Vasc
Anesth 2008; 12:265–89
Schulmeyer MC, Santelices E, Vega R, Schmied S: Impact of
intraoperative transesophageal echocardiography during

11.

12.

13.

14.

15.

noncardiac surgery. J Cardiothorac Vasc Anesth 2006; 20:
768–71
Matyal R, Bose R, Warraich H, Shahul S, Ratcliff S, Panzica
P, Mahmood F: Transthoracic echocardiographic simulator:
Normal and the abnormal. J Cardiothorac Vasc Anesth 2011;
25:177–81
Niazi AU, Haldipur N, Prasad AG, Chan VW: Ultrasoundguided regional anesthesia performance in the early learning
period: Effect of simulation training. Reg Anesth Pain Med
2012; 37:51–4
Castanelli DJ: The rise of simulation in technical skills teaching and the implications for training novices in anaesthesia.
Anaesth Intensive Care 2009; 37:903–10
Sturm LP, Windsor JA, Cosman PH, Cregan P, Hewett PJ,
Maddern GJ: A systematic review of skills transfer after surgical simulation training. Ann Surg 2008; 248:166–79
Frederiksen CA, Juhl-Olsen P, Nielsen DG, Eika B, Sloth
E: Limited intervention improves technical skill in focus
assessed transthoracic echocardiography among novice
examiners. BMC Med Educ 2012; 12:65

ANESTHESIOLOGY REFLECTIONS FROM THE WOOD LIBRARY-MUSEUM

Professor Ralph Waters’ Hickman Medal

In London in April of 1944, the Royal Society of Medicine awarded its fourth Hickman Medal, to Professor Ralph
M. Waters of the University of Wisconsin. Waters had founded one of the world’s premiere academic departments
of anesthesiology. His Hickman Medal features the visage of carbon dioxide’s “suspended animation” pioneer,
Henry Hill Hickman, on the obverse (high right) and the female form of “Anaesthesia, Victrix Dolorum” on the
reverse. Ironically, Hickman was famous clinically for using carbon dioxide; Waters, for removing it. (Copyright © the
American Society of Anesthesiologists, Inc.)
George S. Bause, M.D., M.P.H., Honorary Curator, ASA’s Wood Library-Museum of Anesthesiology, Park Ridge,
Illinois, and Clinical Associate Professor, Case Western Reserve University, Cleveland, Ohio. UJYC@aol.com.
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