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INTRODUC TION

Transesophageal echocardiography (TEE) is a relatively new 
point-of-care ultrasound (POCUS) modality that is increas-
ingly being used in emergency departments (ED).1 TEE scans 

performed in the ED are most commonly used to assist with 
managing critically ill patients, including those with hemody-
namic instability and cardiac arrest. In these patients, TEE can 
help to identify important causes of shock such as left ventricu-
lar dysfunction, cardiac tamponade, and massive pulmonary em-
bolism.1 Emergency physician–performed TEE has been shown 
to be feasible, can assist with patient diagnosis, and leads to 
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Abstract
Background: Resuscitative clinician-performed transesophageal echocardiography 
(TEE) is a relatively novel ultrasound application; however, optimal teaching methods 
have not been determined. Previous studies have demonstrated that variable practice 
(VP), where practice conditions are changed, may improve learning of procedural skills 
compared with blocked practice (BP), where practice conditions are kept constant. 
We compared VP and BP for teaching resuscitative TEE to emergency medicine resi-
dents using a simulator.
Methods: Emergency medicine residents with no prior TEE experience were rand-
omized to the BP or VP groups. The BP group practiced 10 repetitions of a fixed 
five-view TEE sequence, while the VP group practiced 10 different random five-view 
TEE sequences on a simulator. Participants completed a performance assessment im-
mediately after training and a transfer test 2 weeks after training. Ultrasound images 
and transducer motion metrics were captured by the simulator for blinded analysis. 
The primary outcome was the percentage of successful views on the transfer test.
Results: Twenty-eight participants completed the study (14 in the BP group, 14 in the 
VP group). The BP group had a higher rate of successful views compared with the 
VP group on the transfer test (93.6% vs. 77.6%; p = 0.002). The BP group also had 
higher image quality on a 5-point scale (3.3 vs. 2.9; p = 0.01) and fewer probe angular 
changes (2982.5 degrees vs. 4239.8 degrees; p = 0.04). There were no statistically sig-
nificant differences between the groups for the rate of correct diagnoses, confidence 
level, or scan time.
Conclusions: Practicing a fixed sequence of views was more effective than a variable 
sequence of views for learning resuscitative TEE on a simulator. These results should 
be validated in TEE scans performed in the clinical environment.
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changes in management in a significant proportion of patients.2 
In 2017, the American College of Emergency Physicians intro-
duced practice guidelines for the use of TEE in the ED.3 These 
guidelines acknowledged that TEE has the potential to identify 
life-threatening conditions in the setting of cardiac arrest, where 
traditional transthoracic echocardiography (TTE) may be techni-
cally challenging.

Given the relatively novel aspect of resuscitative TEE, there is 
limited evidence on best practices for teaching this skill to emer-
gency physicians. Unlike most other POCUS applications, teaching 
TEE using healthy volunteers is not practical. It is also not feasible to 
bring large numbers of learners to the operating room to gain experi-
ence. As an alternative, simulation-based training using high-fidelity 
simulators has been shown to be highly effective for teaching re-
suscitative TEE to emergency physicians.4,5 Skills acquired using 
high-fidelity TEE simulators have been shown to translate well into 
real-world scan performance.6

Despite its effectiveness, simulator-based training for TEE is re-
source intensive, often requiring one-on-one instructor and learner 
time. It is therefore important to structure simulator training ses-
sions to maximize efficiency. To date, no studies have compared 
different teaching methods for simulator-based training for resusci-
tative TEE. One factor that can affect learning is whether the prac-
tice is done through repetition of the same steps each time (blocked 
practice) or if the practice conditions are changed with each sub-
sequent attempt (variable practice). While blocked practice can be 
effective at reinforcing learning, it may lead to difficulties when the 
situation requires modifications, which is common with the goal-
directed nature of emergency POCUS.7 The objective of this study 
was to compare blocked and variable practice for teaching emer-
gency medicine residents how to perform resuscitative TEE using a 
high-fidelity simulator.

METHODS

Study design

This was a single-center prospective randomized controlled trial 
using a high-fidelity ultrasound simulator to assess TEE learn-
ing and application. The study was reviewed and approved by the 
local institutional review board. All data were deidentified and kept 
confidential. All participants provided written informed consent to 
participate in the study.

Study setting and population

This study was conducted at an academic health sciences center 
that is a training site for an emergency medicine residency train-
ing program. The hospital is the primary ultrasound training site 
for the residency program and has an active emergency ultra-
sound fellowship program. All emergency medicine residents 

who were on their emergency medicine rotation at the time of 
the study were invited to participate. Inclusion criteria included 
having completed a core and advanced ultrasound rotation that 
includes training in TTE. Exclusion criteria included previous 
training in TEE.

Study protocol

The study flow diagram is outlined in Figure 1. Participants com-
pleted a baseline questionnaire to assess their familiarity with 
TTE and TEE. They then attended a 30-min lecture on emergency 
TEE. The lecture covered the function of the equipment, indi-
cations and contraindications to performing the scan, the scan 
views, and common pathologies. The scan views were presented 
in a unique order that was not used again in the study to avoid 
bias. Following the lecture, participants completed an orientation 
to the simulator. The simulator was a Vimedix ultrasound simula-
tor (CAE Healthcare), which has previously been validated for as-
sessing TEE skill level.8 Participants all completed a baseline skill 

F I G U R E  1 Study flow diagram. TEE, transesophageal 
echocardiography
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assessment consisting of acquiring five TEE views (midesophageal 
four-chamber, midesophageal long axis, bicaval, transgastric short 
axis, descending aorta) once in fixed sequence and once in ran-
dom order. Half of the participants in each group performed the 
fixed sequence first, and the other half performed the random 
sequence first. The view sequences were provided to the partici-
pants by the study staff as they completed the scan. These views 
have previously been shown to be feasible and helpful for guiding 
management in ED patients.2,9

Participants were subsequently randomized into either the vari-
able or blocked practice groups using a random-number generator 
(www.random.org). The blocked practice group completed 10 repe-
titions of the same sequence of five TEE views. The variable practice 
group completed 10 different sequences of five TEE views in ran-
dom order. During this practice period, participants were allowed to 
refer to a reference card. In addition, an instructor provided feed-
back on their scan technique during image acquisition as well as on 
the quality of their final image.

To test skill acquisition, participants completed a posttraining skill 
assessment. This consisted of acquiring two additional sequences of 
the five images, once in fixed sequence and once in random order. 
Due to the potential confounding effect of additional learning during 
the first sequence, half of the participants in each group performed 
the fixed sequence first, and the other half performed the random 
sequence first.

To test knowledge retention, participants returned 2 weeks after 
training for a skill transfer test. They were provided two clinical pa-
tient scenarios and were asked to obtain the best TEE views pos-
sible and provide a diagnosis based on their scan. These scenarios 
included a patient in cardiogenic shock and a patient with a mas-
sive pulmonary embolism. The scans were performed once in a pre-
viously practiced sequence and once in a new random order that 
they had not previously practiced. Half of the participants in each 
group performed the practiced sequence first, and the other half 
performed the random sequence first. Following the transfer test, 
a questionnaire was completed to determine their self-rated confi-
dence in performing TEE.

Measurements and outcomes

Assessment of learning was performed using an Objective 
Structured Assessment of Technical Skills (OSATS) as well as analysis 
of simulator metrics. For the OSATS, the final image for each view 
was captured and stored for subsequent review. The OSATS tool 
was adapted from a previously validated echocardiography scoring 
tool.10 In addition, participants were asked to provide a final diag-
nosis for the two clinical scenarios provided to them. Two expert 
reviewers blinded to the participant data reviewed each scan image 
for quality using an anchored 5-point scale (Appendix S1). A score 
of 3 or higher was defined as an image that could be used for clini-
cal decision-making purposes and was the definition of a successful 
view.

Simulator metrics were automatically recorded for each TEE 
view obtained. Metrics included the number of probe accelerations 
from rest, the total distance the probe traveled, the angular distance 
the probe completed, and the total time spent performing the scan. 
Simulator metrics have previously been shown to be a valid mea-
sure of TEE skill level.11,12 These metrics were exported into an Excel 
spreadsheet (Microsoft Corp.).

The primary outcome of this study was percentage of successful 
views on the transfer test. Secondary outcomes included efficiency 
of motion as determined by simulator metrics, percentage of correct 
patient diagnoses, and confidence levels performing TEE.

Data analysis

We selected an effect size of 1.2 standard deviations (SDs) to be sig-
nificant based on previous procedural skills training literature.13–15 
Using a power of 0.8 and a two-tailed alpha of 0.05, we required 11 
participants in each group. OSATS scores and simulator metrics were 
compared using paired t-tests, and categorical data were compared 
with the chi-square test. Significance was set at an alpha of 0.05.

RESULTS

A total of 33 residents were invited to participate in the study, and 
28 (84.8%) completed the study (14 in the blocked practice, 14 in 
the variable practice groups). Baseline characteristics of the partici-
pants is listed in Table 1. All participants had completed prior train-
ing in bedside TTE. No participants reported having any training in 
TEE, and none had performed a TEE scan prior to the study. Prior to 
training, there were no significant differences in rates of success-
ful views or simulator metrics between the groups. There was no 
significant difference in the time spent practicing the technique on 

TA B L E  1 Baseline characteristics of participants

Blocked practice 
(n = 14)

Variable 
practice (n = 14)

Age (years) 34.3 (±5.5) 31.4 (±2.0)

Women 6 (42.9) 5 (35.7)

Men 8 (57.1) 9 (64.3)

Year of training

PGY-3 3 (21.4) 3 (21.4)

PGY-4 4 (28.6) 2 (14.3)

PGY-5 7 (50.0) 9 (64.3)

Confidence with TTE, 
10-point scale

7.2 (±1.7) 6.5 (±1.5)

Baseline successful 
TEE views (%)

46.4 (±28.7) 52.9 (±28.1)

Note: Data are reported as mean (±SD) or n (%).
Abbreviations: PGY, postgraduate year; TEE, transesophageal 
echocardiography; and TTE, transthoracic echocardiography.

http://www.random.org
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the simulator between the groups (29 min vs 30 min; p = 0.75). No 
participants in either group had any further exposure or practice of 
TEE during the washout period.

Performance on the OSATS

Prior to training, there were no significant differences in success-
ful TEE views between the blocked and variable practice groups 
(46.4%, 95% confidence interval [CI] 31.7%–61.1% vs. 52.8%, 95% 
CI 24.8%–67.5%; p = 0.55). After training, both groups achieved suc-
cessful views in almost every attempt (100%, 95% CI 99.5%–100% 
vs. 97.8%, 95% CI 95.7%–99.9%; p = 0.07). On transfer testing, the 
blocked practice group had a higher rate of successful views than the 
variable practice group (93.6%, 95% CI 89.9%–97.3% vs. 77.6%, 95% 
CI 69.7%–85.4%; p = 0.002; Figure 2).

The mean image score on a 5-point scale was higher in the 
blocked practice group compared with the variable practice group 
(3.3 vs. 2.9; p = 0.01). These results remained consistent for both a 
previously practiced and a novel sequence of TEE views (Table 2). 
There was no significant difference in the proportion of correct 

diagnoses on the simulated patient encounter between the groups 
(78.5% correct in the blocked practice group, 71.4% in the variable 
practice group; p = 0.54).

Performance on simulator metrics

Prior to training, there were no significant differences between the 
groups for any of the efficiency metrics captured by the simulator. On 
transfer testing, the blocked practice group outperformed the variable 
practice group in all four simulator measures of efficiency; however, only 
the number of angular changes reached statistical significance (Table 3). 
The number of probe accelerations from rest, total probe distance trave-
led, and time to complete the scan were all lower in the blocked practice 
group; however, these differences were not statistically significant.

Confidence

There was no significant difference between the groups in self-
reported confidence level for TEE on a 10-point scale (6.5 vs. 5.8; 

F I G U R E  2 Percentage of successful 
views in the blocked practice and variable 
practice groups. Error bars represent 95% 
CIs
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Blocked Practice Variable Practice

Blocked practice 
(n = 14)

Variable practice 
(n = 14) p-value

Successful views (%) 93.6 77.6 0.002

Overall image score (5-point scale)a 3.3 (±0.7) 2.9 (±0.8) 0.01

Image score for novel scan sequence (5-
point scale)a

3.4 (±0.7) 3.0 (±0.8) 0.01

Image score for previously practiced scan 
sequence (5-point scale)a

3.2 (±0.6) 2.9 (±0.9) 0.06

Correct diagnosis (%) 78.5 71.4 0.54

aData are reported as mean (±SD).

TA B L E  2 Results of the Objective 
Structured Assessment of Technical Skills 
(OSATS) on the transfer test
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p = 0.35; Table 4). Similarly, there were no significant differences in 
self-reported confidence for any specific TEE views.

DISCUSSION

In this study, we found that a blocked practice teaching strategy 
outperformed variable practice for teaching TEE to emergency 
medicine residents using a simulator. Participants who practiced the 
same sequence of views each time had a significantly higher rate of 
successful views on a delayed transfer test. These results remained 
consistent even when participants completed a completely novel se-
quence of TEE views. The blocked practice group also demonstrated 
improved efficiency of motion, as evidenced by better scores on 
simulator motion metrics and shorter time to completion of the scan. 
Both groups exhibited similar levels of confidence after the training 
period.

Clinician-performed focused TEE is emerging as a potentially 
useful tool for managing critically ill patients. TEE can provide 
valuable information on the presence of important findings such 
as left ventricular dysfunction, right ventricular dilation, regional 
wall motion abnormalities, pericardial effusion, and aortic dissec-
tion. In unstable patients, the ability to quickly rule in and rule out 
these conditions can save time and expedite management for life-
threatening diagnoses. In contrast to conventional TTE, TEE is able 
to generate higher quality images and the transducer can be left 
in place to help monitor the resuscitation in real time. TEE is not 
affected by common barriers to TTE such as large body habitus, 
hyperinflated lungs, and subcutaneous emphysema. Studies have 
shown that after a brief training session, emergency physicians are 
able to learn a simplified focused TEE protocol and use it to guide 
resuscitation in the ED.1

One of the challenges associated with implementing TEE in the 
ED is how best to train emergency physicians on performing this 
technique. Simulator-based training has been shown to be highly 

effective for teaching TEE; however, there is a lack of data to guide 
how to use this technology most efficiently. Traditionally, an elec-
tive comprehensive TEE is performed using a sequence of different 
views completed in a specific order. However, unlike elective TEE 
scans, focused resuscitative TEE scans performed in the ED are goal 
directed, and views may be obtained in varying orders depending 
on the clinician's suspicion of pathology. It is therefore possible that 
learning the different views in a variable order may promote reten-
tion of skills for focused TEE scans.

There is evidence that introducing variability into the practice 
method may have a positive effect on learning and facilitate trans-
fer to new clinical situations. In a landmark study of 72 participants, 
Shea et al.16 compared random and blocked practice methods for 
learning and retention of three motor skills. They found that on a 
transfer test 10 days later, the random practice group outperformed 
the blocked practice group, with the effect being most pronounced 
for more complex transfer tasks. They reasoned that random prac-
tice created a more difficult learning environment, which forced the 
participants to use multiple processing strategies during the learning 
process, leading to better skill performance and retention. Hatala 
et al.17 evaluated the effect of mixed practice compared with blocked 
practice on electrocardiogram (ECG) learning by medical students. 
Students who practiced using a broad variety of ECGs outperformed 
those who practiced using multiple examples of similar ECGs.

Other studies have not found a benefit to a variable practice 
strategy for learning and retention. Drummond et al.18 compared 
fixed and variable practice for teaching pediatric asthma scenarios to 
85 medical students. In that randomized trial, they found no differ-
ences between the groups in performance on long-term retention of 
skills. Rivard et al.15 randomized 36 medical students and residents 
to blocked or random practice for laparoscopic surgical tasks. They 
found no difference between the groups on retention test perfor-
mance and hand motion metrics analysis.

Some studies have found a benefit to a blocked practice strategy 
over variable practice. Tofil et al. randomized 23 pediatric residents 

Blocked practice 
(n = 14)

Variable practice 
(n = 14) p-value

Number of accelerations from rest 292.5 (±126.6) 352.5 (±157.6) 0.12

Total probe distance traveled (cm) 149.2 (±87.9) 208.1 (±146.2) 0.07

Total angular changes (degrees) 2982.5 (±1752.5) 4239.8 (±2769.7) 0.04

Time to complete scan (sec) 171.6 (±51.5) 196.1 (±68.1) 0.16

Note: Data are reported as mean (±SD).

TA B L E  3 Results from simulator 
metrics on the transfer test

Blocked practice 
(n = 14)

Variable practice 
(n = 14) p-value

Baseline confidence in TEE 1.1 (±0.3) 1.0 (±0) 0.15

Confidence after training session 7.4 (±1.4) 6.6 (±2.1) 0.28

Confidence after transfer test 6.5 (±1.9) 5.8 (±1.8) 0.35

Note: Data are reported as mean (±SD).
Abbreviation: TEE, transesophageal echocardiography.

TA B L E  4 Confidence in performing 
TEE on 10-point scale
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to repeated practice of a single patient clinical scenario versus mixed 
scenarios.7 They found that the repeated practice group demon-
strated improved performance for tasks in similar patient scenarios. 
Brydges et al.19 evaluated the effect of variable practice on learn-
ing a specific orthopedic procedure. They found a trend toward im-
proved performance using variable practice; however, performance 
was higher in the blocked practice group on a delayed transfer test.

The results from our study show that practicing a fixed block of 
TEE views leads to improved performance on subsequent scans, in-
cluding on never-before practiced sequences of views. These results 
may be explained due to a mastery learning effect, where repetition 
of the same steps allows for a rapid achievement of competency. 
Mastery learning has been shown to be effective for a wide vari-
ety of technical skills including thoracentesis, lumbar puncture, and 
central venous access.20–22 In these studies, the same steps are re-
peated until competency is achieved. It is likely that in the variable 
group, the practice conditions were changed before mastery was 
achieved, leading to worse performance on the transfer test. The 
TEE probe manipulations required are relatively new in emergency 
medicine, and it is likely that the complexity of the skill leads itself to 
favor repetition over variation.

LIMITATIONS

This study has several important limitations. Residents who agreed 
to participate were likely those who were more motivated to learn 
TEE, leading to a potential for selection bias. However, participants 
appeared to have similar baseline characteristics in each study group. 
Due to limited resident availability, we were only able to assess skill 
retention 2 weeks after training. We therefore do not know if these 
results would remain consistent after a longer washout period. Our 
sample size of 28 participants was small; however, we had adequate 
power to detect an effect size of 1.2 in this study. Finally, this study 
was conducted on a simulator; therefore, we cannot comment on 
whether these findings translate into real-world scan performance. 
However, previous studies have demonstrated that performance 
on this simulator translates well into scan performance on actual 
patients.

CONCLUSIONS

When training emergency physicians how to perform TEE scans on 
a simulator, repeating a fixed sequence of views appears to be su-
perior to practicing variable sequences of views. A fixed sequence 
strategy resulted in higher image quality and increased probe effi-
ciency on delayed transfer testing. Future larger studies using real-
world scans are needed to validate these results.
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