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Abstract

OBJECTIVE: Transthoracic echocardiography (TTE) is important in the management of 

critically ill patients, yet it has not been incorporated into many residency programs’ curricula. 

Our objective is to determine if trainees undergoing a 60-minute training session on TTE have 

improved knowledge, ultrasound skills, and increases the utilization of TTE during their rotation 

in the intensive care unit (ICU). We will also compare the results of participants with prior TTE 

exposure to TTE-naïve trainees. Our hypothesis is that after the training, participants’ will have 

improved knowledge and ultrasound skills compared to before training. Our secondary hypotheses 

are that TTE-naïve trainees will have greater improvements in knowledge scores compared to 

those who have had prior TTE experience and trainees will increase their use of TTE in the ICU.

DESIGN: Single-center, prospective trial.

SETTING: Brigham and Women’s Hospital (academic hospital).

PARTICIPANTS: Residents and fellows rotating through the ICU, at any level of postgraduate 

training.

RESULTS: Forty-two trainees participated in the study. Statistically significant improvement 

after training was observed for all multiple choice questions (MCQ) and practical assessments 
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(p < 0.001). When assessing the differences in score improvement between TTE-experienced 

versus TTE-naïve users, mean score improvements were notably higher for TTE-naïve participants 

(MCQ: 28.2 ± 11.6; echo clinical: 48.6 ± 23.4) compared to TTE-experienced users (MCQ: 18.6 ± 

13.5, p = 0.01; echo clinical: 38.3 ± 30.2, p = 0.04).

CONCLUSIONS: A short didactic presentation on TTE use may be useful in teaching ICU 

trainees basic TTE skills and encouraging the use of bedside TTE in the ICU.
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INTRODUCTION

Bedside transthoracic echocardiography (TTE) is an easy and noninvasive tool which is 

useful in evaluating intensive care unit (ICU) patients.1 It may be used to assess volume 

status and predict fluid responsiveness by measuring the inferior vena cava (IVC) diameter 

and respirophasic changes (caval index),1–3 determine the cause of hemodynamic failure, 

and distinguish between different shock states.4–6 Early echocardiography-guided therapy 

in shock is associated with improved survival, decreased rates of acute kidney injury, 

more days free of renal replacement therapy, less fluid administration, and increased 

inotrope use.7 TTE can be used to assist in making diagnoses and optimizing ICU patient 

management.8–12 However, TTE training is not universally incorporated in all residency 

or critical care training programs. TTE training is incorporated into all U.S. emergency 

medicine residency programs and is tested on their board examinations. It is unknown what 

percentage of surgical residency and critical care programs integrate bedside TTE education 

into their curriculum. Recent surveys demonstrated only 27.5% of anesthesiology residency 

programs had some form of ultrasound education,13 and only 46% anesthesiology critical 

care fellowships had a dedicated ultrasound curriculum.14 There is a need to incorporate 

ultrasound education into residency and ICU training programs. Previous studies have 

demonstrated that it is possible to teach personnel, who have no prior echocardiography 

experience, to perform and accurately interpret TTE cardiac views and fluid status.2,15 

Ultrasound use in the ICU may be taught in a time-efficient manner through a concise 

curriculum.16

Although previous studies have examined TTE training and curricula in training programs, 

one of the most common barriers to implementing TTE education is time. Few studies have 

evaluated the impact of a brief training tutorial on TTE education. We have reviewed the 

literature and summarized studies comparing various course durations and assessment of 

trainee skills which can be found in Supplemental Table 1. Our goal was to assess the effect 

of a short didactic training session on trainees’ TTE skills and knowledge. We hypothesized 

that after basic TTE training, participants would improve their TTE knowledge and skills, 

as demonstrated by an increase in their scores on posttraining multiple choice questions 

(MCQs) and practical TTE examinations. Our secondary hypothesis was that trainees who 

never used TTE before (TTE-naïve group), would have a greater degree of improvement 

in knowledge and TTE skills after training, compared to trainees who had previous TTE 
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experience. Furthermore, we believed that after the training, participants would utilize TTE 

more during their ICU rotation to guide patient management.

MATERIALS AND METHODS

This study was approved by the Brigham and Women’s Hospital Institutional Review Board 

(protocol # 2016P000171). The authors followed the appropriate EQUATOR guidelines.

This was a prospective, single-center, observational study redateg the effect of a 60-minute 

TTE didactic and hands-on session on TTE knowledge and skills of ICU trainees. We 

further compared the results of participants with no prior TTE education (n = 17), to those 

with prior TTE experience (n = 14). Consent was inferred when participants completed a 

pretraining survey. They were evaluated on their general TTE knowledge and clinical TTE 

examination performance on an ICU patient before and after a teaching session on TTE.

The target sample size for study participants was ≥20; this number was decided upon 

based on similar studies performed in the past.2,15,17–20 No a priori sample size calculation 

was performed. Inclusion criteria included ICU residents and fellows, at any level of 

training (i.e., postgraduate year-1 [PGY-1] and above), in any sub-specialty training 

program (i.e., surgery, emergency medicine, anesthesiology, pulmonary critical care, etc.). 

Medical students were excluded due to a short rotation course (i.e., 2-week ICU rotation) 

and difficulty scheduling posttraining test. Participants with previous echocardiography 

experience were included. Only trainees rotating through the thoracic, burn/trauma, and 

surgical ICUs were asked to participate in the study; participation was voluntary. Forty-two 

residents and fellows were enrolled in the study.

Participants completed a pretraining survey assessing their prior TTE experience and 

knowledge at the beginning of their ICU rotation. They also completed an 18-question 

multiple-choice test on TTE views, anatomy, and interpretation (Appendix A). Participants 

also performed a pretraining practical TTE examination (Appendix B) on an ICU patient 

who required a bedside ultrasound as part of routine care. The clinical TTE examination 

was only performed on those ICU patients who would have required a TTE on that day 

by an ICU team member regardless of the study; patients in whom a TTE evaluation was 

not clinically indicated were not considered for TTE examination by a trainee. Patient 

written consent was not required, and their consent to the TTE examination by a trainee was 

verbally obtained from the patient or their family. Patient information was not collected, nor 

were their images stored, to maintain anonymity. The practical TTE examination was graded 

by 1 of the 3 authors (C.M.K., M.T.H., M.S.E.), who were experienced sonographers who 

received TTE training, but were not certified.

Skills tested in the practical examination are shown in Appendix C. Participants had to show 

the subxiphoid IVC, parasternal long axis, and apical 4 chamber views; they had 2 minutes 

to demonstrate each view. This time restriction was chosen because it was previously used 

in a similar study.3 The instructors subjectively determined the adequacy and quality of 

the image window. Participants were not allowed to ask the instructor questions, and were 

not given guidance on how to obtain the specific views. The practical test score ranged 
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from 0 to 35 points. After the pretraining practical examination, the instructors reviewed the 

examination with them and performed a 30-minute TTE tutorial. All participants performed 

the TTE examination using a Sonosite M-Turbo ultrasound machine with a P21, 1 to 5 mHz 

phased-array cardiac transducer (Sonosite Inc., Bothell, WA).

Additionally, all the participants were given a 30-minute PowerPoint lecture on TTE use and 

knowledge (including Focused Assessed Transthoracic Echocardiography [FATE] protocol 

views).21 The training was provided by one of the 3 authors. Participants were encouraged 

to use TTE at least once daily; this could have been done unsupervised or under the 

supervision of the ICU fellow or attending. At least 1 week after training, the trainees were 

asked to perform a post-training practical TTE examination on an ICU patient, a MCQ test, 

and a posttraining survey. The practical TTE and MCQ tests asked the same questions as the 

pretest but were arranged in a different order.

Statistical Analysis

Summary statistics on pretraining and posttraining survey responses are represented as N 
(%). Normality of the MCQ and practical TTE examination score outcomes were assessed 

graphically and by Kolmogorov-Smirnov tests.22 MCQ test and clinical TTE examination 

score outcomes are expressed as mean ± standard deviation, whereas the practical TTE 

examination time outcomes are expressed as median inter-quartile range. Paired t-tests and 

Wilcoxon signed rank tests were utilized as appropriate to compare participants’ test scores 

before and after the training intervention.22

Since participants with and without prior TTE experience were not expected to be equivalent 

on pretraining scores, a second analysis was performed using analysis of covariance. 

Differences in improvement scores were tested between participants with and without prior 

exposure to TTE, controlling for pretraining scores to adjust for differences in baseline. 

Differences in improvement scores for TTE exposure groups by pretraining scores were 

tested by including an interaction term in the model. Improvement scores were computed 

as post – pre for the MCQ and clinical TTE examination and pre – post for the practical 

TTE examination in order to represent improvement as positive values. Since the time-to 

outcomes (time to show IVC subxiphoid view, measure IVC diameter, show parasternal 

long axis view, and show apical 4 chamber) were not normally distributed, log-transformed 

values were calculated and tested for normality. However, since log-transformed values 

continued to be nonnormal, a rank-based analysis of covariance was utilized for these 

time-to outcomes.23 If participants were unable to complete a task during the practical 

examination, the maximum time allotted for the task (120 sec) was assigned to prevent bias 

due to non-ignorable missing data. The significance level was set to 0.05. All statistical 

analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

In total, 42 participants were enrolled in the study, of which, 31 participants (18 residents 

and 13 fellows) completed the study in its entirety. The median postgraduate training years 

of the participants was PGY-3. Table 1 summarizes the presurvey responses. The mean 

time between training and posttraining assessment was 3 weeks. Statistically significant 
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improvement after training was observed for all MCQ and practical TTE assessments (p < 

0.001) (Table 2). The mean improvement for the MCQ and the TTE practical were 22.9% 

and 42.9%, respectively (Fig. 1A and B). Time to show each TTE view improved by 30, 

85, 56, and 55 seconds for time to show IVC subxiphoid view, measure IVC diameter, show 

parasternal long axis view, and show apical 4 chamber, respectively (Fig. 2A and B).

Further analysis was performed to assess the differences in improvement scores by 

participants’ prior TTE experience. In the presurvey, 17 participants reported prior TTE 

experience, whereas 14 did not. Mean improvement scores were notably higher for 

TTE-naïve participants (MCQ: 28.2 ± 11.6; echo clinical: 48.6 ± 23.4) compared to 

TTE-experienced participants (MCQ: 18.6 ± 13.5; echo clinical: 38.3 ± 30.2), and these 

differences were statistically significant after adjusting for differences in pretraining scores 

(MCQ: p = 0.01; echo clinical: p = 0.04). Compared to those without TTE experience, 

participants with TTE experience who scored poorly on their pretest demonstrated a greater 

mean improvement in their MCQ scores while those already starting out with a high 

pretraining MCQ score did not display as much improvement (interaction p = 0.02; Fig. 

2A). A similar trend was observed for the clinical examination, but difference did not reach 

statistical significance (interaction p = 0.07; Fig. 2B).

For the TTE practical, mean improvements in the time to perform the required task 

was greater for the TTE-naïve group compared to the TTE-experienced group. However, 

after adjusting for differences in pretraining times, these differences were not statistically 

significant. No evidence of differences in mean improvement scores by TTE experience and 

pretraining times were noted for these outcomes (Table 3).

One outlier was noted for the TTE practical-time to show parasternal long axis view; this 

particular participant had a significantly longer time to show this view on their posttraining 

skills test compared to their pretraining time. The longer time was attributed to the body 

habitus and underlying pathology of the patient being examined on the posttraining test; 

obtaining views on this patient were challenging. Likely, the patient scanned for the pretest 

had a more ideal body habitus. A sensitivity analysis was conducted by re-running the 

models without the outlier. The change in time from pretraining to posttraining retained its 

significance (from Table 2) and the effect of the prior TTE experience on time improvement 

remained insignificant (from Table 3). Thus, we conclude that the outlier did not influence 

the models statistics.

All the participants reported an increase in TTE use after the training but before the last 

practical TTE examination; most (61%) reported that they used it 1 to 5 times after they 

received the training (Table 4). Twenty-two participants (71%) found the training to be very 

helpful, and 24 (77.4%) stated they were very likely to use TTE in the future. Results of the 

posttraining survey are reported in Table 5.

DISCUSSION

This study demonstrates that a short ultrasound didactic session and tutorial may be 

helpful in teaching TTE to ICU trainees, as participants had a significant improvement 
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on their MCQ and clinical TTE tests, and increased TTE use in the ICU. The training 

helped participants correctly identify structures and assess patient fluid status to guide fluid 

management using TTE. Furthermore, TTE-naïve participants had statistically significant 

greater improvements on their test scores as compared to TTE-experienced trainees. 

However, the improvement in the times to show each specific TTE view was similar for 

both groups. This suggests a short education session may be helpful in teaching TTE-naïve 

trainees basic TTE skills to a level where their skill set is comparable to a group with more 

TTE experience. This cannot, however, be interpreted as TTE skill proficiency.

Similarly, previous studies demonstrated that TTE imaging and interpretation are easy to 

teach to trainees with minimal training.24 Rebel et al. evaluated the TTE skills of 30 

anesthesiology residents after they received education through a 15-minute video-based 

instruction session. They performed various TTE examinations in 6 different objective 

structured clinical examination stations. Although there was no structured training for 

abdominal ultrasound, over 67% of participants correctly identified and interpreted the IVC 

diameter respirophasic changes.24 Studies evaluating short training point-of-care ultrasound 

(PoCUS) curricula (ranging from 45 min to 3 h), found it improved image acquisition 

skills, interpretation of findings, and knowledge of trainees.2,25,26 One study demonstrated 

that a training course improved TTE skills and knowledge to the same degree regardless 

of professional training background and experience level with critical care ultrasound.27 

Although the improvement in knowledge and TTE skills of trainees after short training 

sessions are promising, further studies are warranted to determine if shorter-length curricula 

are as effective as longer curricula programs, and if they result in long-term skill and 

knowledge retention and TTE proficiency. Furthermore, the effectiveness of the type of 

educational modality used in ultrasound training merits further investigation.

Although several medical societies recommend trainees should achieve competency in 

critical care ultrasound, there are numerous barriers to ultrasound education, including 

a deficient amount of time for training.14 Our results suggest that ultrasound education 

might be accomplished in a short amount of time, resulting in an improvement in trainee 

knowledge and echocardiography skills. Our subjective findings were that the course 

encouraged trainees to use ultrasound, improved their ability to correctly identify structures, 

and encouraged trainees to use ultrasound appropriately to assess fluid status to help guide 

fluid management. Considering the challenges of didactic instructors,’ model volunteers,’ 

and trainees’ busy schedules, a short training lecture and hands-on tutorial may be an 

effective method to teach ultrasonography to trainees. Our results do not suggest that our 

trainees were proficient in basic TTE after the short training course; future studies evaluating 

TTE proficiency are required. Furthermore, additional studies evaluating how ultrasound 

training impacts patient management and outcomes may also be beneficial.

Study advantages included using real ICU patients to perform the ultrasonography practical 

tests allowed participants to experience the challenges and non-idealized circumstances 

often encountered when performing bedside ultrasound in the ICU. The fact that we 

demonstrated an improvement in TTE examination scores in this setting, suggests that TTE 

may be effectively taught on nonideal, real-world patients. In clinical practice, participants 

will be examining these patients, and not standardized mannequins or healthy volunteers 
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with ideal body habitus. Additionally, the time to posttest clinical evaluation ranged from 

1 to 8 weeks posttraining, in contrast to other studies which performed posttest evaluation 

either immediately after training or <1 week after training.15,24,25,28,29 A comparison of 

studies is shown in Supplemental Table 1.

The limitations of this study included the use of non-standardized patients, the use of both 

spontaneously breathing and mechanically ventilated patients, variable follow-up times to 

posttraining assessments, nonstandardized teaching among the authors (although attempted 

by using one PowerPoint presentation), the authors performing the training and assessment 

of the participants were not officially certified in bedside TTE, small sample size and lack 

of a priori sample size calculation, and lack of eligible patients who required ultrasound. 

Thirty-one out of 42 participants rotating through the ICU who underwent TTE and fluid 

assessment training completed the study in its entirety. Reasons for not completing the study 

were most commonly that residents or fellows finished the ICU rotation without completing 

posttraining examinations or surveys. Due to scheduling conflicts, we could not complete all 

the residents′ posttraining examinations.

Furthermore, this single-group pre-post design is limited by the lack of a control group. We 

cannot conclude that the improvement in scores from pretraining did not improve due to 

the effect of taking the same test twice or the effect of normal maturation. Since different 

patients with varying body habitus were used between trainees and between pretraining and 

posttraining assessments, we cannot be sure that the times improved because of the training 

and not because the pretest conditions were more difficult than the posttest. Additionally, 

several ICU attendings may have provided additional TTE education and training after the 

training session, which could have contributed to some trainees’ improved performance. 

Participants who received prior TTE education may also confound the results. Finally, bias 

resulting from regression to the mean or the natural change that may occur due to time 

should not be overlooked.

CONCLUSIONS

This study demonstrated that a 60-minute TTE training session for ICU trainees resulted 

in improved knowledge and TTE skills. TTE-naïve trainees scored better on their post-tests 

after training compared to TTE-experienced trainees. Furthermore, the training encouraged 

trainees to use TTE more in the ICU. This time-efficient teaching modality may be 

beneficial to integrate TTE education into residency and critical care fellowship curricula, 

however, more studies are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
(A) Pretraining and posttraining multiple choice question and clinical ultrasound exam 

scores. (B) Pretraining and posttraining practical ultrasound examination times to show 

views.
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FIGURE 2. 
(A) MCQ improvements by pretraining scores. (B) Echo clinical improvement by 

pretraining scores.
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TABLE 1.

Pretraining Survey Responses

Question Number of Respondents N (%)

Training

 Resident 18(58.1%)

 Fellow 13(41.9%)

Specialty

 Anesthesia 19(61.3%)

 Surgery 7(22.6%)

 EM 2(6.5%)

 Pulmonary 2(6.5%)

 OB/GYN 1(2.3%)

Prior use of TTE to assess fluid status?

 Yes 17(54.8%)

 No 14(45.2%)

What do you use to assess fluid status?

 Ultrasound 17(22.1%)

 CVP 16(20.8%)

 SVV 22(28.6%)

 PLR 14(18.2%)

 UOP 3(3.9%)

 Physical examination 3(3.9%)

 BUN/CR ratio 2(2.6%)

Do you have a dedicated TTE curriculum in your residency training?

 Yes 6(19.4%)

 No 25(80.7%)

What isyourPGYlevel?

 1 2(6.5%)

 2 9(29.0%)

 3 5(16.1%)

 4 3(9.9%)

 5 9(29.0%)

 6 2(6.5%)

 12 1(3.2%)

BUN/Cr, blood urea nitrogen/creatinine; CVP, central venous pressure; EM, emergency medicine; OB/GYN, obstetrics/gynecology; PLR, passive 
leg raise; SVV, stroke volume variation; UOP, urine output.
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TABLE 4.

TTE Use Pretraining and Posttraining

Question Number of Respondents N (%)

Times used TTE for fluid assessment in past year(from pretraining survey)

0 13 (41.9%)

1 to 5 7 (22.6%)

6 to 10 4 (12.9%)

11 to 19 2 (6.5%)

>20 5 (16.1%)

Times used TTE for fluid assessment after training (from posttraining survey)

0 0

1 to 5 19 (61.3%)

6 to 10 8 (25.8%)

11 to 19 2 (6.5%)

>20 2 (6.5%)
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TABLE 5.

Posttraining Survey Responses

Question Number of Respondents N (%)

Did performing TTE impact patient management?

 Yes 28 (90.3%)

 No 2 (6.5%)

 No response 1 (3.2%)

Any barriers to performing TTE?

 Yes 9 (29.0%)

 No 22 (71.0%)

 No response 0

Any barriers to fluid management?

 Yes 2 (6.5%)

 No 28 (90.3%)

 No response 1 (3.2%)

How helpful was the training*?

 1 2 (6.5%)

 2 7 (22.6%)

 3 22 (71.0%)

After training, how likely are you to use TTE
†
?

 1 0

 2 7 (22.6%)

 3 24 (77.4%)

After training, what is your comfort level performing and

interpreting TTE
‡
?

 1 1 (3.2%)

 2 22 (71.0%)

 3 8 (25.8%)

*
1—Not helpful, 2—Somewhat helpful, and 3—Very helpful.

†
0—Does not apply to my field, 1—Unlikely, 2—Somewhat likely, and 3—Very likely.

‡
1—Poor, 2—Somewhat comfortable, and 3—Very comfortable.
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