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Abstract

Purpose Limited data exist on advanced critical care

echocardiography (CCE) training programs for

intensivists. We sought to describe a longitudinal

echocardiography program and investigate the effect of

distributed conditional supervision vs predefined en-bloc

supervision, as well as the effect of an optional

echocardiography laboratory rotation, on learners’

engagement.

Methods In this mixed methods study, we enrolled critical

care fellows and faculty from five University of Toronto-

affiliated intensive care units (ICU) between July 2015 and

July 2018 in an advanced training program, comprising

theoretical lectures and practical sessions. After the first

year, the program was modified with changes to

supervision model and inclusion of a rotation in the echo

laboratory. We conducted semistructured interviews and

investigated the effects of curricular changes on progress

toward portfolio completion (150 transthoracic

echocardiograms) using a Bayesian framework.

Results Sixty-five learners were enrolled and 18 were

interviewed. Four (9%) learners completed the portfolio.

Learners reported lack of time and supervision, and skill

complexity as the main barriers to practicing

independently. Conditional supervision was associated

with a higher rate of submitting unsupervised

echocardiograms than unconditional supervision (rate

ratio, 1.11, 95% credible interval, 1.08 to 1.14). After

rotation in the echocardiography laboratory, submission of

unsupervised echocardiograms decreased.

Conclusion Trainees perceived lack of time and limited

access to supervision as major barriers to course

completion. Nevertheless, successful portfolio completionSupplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s12630-
022-02281-6.
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was related to factors other than protected time in the

echocardiography laboratory or unconditional direct

supervision in ICU. Further research is needed to better

understand the factors promoting success of CCE training

programs.

Résumé

Objectif Il n’existe que peu de données sur les

programmes de formation avancés en échocardiographie

pour les soins intensifs (écho-USI) destinés aux

intensivistes. Nous avons cherché à décrire un

programme longitudinal d’échocardiographie et à étudier

l’effet d’une supervision conditionnelle distribuée vs une

supervision prédéfinie en bloc, ainsi que l’effet d’une

rotation facultative en laboratoire d’échocardiographie,

sur le niveau d’implication des apprenants.

Méthode Dans cette étude à méthodes mixtes, nous avons

recruté des fellows en soins intensifs et des professeurs de

cinq unités de soins intensifs (USI) affiliées à l’Université

de Toronto entre juillet 2015 et juillet 2018 pour participer

à un programme de formation avancée comprenant des

conférences théoriques et des séances pratiques. Après la

première année, le programme a été modifié en apportant

des changements au modèle de supervision et en incluant

une rotation dans le laboratoire d’écho. Nous avons mené

des entretiens semi-structurés et étudié les effets des

changements du programme d’études sur les progrès vers

la réussite de la formation (150 échocardiogrammes

transthoraciques) en utilisant un cadre bayésien.

Résultats Soixante-cinq apprenants étaient inscrits et 18

ont été interviewés. Quatre (9 %) apprenants ont complété

la formation. Les apprenants ont signalé que le manque de

temps et de supervision ainsi que la complexité des

compétences constituaient les principaux obstacles à une

pratique autonome. La supervision conditionnelle était

associée à un taux plus élevé de soumission

d’échocardiogrammes non supervisés que la supervision

inconditionnelle (ratio de taux, 1,11, intervalle crédible à

95 %, 1,08 à 1,14). Après la rotation dans le laboratoire

d’échocardiographie, la soumission d’échocardiogrammes

non supervisés a diminué.

Conclusion Les stagiaires ont perçu le manque de temps

et l’accès limité à la supervision comme des obstacles

majeurs à la réussite de la formation. Néanmoins,

l’achèvement du cours était lié à des facteurs autres que

le temps protégé au laboratoire d’échocardiographie ou la

supervision directe inconditionnelle aux soins intensifs.

D’autres recherches sont nécessaires pour mieux

comprendre les facteurs favorisant le succès des

programmes de formation en écho-USI.

Keywords curriculum � echocardiography �
intensive care � supervision � training program

Critical care echocardiography (CCE) is a noninvasive

diagnostic tool that has, in many countries, largely replaced

invasive cardiovascular monitoring.1,2 International

consensus panels agree that all intensivists should be able

to perform basic CCE.3–8 Major professional societies in

Europe and North America have implemented certification

processes to assess intensivists’ competencies in CCE.9–12

Achieving proficiency in CCE has thus become a key

component of safe critical care practice, yet the optimal

path for intensivists to master the skill remains

unknown.13–15

While many European countries have fully integrated

echocardiography into critical care clinical practice and

training, other countries, especially in North America,

continue to depend on cardiology services to perform and

interpret CCE. A major barrier to CCE uptake in North

America is the lack of CCE-certified staff intensivists.16,17

Without certified intensivists providing longitudinal

supervision, trainees may not achieve competence and

may interpret CCE findings erroneously, thereby

potentially compromising patient care.18 Numerous

publications have reported on the successful

implementation of short CCE workshops and basic

curricula in critical care and emergency medicine, but the

literature on advanced CCE training remains scarce.19–26

There are concerns that short, basic CCE courses are

inadequate for safe clinical practice.13–15,27–29 Yet, a

paucity of evidence informs the design of advanced CCE

training, despite the recent development of international

certifications in Europe and North America.10,11,18 Only a

few authors have reported the implementation of advanced

CCE programs.16,21,22

We developed and implemented a longitudinal

echocardiography training program for advanced CCE,

based on recommendations from professional societies and

principles of curriculum design.30–33 The primary objective

of the present work was to evaluate our advanced CCE

program to better understand reasons for low completion

rates. Our secondary objective was to assess if two

curricular changes implemented after the first year of the

program increased program completion. The curricular

changes that we investigated were 1) distributed supervised

CCE sessions conditional to learners’ independent practice

(vs predefined supervised blocks) and 2) an optional

echocardiography laboratory (echo lab) rotation.18

123

Longitudinal echocardiography training 1261



Methods

Initial structure of and subsequent changes

to the echocardiography training program

The advanced CCE program took place within the

Interdepartmental Division of Critical Care Medicine

(IDCCM) of the University of Toronto (Toronto, ON,

Canada), which is composed of approximately 70 attending

physicians with different specialty backgrounds (e.g.,

anesthesiology, internal medicine) and 70 senior critical

care trainees (fellows) per year. Only two IDCCM

attending physicians were formally trained to perform

CCE, and only one was certified for advanced CCE.

Enrollment in the course was voluntary. The advanced

CCE program consisted of a combination of theoretical and

practical components (Table 1). Practical sessions included

independent (unsupervised) and supervised hands-on

practice in the intensive care unit (ICU). Learners

submitted unsupervised CCE electronically. To complete

the program, each learner had to collect a portfolio of 150

transthoracic echocardiograms with their corresponding

reports (as per international recommendations)11,30,34 and

attend at least half of the didactic sessions (see Electronic

Supplementary Material [ESM] eAppendix 1 for additional

details). The portfolio could comprise both unsupervised

and supervised echocardiograms, including those

performed in the echo lab. All echocardiograms

submitted were reviewed and graded according to

previously published scales.35 Reports generated by the

learners were also reviewed. For learners aiming to obtain

international certification, echocardiograms submitted as

part of our training program were included in the learner’s

portfolio required for international certification. The

practical component of the training was tailored to the

learners’ previous experience. Learners without previous

experience were introduced to basic CCE and progressed to

advanced CCE throughout the training. Low engagement

and shortage of instructors during year 1 led us to modify

the program for subsequent iterations in two ways. First,

we optimized hands-on CCE practice by adopting a

distributed conditional supervision model. To increase

independent practice with delayed feedback (i.e., aiming

toward ‘‘deliberate practice’’), we required submission of a

minimal number of unsupervised echocardiograms every

month to ‘‘earn’’ access to direct supervision

(Table 1).36–43 In year 2, 15 monthly echocardiograms’

submission allowed learners to access as many supervised

Table 1 Advanced CCE training structure and modifications

Year Year 1

(Academic year 2015–2016)

Year 2

(Academic year 2016–2017)

Year 3

(Academic year 2017–2018)

Didactic teaching

Biweekly in-person

theoretical lectures alternating with

Biweekly in-person theoretical

lectures alternating with

Online theoretical lectures

Biweekly in-person case-based

discussions

Biweekly in-person case-based

discussions

Weekly in-person case-based

discussions

Supervised practice sessions

1 week ? 1 week (no prerequisite) 2-hr sessions: no predefined frequency

Conditional to independent practice: 15

echocardiograms per month required

to obtain supervision (as many sessions

as available)

Opportunity to rotate in the echo lab (dedicated

time and direct supervision on performing

echocardiography on non-ICU patients)

Rotations were organized based on availability

of learners’ and echo lab schedule

2-hr sessions: no predefined

frequency

Conditional and proportional to independent

practice: seven echocardiograms

required to obtain one 2-hr supervised session

Opportunity to rotate in the echo lab

(dedicated time and direct supervision

on performing echocardiography

on non-ICU patients)

Rotations were organized based on

availability of learners’ and echo

lab schedule

Delayed feedback

Review of unsupervised

echocardiograms and feedback given

verbally to learner

Review of unsupervised echocardiograms and

feedback given to learner via email

Review of unsupervised echocardiograms

and feedback given to learner via online

platform (Sonoclipshare.com�)

The main modifications between year 1 and 2 were twofold: 1) transition from one week of supervised practice in the ICU to distributed

supervised practice (two-hour session distributed throughout the year) and 2) only trainees who had practiced independently were allowed to get

supervised practice sessions.
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sessions as available; in year 3, one two-hour supervised

session could be obtained for each seven echocardiograms

submitted. We hypothesized that this change would

increase learners’ motivation to practice independently

between supervised sessions, while optimizing our

educational resource use. Additionally, based on concepts

in psychomotor learning, we distributed the supervision

over time (one- to two-hour sessions throughout the year

upon request, Fig. 1) instead of using a massed practice

schedule (i.e., one- to two-week blocks of supervised

practice each year).44,45 Second, we provided an

opportunity to complete an optional two- to four-week

rotation in the echo lab, where learners could practice on

cardiology outpatients under supervision of a sonographer.

Learners could choose to complete a rotation in the echo

lab (by using one of their critical care program elective

blocks) if spots were available for noncardiology trainees.

Study design, participants, and setting

This prospective cohort study followed a multiphase,

convergent mixed methods design with the purpose of

triangulation and complementarity. The study was

conducted within the IDCCM of the University of

Toronto. All IDCCM fellows and staff physicians who

enrolled in the advanced CCE program between September

2015 and June 2018 were eligible to participate in the

evaluation study if they attended more than three didactic

sessions. Learners who did not have a portfolio

requirement (i.e., attending physicians during year 1)

were excluded from the analysis. Study participation was

voluntary. Quantitative and qualitative data (with equal

priority) were collected between September 2015 and June

2018. Approval from the Institutional Research and Ethics

Board was obtained, and participants gave written

informed consent.

Qualitative analysis: exposure, outcomes, and analyses

We conducted semistructured interviews of a purposeful

sample of consenting physicians who either completed or

did not fully complete the program between 2015 and 2018

(see ESM eAppendix 2). We performed a purposive

sampling to achieve maximum variation.46,47 Two

investigators (L. D., A. J.) who were not course

instructors conducted all interviews, which were audio-

recorded and transcribed verbatim. We began inductive

content analysis of the deidentified transcripts immediately

and classified the findings into themes, subthemes, and

matched quotes. We categorized interviews according to

the interviewees’ level of engagement using their number

of echocardiograms submitted for review (low:\50 CCE,

moderate: 50 to 100, and high:[100 CCE). Our initial set

of 12 interviews included learners from years 1 to 3 but

failed to capture learners who had submitted a large

number of echocardiograms. We then purposefully

recruited such learners to expand our understanding of

learners’ engagement (theoretical sampling). We modified

the interview guide iteratively to include questions

pertaining to emerging themes such as the experience in

the echo lab. One of the authors (G. D.) conducted an

inductive thematic content analysis of the transcripts by

Fig. 1 Distribution of supervised practice over the three years of

implementation. The first year offered en-bloc supervision of one

week at a time (two in total throughout the year). Supervision was

organized based on the learner’s schedule and instructors’

availability. For the subsequent years, supervised practice was

divided in multiple two-hour sessions. Only learners who had

submitted echocardiograms for review by the instructors were

offered supervised sessions.
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performing line-by-line coding and identifying emerging

themes. A second researcher (D. P.) also coded the initial

transcripts. Preliminary interpretations were reviewed,

discussed, and agreed upon between the two co-

investigators. As the qualitative analysis progressed,

certain interpretations of the transcripts called for

additional quantitative analyses as aforementioned.

Interpretations also raised questions about the role of

motivation in learners’ engagement with the program. An

exploration of motivational theories informed a subsequent

deductive analysis of the data set. The interview process

was discontinued when data saturation was reached.48–50

Both investigators reflected, throughout the research

process, on their position as clinician, educator, and

teacher, and its impact on the analyses.

Quantitative analysis

For the quantitative analyses, we collected attendance and

number of echocardiograms performed independently and

under supervision. We used descriptive statistics to report

the primary outcome, which was program completion

defined as attendance of more than 50% of the theoretical

sessions and completion of 150 echocardiograms

(supervised and unsupervised). In the secondary analyses,

we estimated the effects of conditional vs unconditional

supervision on the rate of submission of unsupervised

echocardiograms. Furthermore, we calculated the effect of

an echo lab rotation on the submission rate of unsupervised

echocardiograms. Analyses were conducted with a

Bayesian framework using R (Version 3.5.3) and JAGS

(Version 4.3.0).51 Further details are described in ESM

eAppendix 3.

Results

Learners’ characteristics, engagement level,

and program completion rate

Sixty-five learners enrolled in the program between

September 2015 and June 2018. We excluded 14 learners

(22%) who attended less than three didactic sessions, and

six learners (9%) without CCE portfolio requirements (ICU

attendings from year 1). A total of 45 learners (69%) were

included in the final analysis. In total (including

unsupervised, supervised, and echo lab echocardiograms),

learners performed a median [interquartile range] of 32

[14–83] echocardiograms over the course of their

enrollment in the program. Eight learners (17%)

performed a total of C 100 echocardiograms in a year.

Four of these eight learners had previously performed less

than 50 CCEs, and two had no previous CCE experience.

Fourteen learners (31%) completed a rotation in the echo

lab. Four learners (9%) completed their portfolio (one

within a year, and three within three years) and attended

more than 50% of the didactic sessions, thereby fulfilling

criteria for program completion. Eleven learners eventually

wrote a certifying examination with a success rate of

100%. One wrote the European Diploma of

Echocardiography and ten wrote the Examination of

Special Competence in Critical Care Examination of the

American National Board of Echocardiography

(CCEeXAM); of note, the first iteration of the

CCEeXAM took place in January 2019. The four learners

who completed their portfolio are now diplomates of the

CCEeXAM (i.e., passed the CCEeXAM and performed at

least 150 complete transthoracic CCEs). An illustration of

the study profile and details on participant characteristics

are reported in Fig. 2 and Tables 2 and 3.

Qualitative analysis of learners’ perceptions

of the program

We conducted 18 individual interviews. The following

abbreviations are used to describe the quotes: interviewee

(I), fellow (F), attending (A), and cohort (C), with cohorts

defined as cohort 1 (academic year 2015–2016), cohort 2

(2016–2017), and cohort 3 (2017–2018). Low, moderate,

and high refers to engagement with independent practice as

aforementioned. Quantified qualitative data are

summarized in ESM eTable 1. Additional quotes are

reported in ESM eTable 2.

Enrolling in a critical care echocardiography course

with great expectations

Learners viewed echocardiography as an essential tool to

assess and manage critically ill patients. They stated three

main reasons to enroll: 1) to perform echocardiography

independently from cardiologists, 2) to monitor patient’s

clinical changes and responses to treatments, and 3) to use

a noninvasive technique.

‘‘I really want to know what happens [with my

patients] and I feel there’s a lot of constraint when I

rely on other people’’ (I-13: F/C2-3/moderate).

Certain learners chose an advanced CCE program to

mitigate potential risks of superficial CCE learning, while

others aimed to prepare for a formal certification. This was

perceived as an advantage in a competitive employment

market.

‘‘There are risks with any diagnostic modality if their

use is inappropriate […] you need some form of

standards, an expertise to be able to do it and interpret

123

1264 G. Douflé et al.



it. Otherwise, it may easily give you a false sense of

security’’ (I-15: F/C2/high).

‘‘The reality is that most people who do this course

are more interested in all aspects of critical care and

in passing the exam and getting certified’’ (I-13,

F/C3/moderate).

Facing the reality of learning a complex skill

in a challenging environment

Learners unanimously mentioned the lack of protected time

as a significant barrier to training.

‘‘It was not just the course; it was everything else that

was going on at the same time. You know … there

Fig. 2 Study profile
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was lots of things going on like … work and

academic work and personally as well’’ (I-10,

F/C2/moderate).

Learners also commented on the complexity of learning

echocardiographic skills for critically ill patients, whose

anatomical and physiologic dynamic changes complicated

acquisition and interpretation of images. Learners reported

a range of negative emotions, such as frustration and stress,

while practicing independently in the ICU. In addition,

they felt infantilized and punished by the conditional

access to supervision based on independent practice.

‘‘It was also hard because if you were doing the

sessions on your own, you’d just get the view and

after 10 minutes you just gave up, because you can’t

stay there for hours […]’’ (I-17, F/C3/moderate).

‘‘The treatment that we got was a bit like I [was] back

at a five years old school and the fact that by not

doing one thing [i.e., independent practice] we were

punished without supervised sessions really put me

off’’ (I-9: F/C2/low).

Table 2 Participant characteristics

Overall

(N = 45)

Age (yr), median [IQR] 32 [30–33]

Male sex, n/total N (%) 25/45 (56%)

Specialty background (PGY 4 and above)

Anesthesia, n/total N (%) 13/45 (29%)

Emergency medicine, n/total N (%) 1/45 (2%)

Medicine, n/total N (%) 30/45 (67%)

Surgery, n/total N (%) 1/45 (2%)

Fellow position n/total N (%) 44/45 (98%)

Previous CCE experience (number of echocardiograms performed prior to enrolling)

0–10, n/total N (%) 17/45 (38%)

11–50, n/total N (%) 15/45 (33%)

51–100, n/total N (%) 6/45 (13%)

More than 100, n/total N (%) 3/45 (7%)

Not specified, n/total N (%) 4/45 (9%)

Total CCEs, median [IQR] 32 [14–83]

Supervised CCEs, median [IQR] 10 [2–18]

Unsupervised CCEs, median [IQR] 17 [3–52]

Completed an echo lab rotation, n/total N (%) 14/45 (31%)

CCE = critical care echocardiography; echo = echocardiography; IQR = interquartile range; PGY = postgraduate year

Table 3 Submission of echocardiograms and attendance stratified by year

2015 2016 2017

N* 10 26 17*

Echo lab rotation, n/total N (%) –** 6/26 (23.1%) 9/17 (52.9%)

Echocardiograms total, median [IQR] 29 [21–46] 55 [17–90] 20 [2–68]

Echocardiograms (supervised), median [IQR] 15 [11–24] 3 [2–15] 4 [2–12]

Echocardiograms (unsupervised), median [IQR] 15 [0–31] 29 [9–52] 9 [0–18]

Echocardiograms echo lab, median [IQR] –** 48 [35–68] 60 [41–60]

Attendance, median [IQR] 48 [36–63] 48 [35–65] 40 [35–56]

* Learners could enroll in the program for more than one year: 8 of the trainees in year 3 had enrolled in a previous year.
** The echo lab rotation was only available from year 2 onwards, so none of the learners in year 1 rotated in the echo lab.

Echo = echocardiography; IQR = interquartile range
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Benefiting from direct supervision

Learners felt that direct supervision in the ICU and in the

echo laboratory was crucial to their learning and continuing

motivation.

‘‘Without [the supervised] sessions, […] I wouldn’t

have continued the course. I think the sessions are the

core part of the training program’’ (I-15, F/C2/high).

‘‘The instructors should not be expecting [trainees] to

do unsupervised sessions without having about a

couple of weeks of echo lab training or supervised

training because without that, it’s just a spiral down.

It’s a vicious cycle and we won’t learn and we won’t

be motivated’’ (I-4, F/C1/moderate).

Protected time in the echo lab was perceived as

invaluable. Yet, learners acknowledged that performing

echocardiography in the ICU was more challenging than in

the echo lab, and recalled experiencing difficulties in

transferring CCE skills acquired in the echo lab to ICU

patients:

‘‘The second year was better [and] I have to attribute

it a lot to the fact that I did the echo lab training. So, I

got my confidence […] and then now the learning is

more about how to adjust the views to an ICU patient

[…]’’ (I-4, F/C1/moderate).

Rising or not rising to the challenge: sustaining

motivation

Learners described two types of response to difficulties

encountered in the program. Certain trainees disengaged

with the program, felt demoralized about different aspects

of the course, and eventually gave up.

‘‘Maybe six months or so [into the training], I just

thought, I actually just can’t do this anymore’’ (I-10,

F/C2/moderate).

Learners explained their loss of motivation in three

ways: a perceived lack of performance improvement over

time, personal circumstances that interfered with their

ability to complete the program requirements, and

realization of a misalignment between the program and

their personal objectives.

‘‘I felt that I wasn’t getting much out of the echoes

because I wasn’t having supervised sessions’’ (I-9,

F/C2/low).

‘‘Maybe I did not read enough around it afterwards

[…] because other folks did manage it and did

complete it, so obviously, it’s doable. It might have

just been my circumstances at the time […]. Some

concepts may [have been] too advanced for

intensivists, [who] wanted to learn basic or

intermediate echo skills’’ (I-10, F/C2).

Conversely, other learners recalled investing more effort

and engaging in additional independent practice when

facing training challenges. Realizing their learning

progress and seeing the potential impact of CCE on the

management of their patients eventually contributed to

maintaining high levels of motivation.

‘‘When I was not confident, I just put more effort into

training and then I started feeling more confident,

which gave me more interest in the course, because it

showed me that what I was doing was actually

working, that I had actually learned things. […] It

was the day I diagnosed an aortic dissection in a

patient with an echo […] [that I realized] the many

diagnoses I was able to make and the patients that I

was able to help by knowing echocardiography’’ (I-

14, F/C3/high).

When reflecting on their experience, highly engaged

learners also reported stress when performing CCE

initially, but eventually enjoyed it.

Quantitative effect of curricular changes on learners’

engagement

Teaching attendance and echocardiogram submissions are

presented in ESM eTable 3. Learners submitted

unsupervised echocardiograms with a 1.11-fold higher

rate when supervision was conditional than when

supervision was unconditional (rate ratio, 1.11; 95%

credible interval [CrI], 1.08 to 1.14) (ESM eTable 3 and

eTable 4). Rotation in the echo lab was associated with a

subsequent decrease in the rate of submitting unsupervised

echocardiograms (Fig. 3 and ESM eTable 5). Trainees who

went to the echo lab either did not submit any unsupervised

echocardiograms after the echo lab rotation (odds ratio of

submitting echocardiograms, 0.2; 95 % CrI, 0.1 to 0.33) or

submitted at a substantially lower rate (rate ratio of

submitting echocardiograms, 0.10; 95% CrI, 0.09 to 0.14).

Discussion

We found that learners reported lack of protected time and

limited access to supervision as the main barriers to

successful program completion. Nevertheless,

unconditional access to en-bloc supervision or rotation in

the echo lab (sustained supervision by a sonographer) did

not increase independent practice. We assumed that

offering supervision as a reward for regular independent
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practice would motivate learners to practice more

independently between supervised sessions and would

increase program completion rates. Providing shorter (two-

hour) but more frequent supervised sessions distributed

throughout the year was expected to foster consolidation of

newly acquired skills compared with longer (week-long),

but infrequent (twice a year) supervised sessions. Our

assumption was based on existing evidence showing that

distributive practice can lead to superior learning outcomes

compared with en-bloc practice.44,45 In implementing these

changes, we hoped to motivate learners and to identify

trainees who, by showing that they had practiced

independently, were more likely to benefit from further

supervision.52 We were also cognizant of the potential risk

of ‘‘too much’’ supervision, which may limit learners’

ability to learn to perform independently.53 Surprisingly,

the implementation of conditional and distributed

supervision was perceived negatively by many learners

and failed to increase the rate of training completion,

despite having a positive impact on independent practice,

as measured by the number of unsupervised

echocardiograms submitted for review.

Our findings indicated that throughout the three years of

the advanced CCE program implementation, many learners

lost their motivation early in the academic year. There were

different reasons for this: 1) discouragement in response to

Fig. 3 Critical care echocardiograms submission pre- and post-echo

lab rotation. The dotted vertical lines represent the rotation in the echo

lab. In blue are the number of echocardiograms submitted monthly

before the rotation in the echo lab. The red lines represent the monthly

number of echocardiograms submitted after the rotation in the echo

lab.
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the skill complexity and lack of perceived progress, 2)

negative emotions experienced during independent

practice, 3) unintended negative perception of the

conditional supervision implemented after year 1 and, 4)

learners’ realization of a mismatch between their goals and

the course objectives. Our assumption that the promise of

supervision would be globally perceived as a reward and

increase learners’ motivation to engage in unsupervised

practice was incorrect. As described by Deci, contingent

rewards may have a negative effect on intrinsic

motivation.54–56 Applying contingent supervision may

have blunted learner’s sense of autonomy and volition,

resulting in lower intrinsic motivation. Interestingly,

whereas some learners became disengaged, others

embraced the challenges encountered by investing more

efforts in training. As they started seeing the benefits of

their efforts and of their newly acquired skills in clinical

practice, they were increasingly motivated to pursue

training, which they eventually reportedly enjoyed.

Additionally, we observed that, following the echo lab

rotation, trainees submitted even fewer echocardiograms

than before. We speculate that as learners gained

confidence throughout their echo lab rotation, they may

have deemed subsequent independent practice

unnecessary.57 Possibly facing a steep de-learning curve

without immediate skill consolidation after the echo lab

rotation, they may have faced unexpected challenges when

resuming independent practice on challenging ICU

patients.28,44,58

Our low rate of program completion is similar to those

described in previous reports.16,22 Likewise, technical

challenges (especially without supervision), clinical

duties conflicting with educational activities, variable

willingness to persist despite challenges, and personal

factors were identified as major barriers.16 Our study also

suggests that underlying factors, such as motivation and

persistence when facing failure, may be playing a role,

which aligns with self-regulated learning theory.59 Indeed,

learning advanced echocardiography in the critical care

context appears to be more challenging than learning

echocardiography on cardiology patients. Moreover,

learning advanced CCE differs from echocardiography

training for cardiologists, which heavily relies on extended

time in the echo lab where supervision (by a cardiologist or

sonographer) is not a limitation. Advanced CCE learners

may not expect a slow learning curve, a realization that

may lead them to abandon training unless they remain

intrinsically motivated and have personal goals aligned

with curricular objectives.

Our study has several limitations. First, the sample size

was small, which is why we used Bayesian instead of

frequentist statistics to analyze the data. Second, at the time

of program inception, our units did not have the equipment

to perform transesophageal echocardiography, so our

program was restricted to transthoracic echocardiography.

Furthermore, the paucity of highly trained

echocardiographers among critical care attendings may

have been a limitation. Indeed, learners had limited

opportunities to observe the use and benefit of

echocardiography, and to obtain real-time feedback from

their primary clinical supervisor during their daily clinical

activities. Third, relevant residual confounding (explaining

low completion) cannot be excluded. Fourth, interviews

were analyzed by two investigators, one of whom had an

instrumental role in the design and delivery of the program.

To mitigate narrow interpretations, we incorporated

reflexivity throughout the research process. Fifth,

although our study elicited possible explanations for low

engagement, further research is needed to clarify

differences between learners that maintained motivation

throughout training and achieved CCE competence and

those that failed to do so.

It may be argued that our program was too ambitious,

especially for learners without previous basic CCE

experience; however, the requirement of 150

echocardiograms was based on international

recommendations and matched the requirements for

North American certification.11 Furthermore, learners

could complete their portfolio in more than one year and

could remotely submit their echocardiograms for review.

Lastly, we did not explore if and to what extent supervision

impacted trainees’ learning curve. The fact that supervision

failed to increase learners’ engagement and program

completion does not invalidate its importance. Indeed,

given the technical challenges of performing

echocardiography on critically ill patients, novices may

be unable to discern whether low-quality

echocardiographic images relate to patients’ factors or to

their inexperience.

In summary, lack of time and limited access to

supervised practice were the major barriers reported by

learners. Nevertheless, the provision of protected time in

the echo lab and direct supervision in a critical care setting

did not increase the likelihood of trainees completing their

portfolios. Other factors such as sustained motivation and

persistence may play significant roles in learners’

engagement and training completion. Further research is

needed to better understand potential modifiers of

motivation and engagement of learners enrolled in

advanced CCE training.
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data. Ghislaine Douflé wrote the first draft. All authors were involved

in critical revision of the final manuscript.

123

Longitudinal echocardiography training 1269



Acknowledgements The authors would like to acknowledge Dr.

Goffi for his instrumental role in the design of the program and Dr.

Mema for her feedback and advice.

Disclosures The authors have no conflict of interest to disclose.

Funding statement None.

Data availability statement The source code is included in the

Electronic Supplementary Material, eAppendix 3. Data are available

upon request from the authors.

Editorial responsibility This submission was handled by Dr.

Stephan K. W. Schwarz, Editor-in-Chief, Canadian Journal of
Anesthesia/Journal canadien d’anesthésie.

References

1. Vieillard-Baron A, Slama M, Cholley B, Janvier G, Vignon P.
Echocardiography in the intensive care unit: from evolution to

revolution? Intensive Care Med 2008; 34: 243–249. https://doi.

org/10.1007/s00134-007-0923-5

2. Royse CF, Canty DJ, Faris J, Haji DL, Veltman M, Royse A. Core

review: physician-performed ultrasound: the time has come for

routine use in acute care medicine. Anesth Analg 2012; 115:

1007–28. https://doi.org/10.1213/ane.0b013e31826a79c1

3. Price S, Via G, Sloth E, et al. Echocardiography practice, training

and accreditation in the intensive care: document for the World

Interactive Network Focused on Critical Ultrasound

(WINFOCUS). Cardiovasc Ultrasound 2008; 6: 49. https://doi.

org/10.1186/1476-7120-6-49

4. Via G, Hussain A, Wells M, et al. International evidence-based

recommendations for focused cardiac ultrasound. J Am Soc

Echocardiogr 2014; 27: e1–33. https://doi.org/10.1016/j.echo.

2014.05.001

5. Labovitz AJ, Noble VE, Bierig M, et al. Focused cardiac

ultrasound in the emergent setting: a consensus statement of the

American Society of Echocardiography and American College of

Emergency Physicians. J Am Soc Echocardiogr 2010; 23:

1225–30. https://doi.org/10.1016/j.echo.2010.10.005

6. Spencer KT, Kimura BJ, Korcarz CE, Pellikka PA, Rahko PS,
Siegel RJ. Focused cardiac ultrasound: recommendations from

the American Society of Echocardiography. J Am Soc

Echocardiogr 2013; 26: 567–81. https://doi.org/10.1016/j.echo.

2013.04.001

7. Moore CL, Copel JA. Point–of–care ultrasonography. New Engl J

Med 2011; 364: 749–57. https://doi.org/10.1056/nejmra0909487
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