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Abstract

Objective: Subspecialisation is increasingly a fundamental part of the contemporary practice of
medicine. However, little is known about how medical trainees learn in the modern era, and
particularly in growing and relatively new subspecialties, such as adult CHD. The purpose of
this study was to assess institutional-led and self-directed learning strategies of adult CHD
fellows. Methods: This international, cross-sectional online survey was conducted by the
International Society for Adult Congenital Heart Disease and consisted primarily of categorical
questions and Likert rating scales. All current or recent (i.e., those within 2 years of training)
fellows who reported training in adult CHD (within adult/paediatric cardiology training or
within subspecialty fellowships) were eligible. Results: A total of 75 fellows participated in
the survey: mean age: 34 ± 5; 35 (47%) female. Most adult CHD subspecialty fellows considered
case-based teaching (58%) as “very helpful”, while topic-based teaching was considered
“helpful” (67%); p= 0.003 (favouring case-based). When facing a non-urgent clinical dilemma,
fellows reported that they were more likely to search for information online (58%) than consult
a faculty member (29%) or textbook (3%). Many (69%) fellows use their smartphones at least
once daily to search for information during regular clinical work.Conclusions: Fellows receiving
adult CHD training reported a preference for case-based learning and frequent use of online
material and smartphones. These findings may be incorporated into the design and enhance-
ment of fellowships and development of online training resources.

As medicine has become more subspecialised in recent years, a growing number of medical
trainees have chosen to pursue additional, subspecialty training.1,2 In addition, governing bodies
have made efforts to regulate licensed subspecialties while the digitalisation of modern society
has progressed.3–5 Training is likely to be most effective if the programme both adheres to the
fellows’ preferences and utilises evidence-based teaching strategies.6

Adult CHD is a nascent subspecialty which is rapidly expanding in response to increasing
numbers of adults living with moderate or complex CHD, typically after having undergone
paediatric surgical interventions.7–9 Specialised adult CHD clinical programmes have been
developed across the globe, and many now also offer dedicated adult CHD subspecialty fellow-
ships.4,10 A unique aspect of adult CHD subspecialty training is that fellows with both adult and
paediatric cardiology backgrounds can embark in subspecialty training.3,5,10 This presents spe-
cific challenges as programmes ideally should be tailored to each fellow’s needs based on their
backgrounds and experiences.

Millennials who grew up during the age of digitalisation are now embarking on subspecialty
training andmay have different learning styles compared to previous generations; many of them
are now in the role of programme directors.11 To gain insight and facilitate effective subspecialty
training, the International Society for Adult Congenital Heart Disease conducted a survey
among current and recently graduated fellows on their strategies and preferences for adult
CHD education.

Materials and methods

For this cross-sectional study, an online survey was created using the SurveyMonkey platform
(Palo Alto, California, United States of America). This survey (see online appendix) contained
questions in three domains: demographic background, institutional-directed adult CHD
training, and self-directed adult CHD learning. All cardiology fellows who reported training
in adult CHD (adult cardiology, paediatric cardiology, or research) were eligible for this survey.
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However, only current or past fellows in adult CHD subspecialty
training (i.e., those who typically completed 1 or 2 year adult CHD
fellowships) were asked to complete the subset of questions about
institutional-directed adult CHD training and feedback. The sur-
vey link was e-mailed directly to 146 fellows affiliated with the
International Society for Adult Congenital Heart Disease. In addi-
tion, the International Society for Adult Congenital Heart Disease
e-mailed known adult CHD programme leaders from around the
globe, who were then asked to forward the survey link to any fel-
lows with training in adult CHD (either within or outside of a for-
mal adult CHD fellowship). The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki as reflected in
a priori approval by the Academic Medical Center Amsterdam
Human Research Committee.

The survey was completed in approximately 10 minutes and
consisted of yes/no questions, categorical questions, and rating
scales (1–5 Likert scale).

Statistical methods

Categorical data are reported as number and percentage and con-
tinuous data as mean with standard deviation. Rating scale ques-
tions were compared to the average rating of similar questions for
each individual respondent using Wilcoxon signed ranks test.
Responses based on fellows’ background (paediatric versus adult
cardiology) were compared using independent sample t-test,
Mann-Whitney U-test, or chi-square test, as appropriate. In cases
of missing data, analyses were performed on respondents who
answered individual questions (i.e., pairwise deletion). Analyses
were performed with SPSS version 24.0 (IBM Corp., Armonk,
New York, United States of America). A p-value <0.05 was con-
sidered statistically significant.

Results

Demographics

A total of 75 fellows participated in the survey between March and
July 2017: mean age: 34 ± 5; 35 (47%) female (Table 1).
Respondents were born in 27 different countries, most commonly
the Netherlands (20%), United States (17%), and India (11%).
Fellows were employed/trained in 14 countries, most often the
United States (28%), United Kingdom (21%), the Netherlands
(19%), and Canada (11%). Interestingly, 30 fellows (40%) were
employed/trained outside of their birth country. Respondents
included current adult CHD clinical fellows (n= 26; 35%), individ-
uals who had completed adult CHD clinical fellowships within the
previous 2 years (n= 9; 12%), current adult CHD research-only
fellows (n= 9; 12%), current adult cardiology fellows (n= 10;
13%), current paediatric cardiology fellows (n= 7; 9%), and others
(n= 14; 19%), namely imaging fellows and internal medicine res-
idents with interest in adult CHD. Of 35 current or recent adult
CHD clinical fellows, 27 (77%) had adult cardiology training back-
ground and 8 (23%) came from paediatric cardiology training
(Table 1).

Institutional-directed adult CHD training

Thirty-four recent or current adult CHD fellows responded to at
least one of the adult CHD-training specific questions, of whom
the majority (62%) trained in 24-month or longer adult CHD
fellowships (Table 1). Case-based teaching was usually (58%)

considered “very helpful”, while topic-based teaching was consid-
ered “helpful” (67%); p= 0.003 favouring case-based teaching.

Self-directed adult CHD learning

A total of 62 respondents answered questions related to self-
directed adult CHD learning. Most respondents (69%) reported
that they used their smartphones or other mobile devices at least
once daily to quickly search for information during their regular
clinical work (Fig 1a). Respondents primarily used a laptop (39%)
or desktop computer (35%) to access adult CHD content (Fig 1b).
The primary reason for seeking adult CHD content was “clinical
questions as they arise” (79%) (Fig 1c). However, fellows with a
paediatric cardiology background were more likely to read accord-
ing to a self-determined reading schedule compared to those with
an adult cardiology background (31 versus 5%; p= 0.04). Seventy-
seven per cent of respondents would consider a recommended
adult CHD reading list as “helpful” or “very helpful”, and this did
not vary between those with adult versus paediatric backgrounds.
Further, when faced with a non-urgent clinical adult CHD
dilemma, most fellows (58%) reported that they would first search
online for information on the topic. Fewer fellows (29%) reported
that they first turned to faculty for consultation (Fig 1d). The spe-
cific online searching and learning resources consulted by fellows
are provided in Figure 2.

Discussion

The results of this survey indicate that a worldwide group of cur-
rent and recent fellows with an interest in adult CHD preferred
case-based over topic-based teaching and learning. These results
may have significant implications for adult CHD fellowship train-
ing programmes around the globe.

Table 1. Institutional-directed adult CHD training.

Answered by current and previous ACHD fellows

All
(n= 35)

Paediatric
(n= 8)

Adult
(n= 27) p-value

Length of fellowship (months) 22 ± 12 25 ± 10 21 ± 12 0.46

Work clinic (h/week) 45 ± 14 56 ± 14 41 ± 12 0.007

Work/study at home (h/week) 10 ± 16 9.4 ± 10 10 ± 17 0.94

Involved in research? 29 (83%) 8 (100%) 21 (78%) NA

Research mentorship? 22 (65%) 6 (75%) 16 (62%) 0.49

Formal written test/exam? 1 (3%) 0 1 (4%) NA

Schedule of ACHD feedback
specified?

10 (30%) 1 (13%) 9 (36%) 0.21

One on one faculty
interaction (h/week)

18 ± 15 21 ± 18 17 ± 14 0.52

Educational mentor? 20 (61%) 4 (50%) 16 (64%) 0.48

Patient care-related
meeting (h/week)

3.4 ± 1.7 2.6 ± 1.4 3.7 ± 1.7 0.12

Educational meeting (h/week) 2.4 ± 1.4 2.3 ± 1.2 2.5 ± 1.5 0.72

External conference
meetings (d/year)

4.6 ± 2.8 4.4 ± 2.1 4.7 ± 3.1 0.78

ACHD= adult CHD; h/week= hours per week; d/year= days per year.
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Case-based learning

Our finding of a preference for case-based learning is similar to a
prior study of medical students,12 and may have implications for
the learning process during adult CHD fellowships. Previous stud-
ies revealed an effective attention span limited to 15–20 minutes
during lectures, suggesting that an hour-long topic-based lecture
may be less helpful.13 Several studies suggested that case-based
training is highly effective when fellows are actively engaged.6,14

For example, case-based training was effective in teaching arrhyth-
mia management during residency.15 However, the risk with rely-
ing exclusively on a case-based approach is that some topics may be
neglected when the case load is unbalanced.

Online learning

Online material was preferred over books, and smartphones were
used on a daily basis to search information online. Remarkably,

most fellows reported that they would first search online when
faced with a non-urgent adult CHD dilemma. This clearly illus-
trated a preference for real-time online information and suggests
most fellows are mature adult learners but might also reflect
the likelihood that adult CHD faculty members are not always
available for on-the-spot consultation; we did not ask for specific
reasons for this preference.

However, these preferences are in line with other medical train-
ees and typical of the current, digitalised era.16 It should be noted,
however, that smartphones have their limitations including a lim-
ited screen size, making it difficult to check references and reliabil-
ity. In addition, finding clinically useful applications may be
particularly challenging as applications are unregulated and few
fellows received training in how to use smartphones during clinical
work.17,18 Of note, the specific online searching and learning
resources consulted by fellows were listed according to frequency
of use in Figure 2, which does not have to reflect the amount of

Figure 1. (Color online) Fellows’ preferences for learning.
Fellows’ responses on various questions related to preferences for learning. ACHD = adult CHD.
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learning. For instance, many short Google searches may be per-
formed, but the amount of information acquired during one
learning session with books may be larger.

Implications for adult CHD training

We performed exploratory analyses to detect differences in prefer-
ences between adult versus paediatric cardiology background
fellows. We only found as difference that fellows with paediatric
backgrounds weremore likely to read according to a self-determined
reading schedule. Therefore, based on our survey, it is not clear
whether fellows from other backgrounds should be approached
differently during adult CHD training.

When taking into consideration other medical specialties as
well as our own survey results, case-based, online, training strate-
gies hold promise for adult CHD fellows, and may have more
profound and long-lasting effects.12–15 However, risks include an
unbalanced case load and the use of online resources of unknown
reliability. Fellowship programmes may choose to adopt existing
and reliable resources such as the Adult Congenital Heart Disease
Learning Center (http://achdlearningcenter.org). These may be
combined into a recommended (online) reading list which could
serve as a valuable resource for adult CHD learning. These findings
also provide valuable information for the International Society for
Adult Congenital Heart Disease, which as an organisation has a
focus on online education in order to meet the needs of members
around the globe; the International Society for Adult Congenital
Heart Disease may choose to prioritise opportunities for online
case-based learning by providing core case-based modules.
Although fellows’ preferences for online training modules may
be different according to their background or experience, we
believe that well-designed modules should be helpful to the large
majority of worldwide fellows.

Limitations

Although this survey had a worldwide response, most fellows were
employed in Western countries. The number of respondents was
limited, presumably only a small proportion of worldwide fellows
in training. As a result statistical power was also limited, and we
therefore did not perform additional subgroup analyses comparing

fellows from different countries or institutions. In addition, fellows
were approached to complete the survey online; this may have
resulted in selection of fellows more likely to use online resources.
All fellows had an interest in adult CHD, but only half were in
formal adult CHD fellowship programmes. Results cannot be
generalised to individual adult CHD fellowship programmes.
Finally, this survey did not assess the effectiveness (i.e., impact
on knowledge or clinical decision-making) of different learning
approaches for which additional studies are needed.

Conclusions

The results of this survey, in which adult CHD fellows reported a
preference for case-based learning and frequent use of online
resources, are relevant for the design and enhancement of adult
CHD fellowships and also inform global efforts by the International
Society for Adult Congenital Heart Disease for online education.
Nonetheless, the results of this cross-sectional survey also highlight
the need for future studies to assess changes in knowledge, attitudes,
and skill by using various learning strategies in adult CHD.
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