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Abstract

Lifelong learning is essential for the practicing cardiologist. Present lifelong learning mechanisms 

are stagnant and at risk for not meeting the needs of currently practicing cardiologists. With the 

increasing burden of cardiovascular disease, growing complexity of patient care, and ongoing 

pressures of non-clinical responsibilities, educational programming must evolve to meet the 

demands of the contemporary cardiovascular professional. A paradigm shift, replete with modern 

and practical educational tools, is needed in the lifelong learning armamentarium. Emerging 

evidence of novel educational strategies in graduate medical education supports the promise of 

broader application of these tools to different stages of professional life. In this commentary from 

the Fellows-In-Training (FIT) Section Leadership Council, we propose three novel educational 

tools—personalized learning, adaptive learning, and the flipped classroom—to improve lifelong 

learning to meet the educational needs of FITs to practicing cardiologists alike.
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Introduction

The development and maintenance of professional competence through lifelong learning is 

indispensable to all physicians (1). As trainees progress from medical students to established 

practitioners, learning becomes increasingly self-directed and time-limited. Modalities used 

in the canonical paradigm to educate medical students, traditionally based on textbooks and 

lectures, are less well-suited to fellows-in-training (FIT) or practicing cardiologists. In 

addition, the learning preferences of FITs may not reflect those of more established 

clinicians. Finally, technological developments, expanding patient volume and complexity, 

escalating financial pressures, increasing non-clinical responsibilities, and a rapidly evolving 

healthcare landscape demand that physicians adopt new methods to engage in lifelong 

learning and maintain competency in clinical practice (1–6).

Lifelong learning has been defined “as a continuation of medical education with an ongoing 

process of professional development along with self-assessment, which enables physicians 

to maintain the requisite knowledge, skills, and professional standards.” (7) Using the 

framework employed by the Accreditation Council for Graduate Medical Education 

(ACGME) for its six core competencies, the American College of Cardiology (ACC) has 

recently developed lifelong learning competencies for all areas of cardiovascular medicine to 

address evolving learner needs (1). Thus, a methodical and critical examination of how the 

variety of available education platforms can best be incorporated at all stages of training and 

across the arc of a professional career is needed. As evidence continues to emerge on 

lifelong learning tools and strategies within graduate medical education (1), a notable gap as 

it pertains to lifelong learning for medical subspecialists currently exists.

This commentary from the Fellows-in-Training Section Leadership Council examines 

transformations in the approach to graduate medical education (GME) for FITs and lifelong 

learning for cardiologists from training to retirement. We identify challenges and explore 

currently available methods of learning in their respective context. Finally, we propose 

strategies that modern-day trainees and practicing cardiologists can adopt to improve 

learning skills, including several innovative learning concepts, such as personalized learning, 

adaptive learning, and the “flipped classroom”.

Importance of Lifelong Learning

As cardiovascular medicine has evolved over the past several decades (8,9), diagnostic and 

therapeutic complexity has markedly increased. In addition to the challenges facing general 

cardiologists to master a rapidly accumulating body of knowledge (1,10,11), those with a 

more specialized career focus face similarly formidable challenges. As more FITs pursue 

advanced training in sub-subspecialties such as advanced heart failure, multimodality 

imaging, or catheter-based interventions, practicing cardiologists will need to keep abreast of 
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developments in their own field of special expertise while remaining current in the broader 

aspects of the field. To meet the demands for lifelong learning, cardiologists need timely 

access to evidence-based educational materials that address both the narrow and wider 

spheres of knowledge (1,12).

Current Graduate Medical Education and Lifelong Learning Strategies

Traditionally, the education of physicians takes place in the classroom, lecture hall, at the 

bedside, in laboratories, at scientific sessions or through continuing medical education 

(CME) programs (13). The challenges of the modern day healthcare environment call for 

critical examination of learning methods by the profession (14). The curriculum and 

expectations for general cardiology fellowship have been standardized in the ACC 2015 

Core Cardiovascular Training Statement (COCATS-4) and the policies of the Accreditation 

Council for Graduate Medical Education (ACGME) (10,15). Requirements for training in 

emerging sub-disciplines, such as multimodality imaging, cardio-oncology, or sports 

cardiology, are less well-defined by specified curricula. Fellows entering the workforce are 

expected to maintain expertise in these fields, but opportunities for personalized education to 

ensure continued competency beyond the formal fellowship training years are relatively 

limited. While resources for lifelong learning should be personalized with respect to 

individual physicians, present programs typically offer limited customization. The problem 

is particularly acute for those physicians seeking to gain competencies in new areas for 

which they were not trained during fellowship. While there is skepticism of the often 

industry-sponsored ‘weekend course’ at which new techniques are taught, alternative 

opportunities for those seeking genuine competency are scarce.

Emerging concepts of adult learning theory create opportunities for lifelong learning. Early 

career learners depend on teachers to provide foundational knowledge. As trainees progress 

through residency and fellowship, individual learning paths evolve in different directions. 

Independent learning utilizes an education cycle (16) that recognizes the needs of the 

physician, sets clear objectives for learning, and includes assessments of how well the 

objectives are met. Lifelong learning programs should incorporate the following key 

elements (Table 1):

1. Generate discrete learning objectives for educational programs.

2. Incorporate evidence-based medicine to guide development of learning 

programs.

3. Provide high-yield and practical educational programming that is readily 

applicable to clinical practice.

4. Effectively utilize technology and innovative educational platforms.

5. Ensure educational programs efficiently utilize time.

6. Critically examine lifelong learning programs by both educators and learners 

with the goal to continually optimize and refine programs.

In the following section, we explore several strategies for lifelong learning that can be 

initiated during fellowship and pursued throughout practice. These strategies address some 
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of the challenges inherent in current models of learning by adult learning theories as they 

apply to continuing medical education in cardiology.

Strategies to Improve Graduate Medical Education and Lifelong Learning

Three strategies in particular - personalized learning, adaptive learning and the ‘Flipped 

Classroom’ - can be deployed to help meet the educational needs of cardiologists across the 

different stages of their careers (Table 2).

Personalized Learning

Personalized learning is an attractive alternative to the traditional ‘one-size-fits-all’ 

educational model (17). In this system, knowledge acquisition is facilitated by identifying 

specific learner needs, as identified in COCATS 4 (10) for FITs and in the ACC’s lifelong 

learning competencies for general cardiologists (1). Both of these documents define 

competencies within specific practice foci within cardiology, helping clinicians identify their 

potential learner needs and customizing educational content to meet them. A curriculum is 

generated based on strengths and weaknesses identified from an individual’s survey or 

standardized pre-test assessment. Training needs could also be identified from clinical 

practice and patient care through various assessment tools, including surveys and needs-

based evaluations. Thus, these ACC core competency documents will need to be updated 

frequently in concert with the practice of cardiovascular medicine (18). Applications of 

personalized learning include simulation training, educational portfolios, and digital 

platforms that could be customized for both trainees and practicing cardiologists.

Simulation Training

While simulation-based training is not new, its synergy with personalized learning makes for 

an effective learning tool to achieve and maintain competency in both procedural and 

nonprocedural domains of cardiology (19,20). It can be employed to enhance existing skills 

or acquire new skills in a collaborative, low-stress environment. Several studies support the 

benefit of simulation training in graduate medical education. A quantitative meta-analysis of 

14 studies spanning 20 years (1990–2010) demonstrated significant effectiveness of 

simulation-based medical education with deliberate practice as compared with traditional 

clinical medical education (21). Although the number of reports analyzed was small, the 

results suggest a promising and favorable effect of simulation training (21). Similarly, 

another systematic review examining patient outcomes, such as procedural success or 

complication rates, in simulation-based medical education demonstrated small to moderate 

benefits in comparison to no intervention; however, no significant difference was noted 

when comparing simulation-based training to non-simulation instruction, such as the 

classical apprenticeship training model (22).

The evidence base supporting the use of simulation-based training in cardiology is slowly 

mounting (23). One survey found that 84% of respondents learned from some form of 

simulation training, 64% had participated in mannequin-based simulation, 59% preferred 

online simulation, and 70% believed simulation training was effective (24). Interventional 

cardiology fellows scored better on diagnostic coronary angiography skills, with less cine-
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fluoroscopy exposure, after training with an endovascular simulator (25–27). Similarly, 

simulation training in transesophageal and transthoracic echocardiography was associated 

with improved image acquisition skills and efficiency (28,29). The technology also shows 

promise in other fields, such as resuscitation (30,31) and electrophysiology (32–34). While 

the strength of the available evidence in these studies is sometimes limited by small sample 

size, cohort bias, or absence of blinding of assessors to the intervention, the evidence 

supporting improved performance in real patients following simulation-based training in 

various cardiovascular procedures is slowly growing (23).

While most simulation training in cardiology has been based on specific curricula, 

personalization of simulated scenarios is a potentially valuable pathway for lifelong 

learning. Based on the simulated performance of the learner as evaluated by both the 

simulator and instructors, layers of complexity can be added. For interventional cardiology 

simulations, these might include potential complications, such as coronary perforation or air 

embolism, or advancing to the next steps in patient management, such as percutaneous 

coronary intervention or valvuloplasty. Based on the physician’s level of training, modules 

could be personalized as the learner progresses in knowledge and expertise, incorporating 

more complex and challenging simulation scenarios at more advanced stages of training. In 

this manner, simulation-based training could prove useful for practicing cardiologists 

aspiring to avoid skill decay or to demonstrate achievement of minimum competencies for 

low-volume centers for certain procedures (23).

Coaching has emerged as an important model for medical education (35). Extending 

simulation training to video-based coaching has been utilized successfully in training 

surgeons (36). Guided by expert ‘coaches’ and top performers, learners view video 

recordings of procedures (such as percutaneous coronary intervention or pacemaker 

insertion) and critique performance. Learners are encouraged to recognize mistakes with the 

goals of both avoidance and management of complications. While video-based coaching has 

been used mainly to improve procedural skills, wider use of this technology could expand its 

scope across an array of practice settings and specialties. Incorporating video-based 

coaching into competency-based assessments could make it a practical valuable alternative 

to traditional testing models for practicing cardiologists.

While organized simulation sessions often take place at national conferences, they are 

typically housed in exhibit halls and are centered around a particular technology or device. 

Consideration should be given to shifting simulation toward mastery learning. Mastery 

learning is an emerging paradigm for medical education which espouses two fundamental 

tenets: 1) educational excellence is not only expected, but can also be achieved by all 

learners and 2) results should be uniform with little or no variation in outcomes (37). Thus, 

as learners progress toward their goals at different rates, educational time may vary 

considerably among learners in a mastery environment (37). In pursuit of mastery learning, 

simulation sessions could be integrated into the program of the scientific session. Moreover, 

personalized learning simulation curricula could be developed and shared across societies, 

providing users with opportunities to advance skills at simulation sessions in meetings more 

than once a year, track their progress over time, and amalgamate experiences to address gaps 

in knowledge and skills.
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Simulation curricula can be applied to multiple disciplines of cardiology, including but not 

limited to interventional cardiology and electrophysiology, as a complement to clinical 

training for FITs and to enhance skill sets for practicing cardiologists (23,25–27,38–40). 

This would provide opportunities to hone clinical skills and enhance knowledge of the 

management of a variety of clinical scenarios such as cardiogenic shock, unstable 

arrhythmias and other frequently encountered conditions. As simulation is still an emerging 

educational tool in cardiovascular education, further research and validation is needed to 

confirm its impact on retention of knowledge and clinical outcomes and affirm its value as 

sufficient to justify the cost and effort involved in creating and promulgating this technology 

(20). Additionally, further investigation into the optimal amount of simulation experience to 

learn a new skill set or achieve competence is needed.

Educational Portfolios

While online portfolios are an established method of collecting and documenting formal 

professional education, they have been underutilized for lifelong learning (41). A 

personalized educational portfolio created during fellowship and automatically updated 

throughout one’s career could be helpful to physicians in practice. Content should be 

specific to the individual’s career focus or clinical interest and might include clinical 

practice guidelines, best practices, review articles, and pertinent research data. Ideally these 

resources would be compiled across the breadth of cardiology – from specialty societies to 

journals to conference proceedings. Quizzes and other self-assessment tools could be 

generated that could be used to earn credit for continuing medical education. Professional 

organizations, including the American College of Cardiology, are developing such 

personalized educational portfolios (42), but the various stakeholders (including professional 

societies and accrediting bodies) must work together to optimize implementation and 

dissemination.

Digital Platforms

Digital educational platforms can also be leveraged to create a personalized foundation for 

lifelong learning. The physician-authored reference site, UpToDate, which provides 

comprehensive reviews of topics in cardiology and medicine, is viewed more than 32 million 

times each month by nearly 1.3 million users (43). Trainees and practicing cardiologists also 

turn to podcasts and webcasts to learn about developments in the field. Weekly audio 

summaries of Journal of American College of Cardiology (JACC) articles by the Editor-In-

Chief have been downloaded more than 3 million times since their inception in 2014 (24) 

while the College’s ACCEL platform has enjoyed success for over 50 years. Similar 

podcasts from Circulation (20), “Quick-Take” videos from The New England Journal of 
Medicine, and online extensions of other journals are also popular. Social media platforms 

have also been widely adopted. Society-specific Twitter feeds and Facebook pages facilitate 

information sharing and knowledge dissemination (especially during annual meetings). 

While these digital tools are presently popular in cardiology graduate medical education, 

expanding their scope into lifelong learning endeavors is an unfulfilled opportunity.

Virtual journal clubs have emerged as a medium for discussing landmark papers (44). 

Twitter hashtags and lists allow users to filter content and identify others with common 
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interests. Several professional journals and societies utilize Twitter to conduct journal clubs. 

Virtual journal clubs bring together participants with diverse backgrounds and perspectives, 

bridge geographic divides, and promote timely dissemination of research developments and 

innovations. Twitter journal clubs typically introduce a targeted hashtag, announcing the 

topic through channels familiar to the intended audience, and invite broad discussion and 

sharing of clinical experience (45). This avenue of communication and interaction allow 

researchers to connect with other investigators, clinical experts and patients. Metrics 

reflecting the number of times posts are shared, retweeted, or marked as favorites, or the 

popularity of topics or hashtags can be tracked using tools like Altmetric® to assess impact 

(46).

Personalized online streaming media portals (similar to the Khan Academy model) can 

enhance professional education. Consolidating podcasts, webcasts, and information from 

other digital resources (point-of-care references) along thematic categories make these 

lifelong learning tools readily accessible via the Internet. These commercial resources could 

be combined or housed by professional societies as an online educational library of member-

submitted content and may include de-identified case material, journal clubs, and expert 

analyses. While proprietary issues may potentially pose a problem, cooperative efforts to 

ensure appropriate authorship and revenue equity would encourage sharing to promote 

lifelong learning.

While efforts to consolidate content from various digital resources are necessary, organizing 

the content so it is readily accessible and searchable is equally important. One solution is to 

‘tag’ content. Beyond identifying content across disciplines (i.e. hypertension, acute 

coronary syndrome, echocardiography, etc), categorizing educational content according to 

competencies delineated in competency statements would allow cardiologists to identify 

knowledge gaps and areas that require further study. While such efforts are underway by the 

College, the ultimate goal would be to create a standardized taxonomy for tagging.

Adaptive Learning

Clinicians learn best when they confront clinical problems that mirror real-world situations, 

receive feedback on the choices they make, and come to understand their mistakes (47). 

Adaptive learning employs computational algorithms to continuously adapt questions and 

outcomes to identify knowledge gaps and enhance performance. This approach provides an 

opportunity for learning in a practical format that optimizes “teachable moments” and 

refines clinical acumen.

Eleven medical schools participating in the American Medical Association’s Accelerating 

Change in Medical Education initiative are developing adaptive learning curricula (48). In 

this program, faculty seek to identify educational milestones and promote the development 

of master adaptive learners, emphasizing transitions from pre-medical to undergraduate and 

graduate medical education (49). At the New York University School of Medicine, clinical 

choices made by panels of students based on real-time patient data are compared to the 

decision made by experienced practitioners. At Vanderbilt University, data generated from 

students in response to online video lectures, demonstrations, discussions, assignments and 

testing are collected and individual curricula are adapted to focus on areas of weakness (48). 

Narang et al. Page 7

J Am Coll Cardiol. Author manuscript; available in PMC 2019 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Similar data-driven strategies could be adapted to promote lifelong leaning in cardiology. 

Data compiled from simulations and digital learning tools can form the foundation of high-

yield learning modules for fellows and practicing cardiologists.

The New England Journal of Medicine Knowledge+ program is an example of an online 

adaptive learning platform that could be adapted to cardiologists. Designed for internal 

medicine physicians as well as subspecialists, this platform uses more than 1500 clinical 

vignettes developed by expert authors and serial assessments tailored to the specific learning 

needs of each user. A key feature is the emphasis upon active testing rather than passive 

reading. The question-delivery engine uses algorithms to assess how an individual learns and 

delivers questions targeted to knowledge gaps (47). Subject areas in which the examinee 

scores well are deemphasized in favor of areas in which the user scores poorly to identify 

knowledge gaps and facilitate acquisition of competency. A similar program is now 

underway for the educational technology startup, Knowledge to Practice®, which offers 

CME opportunities to busy cardiovascular professionals through its online, adaptive learning 

platform and has been featured in the Mayo Cardiovascular Medicine Board Review for 

initial certification and recertification.

Adaptive learning using small-group, case-based sessions complement conventional medical 

conferences and can potentially replace didactic, lecture-based sessions (50). In this context, 

participants critically examine clinical management scenarios under the guidance of expert 

moderators. Each set of choices (i.e., selection of medical therapies, fluid management, 

inpatient versus outpatient monitoring, use of invasive procedures or devices) is 

accompanied by clinical data. Various iterations result in different outcomes. The sessions 

are followed by debriefing sessions in which mistakes are addressed and corrective actions 

are explained.

Adaptive methods can also be useful for gaining competency in procedural skills. In a study 

of trainees learning transesophageal echocardiography in which one group employed an 

adaptive learning module while the control group did not, the adaptive learning group 

achieved greater accuracy in diagnosis of cardiac pathology (51). This example may be 

transferable to other areas of cardiology.

Finally, adaptive learning might be particularly useful to gain mastery of challenging topics 

such as congenital heart disease or hemodynamics. Adaptive learning programs are well 

suited to delivery on mobile devices, in keeping with the spirit of lifelong learning, and in 

the future, could be used not only for self-assessment but also for maintenance of board 

certification. While the majority of adaptive learning research has focused on trainees, its 

impact on lifelong learning for practicing cardiologists could be immense but at present 

requires further exploration.

The Flipped Classroom

In the ‘flipped classroom’ model, the traditional approach by which an instructor provides 

didactic information to the learner is reversed, and the learner views instructional material 

(typically via multiple modalities, such as videos, articles, online discussions) in advance 

and participants work collaboratively on an assignment based on this material. This model is 
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readily applicable to lifelong learning, but having the right type of ‘advance’ work assigned 

is crucial to success. The content must be engaging, compliant with adult learning theory, 

and leverage multiple study strategies (visual, auditory, reading/writing, kinesthetic) to 

accommodate various types of learners.

The flipped classroom has been successfully implemented in other disciplines (52–56), but 

adoption has been slower in cardiology. Junior trainees randomly assigned to a flipped 

classroom scored higher on ECG interpretation than a control group taught in a lecture-

based classroom (57). The Council on Functional Genomics and Translational Biology 

evaluated a flipped classroom model at the 2015 American Heart Association Scientific 

Sessions, and found that learners viewing online videos followed by small-group discussions 

preferred this method (76%) over didactic lectures (5%) (58). The flipped classroom has 

been associated with improved problem solving skills, better collaboration with colleagues, 

and increased satisfaction compared to the traditional classroom model (54,59). This 

modality has the additional advantages of translating theoretical knowledge into clinical 

applications and efficiency, which are appealing given time constraints upon physicians at all 

stages of their careers (60). As with personalized and adaptive learning, technological 

advances have made flipped classroom learning feasible, scalable, and customizable (61). 

Content can be customized to accommodate clinical schedules, multiple modalities can be 

made available in one location or simultaneously in several locations, and the best teachers 

can reach a larger number of students than is achievable under conventional educational 

models.

Conclusions and Future Directions

Graduate medical education and lifelong learning are a multifaceted mandate for fellows-in-

training and cardiologists in practice to ensure optimal and efficient continuous professional 

education (Central Illustration). There is a notable lack of published literature on improving 

lifelong learning in the field of cardiovascular medicine. While learning strategies in 

graduate medical education have been explored in more depth, this, too, represents a fertile 

area where further research is warranted. In addition, the cost of implementing novel 

learning strategies is largely unknown but likely to be significant and the metrics of success 

for these novel tools (learner satisfaction, knowledge retention, and patient-centered 

outcomes) compared to standard educational practices needs clarification. Moreover, the 

growing clinical and non-clinical demands on the time and energy of cardiologists, an 

accelerating growth of knowledge and technology, increasing sub-specialization, fixed 

duration of formal training and the importance of achieving and maintaining competency 

while maintaining a healthy balance between personal pursuits and professional 

responsibilities remain challenging. Solutions to create an optimal lifelong learning 

environment depend upon continuously adopting appropriate learning methods and adapting 

to new techniques. In a technology-driven era, leveraging models such as the educational 

portfolio, personalized and adaptive learning and the flipped classroom can help balance 

educational and clinical responsibilities and practice more seamlessly than ever before. In 

this manner, the unrealized potential of lifelong learning may be achieved.
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Central Illustration. Lifelong Learning Tools for Cardiovascular Medicine
While traditional lifelong learning platforms have centered around conferences and print 

materials, novel educational platforms (adaptive learning, personalized learning, and the 

flipped classroom) are emerging as practical solutions to meet the lifelong learning needs of 

fellows-in-training and practicing cardiologists.
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Table 1

Key components necessary for the ideal lifelong learning program. Based on concepts from adult learning 

theory and the educational cycle, the key characteristics listed below are fundamental for development of any 

lifelong learning educational program.

Key Component Description

Learning Objectives • Learning objectives should be clear, attainable, and communicate the intended educational 
goals

Evidenced-Based Medicine • Educational programs should incorporate the latest evidence-based medicine including 
clinical practice guidelines

• In domains where evidence and guidelines are sparse, expert consensus statements may be 
acceptable

Translatable to Clinical Practice • Educational programs should be created with the intent to improve the management of 
patients with cardiovascular disease utilizing clinical cases and other “real-world” 
applications

Smart Use of Technology • Lifelong learning initiatives should identify and incorporate novel technology with the goal 
of improving content delivery while maintaining quality and ease of use

Efficiency • Educational programs need to be concise and efficient in their requirements for successful 
completion

Critical Assessment of Programs • Ongoing critical assessment of lifelong learning programs by both the educators and learners 
is key to ensure programs remain relevant and optimized for meeting their educational 
objectives
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Table 2

Novel educational tools for lifelong learning in cardiology. Three proposed educational strategies 

(personalized learning, adaptive learning, and the flipped classroom) to improve lifelong learning for 

cardiologists are detailed.

Educational Strategy Description Advantages Applications

Personalized Learning • Knowledge acquisition is 
facilitated by determining 
the specific needs of the 
learner and then 
customizing educational 
content

• Based on data from an 
individual’s survey or 
standardized pre-test 
assessment, a tailor-made 
curriculum is generated 
based on strengths and 
weaknesses

• Overcomes time 
constraints

• Tailored to learner’s 
needs

• Incorporation of 
practical knowledge 
and skills

• Harnesses 
technology to keep 
learning up-to-date 
and relevant

• Simulation 
training

• Video-based 
coaching

• Personalized 
educational 
portfolios

• Digital platforms

Adaptive Learning • Employs computational 
algorithms to continuously 
‘adapt’ any given test to 
enhance feedback and user 
performance where 
knowledge gaps may exist

• Also employed in the 
small-group setting with 
case-based sessions under 
the guidance of expert 
moderators

• Overcomes time 
constraints

• Tailored to learner’s 
needs

• Optimizes ‘teachable 
moments’ in a given 
educational session

• Well-suited for 
mobile device 
learning

• Procedural skills

• Online board 
review courses

• Maintenance of 
certification

• Challenging 
educational 
topics and 
clinical scenarios

Flipped Classroom • Learner views 
multimodality instructional 
material ahead of a live or 
virtual classroom session

• During class, participants 
work collaboratively on an 
assignment or patient case 
based on the didactic 
material

• Overcomes time 
constraints

• Effectively translates 
theoretical 
knowledge to its 
application in clinical 
practice

• Utilizes multiple 
learning modalities

• Procedural skills

• Didactic sessions 
at conferences

• Maintenance of 
certification
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