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In the era of evidence-based medicine, leaders in cardio-
thoracic surgery education research are advocating for
rigorous education research to best advance the future of
cardiothoracic surgery.1 Societies and organizations that
serve the field provide an arena for advancing and discus-
sing new research and knowledge with the ultimate goal of
advancing patient care.2 We offer an overview of recent
education initiatives and advances in cardiothoracic sur-
gery, focusing on peer-reviewed published work and mate-
rial presented at annual meetings during the 2018-2019
academic year. The research is presented beginning with
topics in cardiothoracic surgery pertinent to medical stu-
dents, then residents, then the greater community, with
sections devoted to the fields of cardiac surgery and
thoracic surgery.
racic surgery, this article high-
lights this year’s advances in
education research and provides
commentary on what is in store
for cardiothoracic surgery
education.

PERSPECTIVE
Much research into education within the field of
cardiothoracic surgery occurred during the 2018-
2019 academic year. Robust sessions provided
highlights at cardiothoracic surgery-related
annual meetings demonstrating that it has again
been an exciting year for the field. Advances in ed-
ucation are critical to the development of this
specialty and will form the core of future cardio-
thoracic surgery education.

See Commentaries on pages 1138 and 1139.
TOPICS IN CARDIOTHORACIC SURGERY
EDUCATION
Medical Student Education: How to Foster Interest
and Success

General surgery and cardiothoracic surgery interest
groups continue to prove effective in increasing interest
in surgical fields through peer-led programming and ac-
cess to faculty.3-5 Early exposure to surgery through
society scholarships drastically increases the likelihood
of going into a surgical field, including cardiothoracic
surgery.6 This was quantified by comparing the match re-
sults of American Association for Thoracic Surgery
Summer Scholars with the general medical student popu-
lation, which displayed a 32% match rate into general
surgery or cardiothoracic surgery compared with 8% na-
tionally among those who did not participate in this
program.6

Further research into the success of medical students
focused on performance in the general surgery clerkship.
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Results indicated that using multiple, varied resources to
study for the National Board of Medical Examiners exam
with increased study time closer to the exam resulted in bet-
ter scores.7 Overall performance on the surgical clerkship is
important, because earning a High Pass or Honors was the
only factor that correlated with matching into a surgical res-
idency.8 Using these data to aid students, medical schools
should continue to foster the development of surgical inter-
est groups, specifically with access to faculty early in med-
ical school and within the surgical rotation. Support should
also include evidence-based National Board of Medical Ex-
aminers study strategies.
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Residency Training: Pitfalls in Education
In recent years, residency education has trended toward

earlier specialization for those sure of their interests. This
topic was discussed in detail last year.9 The key highlights
include that integrated residencywas more popular amongst
those interested in a cardiac surgery career, traditional and
4/3 residencies were more popular amongst future thoracic
surgeons, and that integrated programs offered lower
general surgery case volumes.9 In amalgamating research
from this year, the field continues to see increasing numbers
of integrated training programs, in which trainees apply and
matriculate directly into cardiothoracic surgery-specific
training programs in lieu of the traditional general surgery
residency followed by cardiothoracic surgery fellowship.
Concomitantly, there have been increasing trends toward
further subspecialization within cardiothoracic surgery,
with many practicing either cardiac surgery or thoracic sur-
gery, rather than both. Several studies have raised questions
about this training model. When comparing integrated
cardiothoracic surgery program graduates who went on to
practice combined cardiothoracic surgery versus those
who went into primarily cardiac or thoracic surgery, those
who practiced combined cardiothoracic surgery were
more likely to report excellent preparation for qualifying
examinations than those who subspecialized. Subspeciali-
zation led to self-reported perceived deficiencies in respon-
dents’ nonspecialty areas.10

The move toward integrated cardiothoracic surgery
training programs also has potential influence on traditional
general surgery trainees. One study found that, among
general surgery residents—even in senior residents with
higher case volumes—there remained a lack of comfort in
performing thoracic procedures, particularly lobectomies.11

Residency curricula should continue to emphasize general
surgery trainees’ exposure to thoracic surgeries. If adequate
exposure is not obtained such that trainees continue to be
uncomfortable, then this study would advise programs to
prevent nonfellowship-trained residents from performing a
lobectomy.11 A review of the Accreditation Council for
Graduate Medical Education operative log reports for gen-
eral surgery residents from 1990 to 2018 shows that first as-
sistant cases have decreased from 21.8% of total operative
experience in 1990 to 2.5% in 2018.12 Teaching assistant
cases have also dropped, from 7.4% in 1990 to 3.5% in
2018, although there has been a slight recent uptrend since
2010.12With such self-reported data, it is prudent to consider
that residents may be inaccurately reporting their role in the
surgery or that assistant surgeries fail to be reported because
they do not contribute to graduation requirements. However,
educators should consider that trends are moving toward
more active, teaching assistant case-based training modes.
To accommodate, programs should continue to encourage
appropriate technical autonomy and decision making.
1134 The Journal of Thoracic and Cardiovascular Sur
Researchers have sought to understand how burnout af-
fects residents and ways to safeguard from burnout. Tradi-
tional markers of resident evaluation and progress—US
Medical Licensing Examination scores, American Board
of Surgery In-Training Examination percentile, or surgical
milestones were not shown to correlate with burnout.13

One study, however, demonstrated that mean global
emotional intelligence (EI) was lower in residents who re-
ported burnout, as defined by high emotional exhaustion,
high depersonalization, and low sense of personal accom-
plishment.13 Alternative metrics assessing EI, such as the
trait EI questionnaire and Maslach Burnout Inventory, are
needed to adequately assess resident burnout. With accurate
measurement, active programing can be instated to prevent
and address burnout. Propensity for burnout can be miti-
gated by utilizing 6 different habits: sleep, exercise, medita-
tion, gratitude, self-compassion, and connection.14 By
integrating these habits, trainees and physicians can form
a so-called resilience bank account to optimize their clinical
performance.14

Hidden biases and mistreatment are also emerging on the
forefront of research in cardiothoracic surgery similar to
other fields of medicine. Sexual harassment in cardiotho-
racic surgery was assessed through a survey distributed to
the Society of Thoracic Surgeons, Women in Thoracic Sur-
gery, and Thoracic Surgery Residents Association list-
servs.15 The results indicated that all levels of training—
medical students to surgeons—were affected. Among
attending surgeons, 81% of women and 46% of men had
experienced harassment.15 Unconscious biases were also
present within surgical education. Although stereotyped
pattern recognition is important to the development of clin-
ical acumen and operational skills, it harms the training pro-
cess when people are not aware of their own hidden
biases.16 Applicant selection, perception of trainees, and
patient care can all be negatively affected by unconscious
biases. Training programs should create policies to combat
potential biases and promote a culture of diversity and
inclusion.16

Several articles this year discussed the importance of
deliberate practice outside of operating rooms. The see 1,
do 1, teach 1 mantra should be modified to include the
importance of practice at each stage of skill acquisition.17,18

To do this, the field must continue to embrace practice as a
core part of training, encourage creation of personal or
institutional drills, and develop systems for coaching and
measuring trainee progress.18 There has been debate con-
cerning the influence of fatigue on resident performance
in training simulations, yet a study of pre- and postcall resi-
dent acquisition of robot simulator skills demonstrated no
difference in overall scores and time to completion.19

This suggests that residents should implement practice
when feasible.
gery c October 2020
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Simulation is an increasingly studied modality for prac-
ticing cardiothoracic surgery and should continue to be
researched to provide optimal resident and surgeon devel-
opment.9 Although surgical simulators have been criticized
by some for not being high-fidelity, today’s evolved and var-
ied simulations can be used to practice rare events and diffi-
cult cases, improve patient safety, and augment team
performance and confidence.20-22

Another area of research regardingmodes of practice per-
tains to the role of mock oral examinations in preparation
for certifying exams. One study examined the implementa-
tion of biannual mock oral examinations and found that par-
ticipants gradually improved over the course of the study
and then achieved a 100% pass rate on the certifying
exam. Despite the labor-intensive nature of designing and
administering mock oral examinations, the authors
concluded that the mock exams were a useful education
adjunct to both assess and prepare trainees for their certi-
fying examination.23

Regarding cardiothoracic residency accreditation, the
Accreditation Council for Graduate Medical Education
laid a foundation to have the milestones revised for all med-
ical specialties beginning in 2018. For thoracic surgery, a
committee representing the stakeholders (American Board
of Thoracic Surgery, Thoracic Surgery Directors Associa-
tion, Thoracic Surgery Residents Association, and other
volunteers) was convened to begin the second rendition,
to be known as Milestones 2.0. The individual milestones
representing the core competencies for medical knowledge
and patient care were simplified, and common languagewas
drafted for all specialties in the other areas of systems-based
practice, practice-based learning and improvement, profes-
sionalism, and interpersonal and communication skills. A
brief review of this process and documentation is summa-
rized by Mitzman and collegues.24 Implementation for all
Accreditation Council for Graduate Medical Education ac-
credited training programs will begin in July 2020.

Social Media Connects Attendings and Students
The establishment of the Thoracic Surgery Social Media

Network, a collaboration of leading cardiothoracic surgery
journals to highlight publications over social media, has led
to the dissemination of literature to a larger audience and is
an avenue for trainee tweet-based journal clubs.25,26 The
benefits of this practice include rapid dissemination of in-
formation, establishing a brand, cataloging educational
take-home points, providing education experiences to those
not at the conference or session, and opportunities for
networking and mentorship.27 Caution must be taken
when using social media to ensure that posts remain
professional, anonymous (regarding patient information),
accurate, and within the bounds of medical ethics and
approved research practices.28 Social media will only
become more present; thus, research into improving its
The Journal of Thoracic and Car
use and effectiveness in cardiothoracic surgery is timely
and uniquely important.

Cardiac Surgery Education Research
Researchers are developing simulators aimed at aug-

menting skill acquisition outside of operating rooms specif-
ically for the wide variety of cardiac surgery procedures. A
high-fidelity minimally invasive mitral valve surgery
(MIMVS) simulator has been developed for endoscopic
and robotic procedure training. Appropriate width and
depth equations were developed to calibrate the 4 cameras
within the simulator; using this model, 99 surgeons vali-
dated that this model would be useful for training in
MIMVS with suture placement that felt realistic.29 The
MIMVS simulator technology has the potential to be valu-
able for skills acquisition and assessment going forward,
but at the moment requires more validation to demonstrate
its reproducibility in operating rooms and effectiveness in
improving patient outcomes.30

A saphenous vein harvest model is another simulator that
is in the early stages of development.31 Performance ratings
have shown that it could reliably indicate skill level,
because those with higher levels of experience performed
slightly better than those with less experience.31 Further
work is needed to ensure that skills are appropriately trans-
ferrable to practice. The Ramphal cardiac surgery simulator
was modified to simulate cardiac transplantation beginning
at the stage of surgery following removal of the native
diseased heart.32 This technology allows for repetitive prac-
tice due to the ability to replace component parts, provides
the opportunity to practice individual steps of the operation,
and incorporates adverse event training.32 Concerning all
cardiac simulation models, there remains a need to ensure
that these measures translate to actual performance in oper-
ating rooms and improved patient outcomes.33

One study evaluated a cardiac surgery trainee’s ability to
perform so-called skin-to-skin operations, including coro-
nary artery bypass grafting cases and/or valve replacements
by assessing whether they successfully performed defined
critical steps in the operation, compared with a single,
attending surgeon. In this study, the patients within the
cohort where trainees conducted the operation had no dif-
ference in postoperative death or major morbidity, although
there was a slightly higher readmission rates compared with
those in the attending surgeon cohort.34 Similar favorable
results, with better-than-expected outcomes in trainee-
performed cases, were seen in a study measuring the
learning curves of cardiac surgery trainees. When including
coronary artery bypass grafting cases and/or valve opera-
tions in the Society of Thoracic Surgeons database, the resi-
dent learning curve shows a small increase in adverse events
peaking at 70 cases then immediately declining and leveling
out at 140 cases.35 No individual resident was associated
with overall mortality or any major morbidity.35 With these
diovascular Surgery c Volume 160, Number 4 1135
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outcomes, academic programs should continue to provide
trainees with experience as the primary operative surgeon.

Satisfaction of cardiac surgery trainees is another area of
interest. A study based in the United Kingdom indicated
that national trainees are satisfied with clinical and educa-
tion supervision (both during hours and outside of work
hours), but they remain dissatisfied with the workload.36

Although nationally there were trends toward better overall
satisfaction, the researchers encourage individual hospitals
to perform trainee-specific analysis of satisfaction and
dissatisfaction to improve their programs.36

Collaborative learning models, or team approaches to
learning, were studied in the field of pediatric cardiac
care. Leveraging others’ experience in learning intensifies
and expedites the learning process, especially in regard to
newly implemented techniques and best practices.37 By im-
plementing learning in a collaborative setting, training
could better reflect the real challenges of an operating
room, which involves many different disciplines outside
of cardiac surgery.

Thoracic Surgery Education Research
With segmentectomy becoming increasingly common

for early lung cancer and benign lesions, examination of
the learning curves for these procedures is particularly rele-
vant. For video-assisted thoracic surgery (VATS) segmen-
tectomy, the inflection point for the learning curve, where
the operating surgeon transitioned from phase 2 (increased
competence phase) to phase 3 (highest skill phase) was
identified at 84 cases; this was determined based on opera-
tive time and the cumulative sum value of operative time in
all cases.38 The learning curve for robotic segmentectomy
was also divided into 3 phases, with technical competency
determined to occur in the second phase during the 40th
case.39 Operative time and blood loss tended to decrease af-
ter phase 1, the initial learning phase.

Another subject of extensive research is VATS lobec-
tomy, especially in regard to validation of the VATS Assess-
ment Tool (VATSAT), a novel assessment tool for surgical
technique. Virtual reality filming of individuals of varying
skill levels provided validity evidence for VATSAT accord-
ing to unitary framework.40 Experts in VATS also validated
the VATSAT tool using the Delphi method.41 The VATSAT
provides procedure-specific training and feedback to better
prepare trainees and young surgeons to perform VATS
unsupervised.41,42

Endoscopy is an important skill for thoracic surgery res-
idents. Because the Fundamentals of Endoscopic Surgery
(FES) exam is required during residency, it is recommended
that residents do at least 15 minutes of training per week to
improve proficiency.43 The FES performance exam initially
revealed higher scores for men than women, but through the
use of task-specific simulation-based mastery learning,
gender-based difference in pass rates were eliminated.44
1136 The Journal of Thoracic and Cardiovascular Sur
Other methods for improving FES exam performance
include a dedicated curriculum for residents developed by
endoscopy experts from FES online didactics and training
cases from the GI Mentor II simulator.45 In this curriculum,
residents were required to complete online didactics and
achieve expert performance twice on simulator cases.45

To better understand how to improve thoracic training
programs in the United States, training was compared
with residencies in Canada. Although there were many
areas studied, results regarding resident education demon-
strated that simulation training is more common in the
United States, whereas an annual 4-day national bootcamp
is unique to Canada.46 The bootcamp course consists of lec-
ture and animal-model sessions aimed at teaching key foun-
dational procedures within thoracic surgery. It was
developed over 3 years in response to needs-assessments
and resident survey data.47 The response to the course has
been overwhelmingly positive, although annual modifica-
tions continue to be made for further improvement.
Continuing to integrate educational opportunities will serve
current and future trainees well as thoracic surgery is met
with further technologic advances.

CONCLUSIONS
There have been significant and exciting advances in the

field of cardiothoracic surgery education in the 2018-2019
academic year. This is not an exhaustive list of the topics
studied during this time, but we aimed to provide some
highlights and updates. Developing and validating simula-
tion technologies, establishing reproducible learning
curves, and improving the medical student surgical clerk-
ship experience were particularly popular topics this year.
Innovations that bolster training programs are of high inter-
est. With programs and surgeons instituting the new
techniques and methods, it is clear that research-based edu-
cation will positively influence the training of future medi-
cal students, residents, and faculty. Continued investment in
educational research, validation of training techniques, and
development of training tools and curricula will continue to
advance cardiothoracic surgery.
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