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BACKGROUND: The topic of neonatal cardiovascular care in neonatal-perinatal medicine (NPM) fellowship training has continued
to transform due to increased complexity of patients, development of specialized units, continued Accreditation Council for
Graduate Medical Education requirements, and clinical practice variation across centers that care for neonates with congenital heart
disease (CHD).
METHODS: We developed a neonatal cardiac curriculum comprised of eight interactive sessions with novel active learning
concepts specific to our NPM fellows. A self-assessment survey in comfort in managing infants with CHD and perceived
competency in neonatal cardiology topics was performed by all neonatology fellows at baseline and after completion of the
curriculum. The American Board of Pediatrics Subspecialty In-training Exam (SITE) scores for fellows were compared to that of the
national average.
RESULTS: The average comfort score (0–100) of the first-year fellows increased from 33 to 76, and that of the second and third-year
fellows increased from 72 to 86, and 75 to 86, respectively. The first-year fellows improved their competency score by 44 points
(3 standard deviations), the second-year fellows improved their score by about 26 points (one standard deviation), and there was an
overall 9-point increase in the competency score of all fellows (one standard deviation). The average local SITE score was lower than
the national average before the initiation of this curriculum, became nearly equal to the national average score at the end of the
first year the curriculum was implemented, and has progressively become higher since then.
CONCLUSION: Due to the variable clinical exposure and differing practice models of managing CHD a neonatal cardiac curriculum
may be beneficial to NPM trainees.

Journal of Perinatology (2024) 44:1186–1192; https://doi.org/10.1038/s41372-024-01986-4

INTRODUCTION
Neonatal-perinatal medicine (NPM) fellowship has continued to
develop over the last sixty years since the emergence of neonatal
training programs in the early 1960s. Recently, French et al
highlighted the essentials of NPM training including the current
transformations in clinical practice seen in the United States [1].
Several factors have influenced the change in neonatal cardio-
vascular care including increased patient complexity, develop-
ment of neonatal specialized units, creation of patient safety-
driven teams, and trainee duty hour restrictions. These recent
changes have led to variations in training and experiential
learning amongst neonatal fellows [2, 3]. Additionally, there is
remarkable clinical practice variation in the United States among
primary teams who care for neonates with congenital heart
disease (CHD) [4]. Location and type of care team vary for infants
with cardiac anomalies based on institutional guidelines. This
results in potential gaps in knowledge and clinical experience
amongst NPM trainees. The development of neonatal cardiac
conferences in large centers has shown a positive correlation with
multidisciplinary collaboration [5], but no such educational
curriculum in neonatal cardiology has been established other

than the core competencies determined by the Accreditation
Council of Graduate Medical Education (ACGME) and the
American Board of Pediatrics (ABP) [6, 7].
Moreover, there is an emergence of neonatologists who have

research and clinical interests in cardiovascular care with the
introduction of fellowship programs that offer both structured and
non-structured training pathways to improve skillsets in con-
genital and acquired heart disease [8]. Additionally, targeted
neonatal echocardiography has significantly increased the level of
cardiovascular understanding and hemodynamic assessment to
improve the care of neonates with hemodynamic instability.
Despite the development of these specialized structured and
unstructured pathways, advanced cardiac intensive care and
hemodynamic skillsets are not required as core competencies
described by the ABP and ACGME [6, 7].
In 2018, the collective scores of the ABP Subspecialty In-Training

Exam (SITE) for NPM fellowship at Northwestern Feinberg School
of Medicine in the cardiology section were eleven points ( ~ two
standard deviations) below the national average. This gap in
knowledge of cardiovascular physiology along with the growing
concerns about the variable landscape in neonatal cardiovascular
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training and experience led to a call for action. The authors of this
manuscript developed an active-learning neonatal cardiac curri-
culum based on core competencies outlined by the ABP and
ACGME and describe the results of the implementation of this
curriculum and educational intervention.

METHODS
Curriculum development
We used the six-step approach described by Kern et al to initially assess
and build our neonatal cardiac curriculum [9]. After (1) problem
identification and (2) targeted needs assessment within the neonatal-
perinatal fellowship, a unique collaborative effort between the Depart-
ments of Neonatology and Cardiology sought to (3) identify goals and
objectives, (4) develop the educational strategy and design the curriculum,
(5) implement the curriculum and (6) obtain evaluation and feedback. The
content outline for cardiology provided by the ABP Subspecialty Board of
NPM to develop in-training, certification, and maintenance of certification
examinations was used as a baseline guide to ensure that the cardiology
curriculum within neonatology addressed the specific elements of
knowledge within each section of the outline. We used the content
outline that was used by the ABP prior to March 1, 2022, since it is a
significantly more robust and detailed content outline for NPM [10].
Additionally, it is the content outline that was current at the start of
curriculum development.
Knowledge content was developed and presented by the core faculty

who were comprised of two board-certified cardiologists and one double-
boarded in neonatology and pediatric cardiology. This was a concerted
effort by both departments to collaborate in improving the training
provided to the neonatology fellows. The curriculum consisted of eight
sessions that included basics of echocardiography, cardiovascular physiol-
ogy, neonatal arrhythmias, cyanotic and non-cyanotic CHD commonly
seen in the newborn period, single ventricle lesions, and perioperative
management for these cardiac pathologies. While each session was led by
one of the core faculty members, the other two faculty members served as
an interactive expert panel for individual questions brought up by the
audience. The core faculty estimate that a total of 60 h (20 h/faculty) was
spent in the creation of the curriculum including live interactive sessions,
preparation of the recorded sessions, creating pre and post-tests,
assessment surveys, and additional logistics of running a session that
provided continuous medical education (CME) to the neonatology
department. No additional education time was provided to the faculty
for this endeavor.

Participant selection
All NPM fellows at Northwestern University Feinberg School of Medicine
between September 2019 to 2022 participated in the neonatal cardiac
curriculum. Baseline data were collected on all twelve NPM fellows (four
fellows per year for a 3-year NPM fellowship program) prior to the initiation
of the curriculum. This baseline data was from a targeted needs
assessment survey (see Supplement 1) that included their year of training,
comfort level in the clinical management of an infant with CHD (on a scale
of 0 to 100 with 0 being not ready to manage an infant with CHD and 100
being fully prepared to manage an infant with CHD), and personal
perception of knowledge and competency (on a scale of 0 to 100 with 0
being not competent and 100 being highly competent) in basics of
echocardiography, cardiac physiology, neonatal arrhythmias, cyanotic and
non-cyanotic CHD in newborns. The average comfort score for four fellows
from each academic year, and an average comfort score for all twelve
fellows were calculated every year from 2019 to 2022.

Curriculum design
The neonatal cardiac curriculum was implemented in eight sessions
outlined in Table 1 that involved an array of unique learning strategies
incorporating flipped classroom methodology and encouraging concepts
from adult and active learning [11, 12]. These eight sessions were
conducted over the academic year starting in August of each year to July
of the subsequent year. The educational sessions were planned such that
there was pre-reading material provided in the form of one to two articles
and a recorded video lecture that was given one week before the actual
teaching session. Before each session, a short pre-test was conducted
consisting of five questions about the topic of the session. Each teaching
session lasted one hour except for the first session which was two hours to

encompass the comprehensive session on cardiac anatomy and physiol-
ogy. An integrative audience response platform software Poll Everywhere
(pollev.com) (San Francisco, USA) was used to generate multiple choice
questions and word clouds to describe clinical scenarios and generate
qualitative audience engagement. Zoom Video Communications, Inc (San
Jose, CA) and their video communication platform was used during the
teaching sessions once the COVID-19 pandemic began. Features such as
Zoom Annotate were utilized to allow fellows to create interactive
drawings to map out cardiac pathways and heart box diagrams. An
example is shown in Fig. 1. The chat box function was used as an
additional mode of interaction. A post-test was conducted using the same
questions as the pretest at the end of each session. Answers to the post-
test with explanations were emailed to the learners after the sessions.

Evaluation and feedback
The impact of these educational sessions was made by comparing the SITE
scores for the Northwestern fellows to that of the national average for each
year that the curriculum was implemented. The differences in the SITE
scores between the Northwestern fellows and the national average for
each academic level were compared over the years from 2018 to 2021. The
12 trainees were also asked to repeat a self-assessment at the end of the
academic year after completion of all eight sessions in the curriculum
during the academic year. This self-assessment in comfort and compe-
tence was compared to the baseline that had been performed at the
beginning of the academic year.
Assessment of the individual sessions and presenters was also collected

based on evaluation forms filled by the fellows using Likert scales (1 to 5)
to assess (1) if the learning objectives of the overall session were met,
which included the pre-recorded learning material sent ahead of time, (2) if
the learning objectives of the interactive presentation were met, (3) if the
presentation had good images, (4) if the presenter had good knowledge of
the subject area, and (5) if the presenter engaged the audience. These
evaluation forms also contained narrative feedback by the fellows on what
they liked about the talk, how the talk could be improved, and if there
were any comments for the presenters. All these evaluations and scores
were anonymous in nature and were program aggregates.
The ABP SITE exam is 150 questions of which cardiology consists of only

9% (13–14 questions) per year. As a result, there is significant year-to-year
variation of scores across all tested domains which does not allow direct
year-to-year comparisons. We evaluated the difference in average class
scores compared to the national class average to be able to compare the
impact of the curriculum compared to learners without the curriculum.

RESULTS
Table 2 shows the average comfort and competency scores from
the self-assessment survey for fellows from each academic year
and an average score for all fellows from 2019 through 2020. At
the end of the academic year, the average comfort score of the
first-year fellow increased from thirty-three at baseline to seventy-
six at the completion of the curriculum. Similarly, the average
comfort score of the second-year fellow increased from seventy-
two at baseline to eighty-six at the completion of the curriculum.
The third-year fellows graduated, and therefore we didn’t have
any data in 2020 for them. There was a significant overall increase
in self-perceived knowledge and competence in the basics of
echocardiography, cardiac physiology, neonatal arrhythmias,
cyanotic and non-cyanotic CHD in newborns, single ventricle
lesions, and perioperative management considerations for these
cardiac pathologies. The first-year fellows improved their compe-
tency score by forty-four points (about three standard deviations),
and the second-year fellows improved their score by about
twenty-six points (more than one standard deviation), with an
overall 9-point increase in the competency score of all fellows
(approximately one standard deviation).
Figure 2 and Table 3 describe the difference in average SITE

scores between NPM fellows at Northwestern University and the
national average SITE score for each academic level from 2018 to
2021. The average Northwestern University (local) SITE score was
lower than the national average in 2018, improved at the end of
the academic year, and was nearly equal to the national average in
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2019, and continued to improve by becoming higher than the
national average in 2020, and 2021. The average SITE scores
improved from the 2018 baseline (see Fig. 2) in all years of the
intervention. First-year trainees had a 10-point average increase
from baseline, second years had a 19-point average increase from
baseline, and the third years had a 10-point average increase from
baseline. The fellowship classes that completed the entire
curriculum (2018–2019) increased their scores by five points
(2018) and six points (2019) which is approximately one standard
deviation over three years.
Based on narrative feedback from faculty and fellows in the

individual post-session evaluation forms, and feedback provided
to the program by the fellows during their semi-annual review, the
cardiology curriculum was overall well received with key themes
being, “do more of these sessions”, “loved the interactive visual
components”, “use of poll during lecture was useful”, and we also
received valuable feedback from the trainees which we imple-
mented in subsequent years. This included including more clinical
vignettes, making talks more complex and giving fellows more
time to review pre-reading material. Additionally, the close
collaboration between the two divisions led to increased fellow
research that bridged both sections.

DISCUSSION
To the best of our knowledge, this is the first description of an ABP
competency-based neonatal cardiac curriculum showing improve-
ment in core knowledge of cardiology for neonatal-perinatal
fellowships. Our experience in designing and implementing a

cardiology curriculum for the neonatology fellowship program
was a positive one with increased self-perception of knowledge
and competence by all neonatology fellows, particularly in our
first-year trainees with the largest improvement in overall comfort
level in taking care of infants with CHD. Although ABP SITE scores
improved overall in all fellowship years compared to baseline, the
largest improvement was seen in our second-year class. As noted
in the results section the changes in comfort and competence
score, and the actual improvement in SITE scores varied between
the different classes. The self-perception of comfort and
competence in neonatal cardiology for the first-year fellows is
likely to depend significantly on their individual exposure to
pediatric cardiology during pediatric residency. This exposure is
also likely to impact the SITE score of the incoming first-year
neonatology fellow. As seen by our comfort and competency
survey assessment the highest increase amongst all the classes
was seen in the first-year fellows who started to feel comfortable
as soon as their clinical exposure to neonatal cardiology increased
in their first year of fellowship. As there is continued exposure to
cardiology, especially during rotations in the CICU and the NICU,
with a better understanding and application of the complex
neonatal cardiac physiology and pathophysiology in clinical
management, repeat versions of the same educational sessions
in subsequent years allow the trainee to absorb and grasp and
further delve into the complexities of each topic covered in the
educational sessions. Additionally, feedback from fellows included
improved multidisciplinary interactions with other subspecialties
including cardiac anesthesia, cardiac intensive care, and pediatric
cardiologists which was consistent with previous findings [5].

Fig. 1 Example of tools used during interactive teaching sessions. Strategies to improve adult learning during interactive sessions
incorporated A integrative audience response polls using Poll Everywhere and B Zoom Annotate function on Zoom Communications video
platform allowing the audience to draw on cardiac heart box diagram.

Table 2. Average comfort and competency scores from the self-assessment survey for fellows from 2019 through 2020.

Fellow Year 2019: Start of academic year 2020: Start of academic year score improvement at
end of academic year

1st 2nd 3rd All 1st 2nd 3rd All 1st 2nd All

Comfort Score (0–100) 33 72 75 57 47 76 86 61 43 15 4

Competence Score (0–100) avg 35 58 58 50 49 79 84 59 44a 26a 9a

stdev 19 14 14 9 16 8 9 10 15 20 8
aImprovement in competence score at the end of one year for both the 1st and 2nd-year NPM fellows as they entered the next academic year, with an increase
in overall competence score for all fellows. Comparisons were made between the scores of the same set of fellows as they moved onto the next academic year
(i.e., first-year fellows in 2019 who became second-year fellows in 2020, and second-year fellows in 2019 who became third-year fellows in 2020).
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Of note, several of the novel adult learning strategies in the
curriculum’s design were motivated by the social distancing
required during the concurrent COVID-19 pandemic. There was
positive feedback from fellows when remote learning was offered
along with the use of flipped classroom methodology (recorded
lectures and pre-reading material provided ahead of time to learn
the core concepts) which fellows found helpful to learn at their
own pace. The interactive teaching sessions reiterated the core
learning objectives, which were reinforced with pre- and post-test
questions. Prior to the pandemic, the sessions were in-person and
interactive using tools such as heart models, crayons, use of the
chalkboard, and intermittent Socratic style of questioning. With
the transition to online learning, there was an increased chance of
losing or being unable to decipher the level of engagement by the
trainee given that the tools of in-person eye contact, body
language, facial expressions, and easy verbal discourse were lost.
Some of this was attempted to be overcome by asking that the
trainees had their videos on, using an integrative audience
response platform software which allowed for participation by all
trainees in answering multiple choice questions that led to clinical
understanding, and also the use of word clouds to describe clinical
scenarios and generate a qualitative audience engagement. The
Zoom Annotate tool proved to be useful and engaging and
allowed participants to see each other’s drawings. Post-COVID we
have continued to keep a hybrid model for this curriculum series
due to a higher number of trainees being able to participate and
the flexibility offered to the core faculty. The use of pre-recorded
learning material to establish a baseline and online post-tests to
consolidate the learning has also been a useful strategy to further
strengthen the education provided.
The need for a robust neonatology-focused cardiology curricu-

lum is significant with several neonatal fellowships nationally
inquiring about our curriculum. Continuing a hybrid learning
approach enabled us to invite other neonatology programs to
these sessions. In 2022, we had one additional neonatology

fellowship program join these sessions. For the 2023–2024
curriculum year, we have invited seven other NPM fellowship
programs to participate in the curriculum nationally. Although our
core educational topics have not changed over the last three
years, we continue to modify sessions yearly based on the
feedback received and continually tailor learning methods to our
fellow audience.
Initial challenges in curriculum development included discover-

ing which portions of curricular needs were unmet, addressing the
imbalance between clinical demands and educational time, and
correlation of educational endeavors with actual clinical compe-
tence. The use of these novel educational methods has not been
validated, and the variability of impact was dependent on the
participation and engagement of the adult learner. We also did
not account for the variability of in-person versus virtual
interactive teaching sessions, and the overall impact of remote
virtual-based learning. Lastly, this study obtained data from a
single center and fellowship program, with a limited sample size
of twelve fellows, and was unable to provide formal statistical
significance.

CONCLUSION
Implementing a dedicated neonatal cardiac curriculum for
neonatology fellows improved knowledge of neonatal cardiac
anatomy and pathophysiology based on an increase in average
ABP SITE scores compared to national averages. There was also a
perceived improvement in the application and analysis of
concepts in cardiac pathophysiology in clinical care with an
increase in comfort and competency perceived by the fellows who
were exposed to this curriculum. Collaborative efforts between the
Divisions of Neonatology and Cardiology led to the additional
benefit of identifying neonatology fellows who had a strong
interest in cardiovascular hemodynamics research and patient
care. With the current landscape of differing clinical exposure to
managing CHD, we hope a neonatal cardiac curriculum on a
national level could be established to benefit all neonatal-
perinatal trainees.

DATA AVAILABILITY
The authors confirm that the data supporting the findings of this study are available
within the article and its supplementary materials.

Fig. 2 Improvement in SITE exam scores for the Northwestern University neonatology fellows as compared to the national average
scores from 2018 to 2021. For each of the four years, the difference in Northwestern and National ABP SITE exam scores are depicted for 1st,
2nd, 3rd year and all fellows. The general trend is an improvement in SITE scores from baseline (2018) with implementation of a dedicated
neonatal cardiac curriculum.

Table 3. Difference in SITE scores between the Northwestern
University Neonatal-Perinatal Medicine fellows and the national
average.

2018 2019 2020 2021

1st year −11 0 5 −7

2nd year −13 0 16 3

3rd year −9 2 −6 6
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