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Introduction
Education of resident physicians in newborn intensive care 

has changed dramatically over the past two decades. In 1996, 
the Accreditation Council for Graduate Medical Education 
(ACGME) limited the amount of time residents could spend 
taking care of pediatric and neonatal intensive care patients to 
6 months of their 3-year residency, including daytime rotations 
and night call. This was followed by duty hour restrictions in 
2003, which became even more restrictive in 2011 [1,2]. As a 
result, contemporary pediatric residents spend considerably 
less time in the newborn intensive care unit (NICU) than they 
did 25 years ago. Implementation of the ACGME regulations has 
led to replacement of the resident work force with advanced 
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(NICU) and as a result, resident exposure to neonatal pathophysiology has decreased. Engaging 
learners effi  ciently while balancing clinical demands is challenging. Practices to enhance adult 
education include integration of problem centered learning into the demands of daily life in an 
environment in which learners feel safe asking questions and expressing themselves. 

Methods: With this principal in mind, we developed a curriculum to enhance resident and 
medical student education during busy NICU rotations. The curriculum was case-based, available 
on-line and facilitated by neonatology faculty and fellows. A template designed to be concise 
and interactive was used to create and present the cases. After the case vignette, the template 
prompted medical students and residents to generate a differential diagnosis, order a diagnostic 
workup and narrow the diagnosis. Discussion of the diagnoses occurred at the conclusion of the 
cases; however, the template discouraged didactic lectures. 

Results: In two years, cases were viewed 2,362 times. Facilitators and learners rated the 
quality and utility of the cases favorably overall. Cases took approximately 20 minutes to 
complete. Approximately 57% of survey respondents reviewed 1-2 cases per week and 9.6% 
reviewed 3-5 cases per week. 

Discussion: A template with a concise and consistent format to construct and present cases 
allows for the creation of a curriculum that can be incorporated into a clinically demanding 
service and may enhance clinical teaching and learner engagement.

practice providers including neonatal nurse practitioners and 
physician assistants [3]. Although the ACGME regulations 
were created to enhance patient safety and resident well-
being, decreased resident time in the NICU restricts their 
breadth of exposure to neonatal pathophysiology. 

Duty hour restrictions have also brought about signi icant 
decreased resident attendance at mock resuscitations, grand 
rounds and didactic lectures [4]. According to Bloom’s revised 
taxonomy of the cognitive process, learning progresses 
through a series of stages beginning with basic knowledge and 
comprehension. Learners then sequentially progress through 
the more advanced stages of application, analysis, evaluation 
and creation [5]. The highest level of learning obtained during 
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didactic lectures are knowledge and comprehension. Contrary 
to passive learning during didactic lectures, analyzing clinical 
cases encourages the use of an active and inquiry-based 
learning method. Case-based learning allows learners to 
apply their knowledge in the analysis and evaluation of cases, 
enhancing their critical thinking. Clinical decision making by 
fourth-year dental students was enhanced by attending small 
group discussions of clinical cases. At the conclusion of the 
academic year, the dental students were evaluated with a 
Structure of Observed Learning Outcome (SOLO) taxonomy. 
SOLO taxonomy measures learning from prestructural 
(de ine, identify) through extended abstract (evaluate, 
generalize, predict, create, hypothesize, re lect). Students 
who attended the case-based discussions had signi icantly 
higher scores in the higher mental order tasks of the SOLO 
compared to students only attending traditional lectures [6]. 
This study demonstrated advanced critical thinking skills in 
the group that attended case-based discussions. However, 
assessment of basic knowledge without an evaluation of 
critical thinking has not consistently shown superiority 
of case-based education compared to traditional lectures. 
USMLE scores for medical students taught with a problem-
based curriculum did not differ signi icantly from those 
taught with a standard curriculum [7]. Third year veterinary 
students were randomly assigned to case-based instruction or 
a traditional lecture-based instruction. Students took identical 
multiple-choice examinations at 1 week and again at 4 months 
after completion of the course. The overall exam scores were 
not statistically different between the groups at either time. 
However, the students in the case-based learning group scored 
higher on the more dif icult questions, perhaps re lecting their 
increased clinical reasoning and problem solving [8]. In these 
studies, the bene it of better critical thinking skills maybe 
offset by the decreased material covered in problem-based or 
case-based education [9]. 

Although the data on the effectiveness of case-based 
learning compared to a traditional lecture series is variable, 
students overwhelmingly prefer case-based learning [10]. 
Case-based learning has been shown to be an ef icient 
method of disseminating information in situations with 
time constraints [8], such as during a busy clinical rotation. 
It is especially amenable to small group discussion as would 
occur amongst a medical team. Utilizing authentic clinical 
cases expands the breadth of patient presentations beyond 
the limited number of patients that residents and medical 
students may encounter on a clinical rotation. A literature 
review on case-based education concluded that “human cases 
impart relevance and aid in connecting theory to practice” 
[11].

Methods
A multidisciplinary education workgroup comprised of 

neonatologists, neonatology fellows and neonatal advanced 
practice providers convened with the goal of enhancing 

resident and student education in the NICU. The workgroup 
completed a strengths, weakness, opportunities, threats 
(SWOT) analysis on the current state of education in the NICU. 
The SWOT analysis identi ied an inconsistent approach to 
teaching and a sense of urgency to complete “work rounds” as 
threats to education. 

In response to the SWOT analysis, the workgroup 
developed a series of educational cases to facilitate teaching 
neonatal pathophysiology. All cases were similarly formatted 
in PowerPoint to enhance teaching consistency (Appendix 
A). The authors of the cases were able to add notes to the 
presenter view, making it easier for fellows or faculty to utilize 
the cases without signi icant advanced preparation. The 
template was designed to be concise and foster interactive 
discussions. Learners have to generate a differential diagnosis 
and request a diagnostic workup. As the cases unfold, learners 
have to narrow the diagnosis. At the conclusion, there are 
questions about the case to generate discussion on the 
management plan. Case facilitators were instructed to have an 
interactive dialogue with learners to help keep them on track 
with their analysis of the case. The goal was that individual 
case discussions be completed within the peak-adult attention 
span of 20 minutes [12]. Authors of cases were able to pick 
a neonatology topic of their choice that was appropriate 
for medical student/resident level of learning. Each case 
had American Board of Pediatric knowledge speci ications 
identi ied at the conclusion. 

The education work group invited neonatology faculty, 
fellows and advance practice providers to write the clinical 
cases. The work group used several methods to encourage 
fellows and faculty to submit cases: 

1) The administrative assistant of the education work 
group contacted faculty and fellows who had given 
previous didactic lectures to request that they develop a 
case discussion from the content of their presentations.

2) Faculty earned 25 part IV Pediatric Maintenance of 
Certi ication credits if they wrote at least two cases per 
a year, peer reviewed cases, and attended at least two 
meetings of the education work group per year.

3) The number of cases written per year was taken into 
account when calculating the faculty merit-based 
bonus given by the division. 

4) Fellows were asked to write two cases per year as part 
of their academic teaching requirements. 

Authors submitted their completed cases to the education 
work group. Each completed case was peer reviewed by two 
members of the work group. Following peer review, the cases 
went back to the original authors for inal editing. Once the 
cases were inalized they were categorized based on systems 
(pulmonary, cardiology etc.) and uploaded to a speci ied folder 
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in an institutional cloud storage system. Since the curriculum 
was available on an institutional shared website, we were able 
to track the number of times the cases were accessed. 

To encourage using the cases as a teaching tool, the 
education workgroup administrative assistant sent an e-mail 
to each fellow and faculty at the beginning of their clinical 
rotation with directions on accessing the cases in the shared 
folder and asked that they review at least two cases per week 
with learners. Learners included all medical students and 
residents that were on a neonatology rotation in one of three 
NICUs, which encompass levels of medical care II, III and IV. 
At the conclusion of the rotation, fellows and faculty received 
an electronic survey regarding their assessment of the cases 
(Appendix B). Medical students and residents received a 
different survey about the cases at the conclusion of their 
neonatal rotation (Appendix C).

Results
Case-based education began in July 2017 and the data was 

analyzed through July 2019. Within 2 years of beginning case-
based education, there have been 59 cases uploaded to the 
neonatology-shared folder with 2,362 views of those cases. 
During this period, 232 medical students/residents and 280 
fellows/faculty received a survey about how often they used 
the cases and their assessment of the utility and quality of the 
cases. 

There were 165 respondents to the medical student/
resident survey (71% completion rate). In response to a 
question about the average number of cases per week they 
reviewed with either a fellow or faculty, 1.8% reviewed > 5 cases, 
9.6% reviewed 3-5 cases, and 57.4% reviewed 1-2 cases. The 
remaining 38.8% reviewed < 1 case per week, however all but 
four had suf icient exposure to the cases to complete the survey. 
The majority of medical students and residents indicated that 
the cases expanded their knowledge of neonatology and met 
their professional expectations and needs. Medical students and 
residents also felt that the cases were up to date and translated 
evidence into practice (Figure 1).

There were 115 respondents to the fellow/faculty survey 
(42% completion rate). The average number of cases they 
facilitated per week was very similar to that reported by the 
medical students and residents (33% < 1 case, 57.4% 1-2 
cases and 9.6% 3-5 cases). Just over half of the facilitators 
(51%) were able to complete the case-based education within 
the intended 20 minutes. The remainder (44.3%) completed 
the cases in 20-30 minutes. Only 4.4% of faculty/fellows 
reported that on average the cases took more than 30 minutes 
to facilitate. Faculty and fellows indicated that the cases are 
easy to access on the neonatology-shared drive and found case 
topics relevant to what they wanted to teach. They also report 
that the cases were engaging, interactive and an effective way 
to incorporate education into service (Figure 2). 

Both groups of respondents gave a favorable overall rating 
of the cases, although the assessment by faculty and fellows 
was more favorable than that of the medical students and 
residents (Figure 3). Fellows and faculty had the opportunity 
to complete a free text question about the barriers to using the 
cases to teach during their NICU rotation. A common barrier 
identi ied by 70% of fellows and faculty was inding the time to 
review the cases. They indicated that the time barrier was due 
to high census, high acuity and limited resident availability due 
to outpatient clinics and the post-call resident leaving after 
morning rounds. Conversely, only 8% of medical students and 
residents indicated that there was insuf icient time to review 
the cases. Medical student and resident comments indicated 
some frustration that a fellow or faculty had not gone over 
more cases with them during the rotation. They indicated that 
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the number of cases reviewed was more dependent on which 
fellow or faculty was on service rather than the perceived 
competing clinical demands of the rotation. There were many 
medical student/resident comments endorsing case-based 
learning and appreciating the concise presentation of the 
cases. 

Although the cases were developed to enhance student and 
resident knowledge and analytical practice of neonatology, 
implementation of the curriculum has not been suf iciently 
consistent to measure an improvement in knowledge or skills. 
Resident evaluation of the overall NICU rotation experience 
has not changed signi icantly since implementation of case-
based learning. 

Discussion
The template that we developed (Appendix A) utilizes a 

case-based education format. The case template is not speci ic 
to neonatology and can be used to generate case-based 
discussion in any ield of medicine. The bene it of the template 
is that each case is formatted the same so that facilitators 
know what to expect when they utilize the cases to teach. 
Slide notes enable facilitators to review the cases with little to 
no advanced preparation. The template encourages learners 
to generate a differential diagnosis and management plan so 
that the presentation does not digress into a didactic lecture. 
The format was effective in limiting the time to discuss the 
cases, allowing fellows and faculty to integrate the cases to 
supplement bedside teaching. The 2,362 views of the cases in 
two years is a testament to their perceived educational value. 

The curriculum met our stated educational objectives for 
this project. A curriculum has been previously published that 
utilizes case vignettes in neonatology to evaluate knowledge 
gained from an evidence-based medicine curriculum [13]. 
Conversely, we designed our case-template to develop brief 
and interactive cases, which will supplement learning from 
patient encounters. Facilitators were able to explain neonatal 
pathology utilizing case based education. According to the 
faculty and fellows surveyed, the cases were engaging, 
interactive and an effective way to incorporate education 
into service. Requiring each case to have American Board of 
Pediatric knowledge speci ications identi ied at the conclusion 
assured that the material would be timely, evidence based and 
pertinent to the medical students and residents. The overall 
assessment of the cases by faculty, fellows, medical students 
and residents was very positive. 

As with any survey, a limitation is the number of non-
responders to the survey. The 71% response from medical 
students and residents should give a reasonable assessment of 
their experience. However, only 42% of the fellows and faculty 
responded to the survey. The poor response from faculty 
may be because only half of the faculty surveyed were on a 
resident team. All faculty were encouraged to use the cases 
for teaching, however faculty without daily interaction with 

residents had less incentive to utilize the cases. Alternatively, 
faculty or fellows may have felt uncomfortable with cased-
based education. Medical schools utilizing problem-based 
education have reported dif iculty recruiting trained faculty 
to facilitate case discussion [7]. We did not assess fellow or 
faculty skill in facilitating case discussions. 

Although the cases met our goal of brief educational 
sessions of approximately 20 minutes, inding time to review 
cases with medical students and residents continued to be 
a major barrier. Initially only fellows and faculty had access 
to the cases because our intention was to have faculty or 
fellows guide the learners through the cases. However, since 
medical students and residents expressed frustration with 
variable access to cases, after July 2019, we gave residents 
access to the cases. Now senior residents can use the cases 
as a tool to teach more junior residents and medical students. 
The education workgroup is currently working on trouble 
shooting the time barrier reported by faculty and fellows. 
One solution is to replace some of our didactic sessions with 
these shorter case-based discussions rather than adding the 
cases to an already heavy workload. We also plan to trial an 
education “snack break” with snacks brought in to entice the 
team to take a break and review a case. Once the cases are 
utilized more consistently, we plan to evaluate the impact on 
the neonatology portion of the resident in-training exam and 
resident teaching evaluations.

In summary, a multi-professional education work 
group successfully designed a case based curriculum that 
supplemented the educational efforts of faculty and fellows 
in the neonatal intensive care unit. The template created is 
not speci ic to neonatology and is relevant as a supplement to 
bedside teaching for learners in any ield of medicine.
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