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Abstract

Background: Training medical and premedical students in clinical research is challenging with the demands of medical education.
Students pursue research opportunities in specialty practice to acquire knowledge and gain experience in the clinical setting. Pairing
clinical observation with mentored research informs the value of evidence-based medicine and prepares students for a career in
medicine and science. However, programs that offer both research training and clinical observership are rare, particularly in rural
areas.

Hypothesis: Early exposure to sub-specialty practice in rural areas is important to recruit and train the next generation of physicians
to serve this population. The aim of this program was to provide undergraduate and medical students in a largely rural community
the opportunity to participate in clinical cardiovascular disease research and active clinical observership.

Methods: This report provides a description of the Essentia Health Summer Research Internship Program, a pilot program with the
University of Minnesota Medical School aimed to provide mentored clinical research training and clinical observership for medical
and premedical students. The program provided an experiential model of clinical patient interaction, problem solving, and access to
research that is integrated into clinical experiences as students learn the value of evidence-based medicine.

Results: Six medical and 4 premedical students have participated in the internship within the program’s first 2 years. Student-
completed weekly journals and surveys reveal enthusiasm for various research and clinical components of the program. Program
highlights include the acquisition of research and clinical knowledge through mentorship and research lectures, and observerships
throughout the Heart and Vascular Center.

Conclusion: The program aims to provide underrepresented rural students training in research methodology through mentorship
and observership within specialty practice.

practice. Until recently, medical schools have taken a
standard approach to educating students, following a
conventional curriculum, without emphasizing external
scholarship or independent research.>* By creating an
academic environment in which the students and faculty
share the scholarly activities, this promotes both curiosity
and knowledge of the research.® Programs that integrate
research and active clinical observations are rare but

Background

Preparing medical students to be doctors trained in clinical
research is challenging with the current demands of medical
education. Preclinical medical students desire the
introduction to research and are eager for experience in the
hospital setting. Understanding the nature of medical
knowledge requires experience with scientific methodology
through participation in research. Evidence-based medicine

(EBM), the foundation of medical education, has emerged as
the accepted philosophy of practice wherein health care
practitioners provide therapies based on empirical results
instead of tradition or opinion.! Today, EBM has wide support
among medical providers and is considered a requisite
foundation for optimal medical care. The question becomes
how to train the underlying constructs of EBM. Shadowing in
clinical medicine is often passive and observational and may
not be the best way to facilitate learning.? Furthermore,
hands-on research experience must have relevance to clinical

important to help students understand the value of evidence-
based practice.

The model for this research program was inspired by the
Minneapolis Heart Institute Foundation (MHIF) Summer
Research Intern (SRI) Program at Abbott Northwestern
Hospital in Minneapolis, MN, which started in 2001. Two
mentors of the Essentia Health Summer Research Intern
Program (EHSRI) were former students in the MHIF program,
which is why this model was chosen for our program. The
EHSRI program is similar to the MHIF program and gives
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undergraduate premedical and preclinical medical students
exposure to mentored clinical research.® The MHIF program
trained a diverse group of undergraduate and medical
students and 52 of 65 alumni (80%) went on to study
medicine.®

There is a lack of diversity in cardiovascular specialists,
specifically underrepresented minorities and women.”®
Furthermore, Native Americans and students from rural areas
remain underrepresented in medical schools.%*?

There are a growing number of institutions, predominantly in
urban areas, that have either active clinical observership
programs for premedical students or research-focused
programs.®13-20 However, opportunities for undergraduate
and medical students to engage in both clinical research and
active clinical observerships remains limited, particularly for
students not located in large metropolitan areas.5131821
Studies suggest that research experience offers students the
opportunity to enhance analytical skills, self-directed
learning, improved oral and written communication skills, and
a better understanding about how to apply knowledge to
patient care.? Other studies have shown that advantages of a
research and quality improvement of health services
experience, like mentor connection and networking at
conferences, can increase the likelihood of a student
matching with a future residency program of choice and plays
a major role in the student’s professional growth and
development during medical school.?2 The aim of this
program was to provide undergraduate and medical students
in a largely rural community the opportunity to participate in
clinical cardiovascular disease research and active clinical
observership.

Methods

Essentia Health Research Program Description

The Essentia Health Summer Research Intern Program (EHSRI)
operates within the Essentia Institute of Rural Health (EIRH)
and Essentia Health-Heart and Vascular Center. Located in
Duluth, MN, USA, the Essentia Health-Heart and Vascular
Center is a tertiary care center which services a large rural
area. In the summer of 2018, we completed our first year
piloting the 6-week EHSRI with 2 medical students. The
program expanded to eight (4 pre-medical and 4 medical)
students in the summer of 2019. Students in the program
came from 4-year undergraduate programs or an accredited
medical school. A prerequisite was having a “pre-medical”
focus so most students had recently completed or were
currently enrolled in bachelor’s degree majoring in the
sciences, applying to medical school, or were current first-
year medical students. There were 2 students who applied for
the internship in 2018, 19 students in 2019 and 14 students in
2020. Students completed a 4-12-week internship based on
availability. Selection criteria for the program included
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students in excellent academic standing with a strong letter
of recommendation and personal statement indicating
interest and experience in research. Students received a
stipend in alignment to similar summer research programs.
The program was run by volunteer faculty including 4
cardiologists and a clinical pharmacist, who guided and
mentored students on projects related to their specialty.

The EHSRI program is unique in that it recruits students from
rural areas, particularly Minnesota and the upper Midwest,
and gives them early exposure to specialty practice
(cardiology) and clinical research. Due to geographical
limitations and lack of academic medical centers in the
region, this program was unique in that it provided mentored
clinical research at a community hospital that focused on
disparities in cardiovascular disease care in rural areas. Early
exposure to specialty practice in rural areas is important to
recruit and train the next generation of physicians.
Furthermore, this patient population is largely rural and has a
higher percentage of Native Americans and recruiting
students that reflect the population we serve is
important.”81223

Introductory Training

A timeline of the summer research experience is outlined in
table 1. A critical aspect of the summer research program was
orientation. Students were supervised in a step-by-step
process to satisfy requirements for patient contact and
research (table 2). Prior to orientation, students were
expected to complete CITI training, which included
approximately 8 hours of online modules that are required by
the Essentia Health Institutional Review Board for all research
personnel. During orientation, staff provided necessary
forms, reference websites (UpToDate, PubMed) and
introduction to various cardiology, clinical trials, and Essentia
Institute of Rural Health (EIRH) personnel involved in the
program. Without supervision, navigating the various
components and understanding the roles of various key
personnel would be challenging and time consuming. Each
student received a 3-ring binder that included a campus map,
program orientation guide, face sheets of key personnel,
extensive list of abbreviations used in clinical research and
cardiology, description of common cardiovascular
procedures, PowerPoint slides of cardiac anatomy, common
cardiovascular procedures, and a journal for the students to
complete weekly about their experience. The orientation
guide included guidelines on appropriate dress-code,
guidelines for interactions with physicians and staff, daily
schedules, research project assignments, and information
about protected health information and confidentiality, as
well as helpful hints for their final presentation and poster.
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Table 1. Timeline for 6-week student summer research

program
Week 1 Orientation, Project Assignments, Statistical Methodology,
Literature Review, Informatics Lecture, Registry Introduction,
Compliance Overview, Pre-Test, Lunch & Learn (Study
Design)
Week 2 Literature Review, Database Construction, EKG Introduction,

Wards Introduction, Microsoft Programs Review, Lunch &
Learn (Cardiac Anatomy), Clinical Experience (Stress Lab)

Week 3 Database Modification, Manual Chart Review, Lunch & Learn
(Coronary Artery Disease), Clinical Experience (Operating
Room & Cath Lab)

Week 4 Data Analysis, Manual Chart Review, Manuscript Preparation,
Presentation Preparation, Boston Scientific Tour, Lunch &
Learn (Cardiology Disease Prevention & Vascular Heart

Disease), Clinical Experience (Echo Lab)

Week 5 Oral Presentation, Lunch & Learn (Vascular Heart Disease),
Clinical Experience (EP Lab)
Week 6 Oral Presentation, Post-Test, Exit Interview/Survey, Lunch &

Learn (Anticoagulation in Atrial Fibrillation)

Table 2. Summer Intern Program Orientation Training
Components

1. Proof of immunizations to Rubella, Hepatitis B, Mumps, Varicella, Tdap, and
Tuberculosis Test.

2. Fingerprinting, as well as criminal and Minnesota Caregiver background study.

3. Permission from college or university to enroll in program.

4. Funding for students requested and approved by the Essentia Health Foundation.

5. Letter of recommendation from mentor.

6. Affiliation Agreement between Essentia Health and the student’s college or university.

7. Required online HIPAA and annual employee training.

8. Required online Epic chart review training.

9. Required research training: CITI Good Clinical Practices and Biomedical Research -
Basic/Refresher Course.

10. Essentia Health Research Conflict of Interest Form.

11. Institutional Review Board Approval of student as key personnel for each project.

12. Training in cardiovascular-specific topics, including guidelines for clinical care.

Clinical Experience

The clinical observation was a significant part of the overall
experience and involved rounding with a physician and
cardiovascular department staff on 6 half-days. The students
had a checklist of required clinical experiences to complete
with the aim of understanding how research can inform
clinical practice. The number of patient cases that students
experienced are organized by department in Table 3. A
schedule was created that included dedicated time for
observation of at least 3 ST-elevation myocardial infarction
patients in the cardiac catheterization laboratory,
implantation of a cardiac device in the electrophysiology
laboratory, observation of an echocardiogram, and an
exercise nuclear stress test. Students also had the
opportunity to interview cardiology patients and round on an
inpatient critical care cardiology consult patients.

Table 3. Clinical experience
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Experience Number of Observed Cases
Electrophysiology laboratory 12
Cardiac catherization lab 36
Echocardiogram 32
Nuclear stress test 33

Research Experience

All research projects were investigator-initiated projects in
cardiovascular disease that were approved by the
Institutional Review Board. The pilot program provided
students the unique opportunity to learn about
cardiovascular research while seeing patients in the hospital
and clinical setting with various cardiovascular conditions.
The research experience required students to read the study
protocol and complete a thorough literature search including
downloading and becoming familiar with a reference
manager, EndNote, prior to data analysis or manuscript
preparation. During orientation, the students were given 2
half-day research lectures on study design and basic
statistical analysis. The students were provided a dataset with
instructional materials on how to conduct simple data
analysis to find means, standard deviations, t-tests and
ANOVA, and asked to conduct simple analysis. Three
members of the research staff at the EIRH volunteered to
help guide students in data analysis and interpretation.
Students were required to meet with the EIRH informatics
team to learn how clinical Electronic Medical Record (EMR)
data is stored in large databases (Epic Clarity) and how to
communicate effectively with non-clinical informaticists on
merging datasets, as well as how to best extract data from
the EMR. An overview of REDCap, a secure web application
for building and managing online databases, was also
provided. The IRB protocols, datasets, and draft manuscripts
were stored in a private group using Microsoft SharePoint
and only those with IRB approval were allowed access to the
group. One cardiologist was responsible for ensuring ongoing
project development, meeting biweekly with students,
reading the weekly intern journals, and providing general
medicine and cardiology-specific career expertise,

information, and advise.

Presentation

At program conclusion, the students were required to submit
a PowerPoint presentation to the program director and give a
15-minute presentation about their experience to the division
at the weekly journal club. The first component of the
presentation was the project background, methods, and
preliminary results. Next, students shared highlights of their
clinical experiences, including lessons learned. The
presentation concluded with discussion amongst heart and
vascular, clinical trials, and research staff regarding questions
and additional information. The presentation afforded
students formal experience presenting and interacting with
clinical and research staff, as is often expected in clinical
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medicine and demonstrates how research informs clinical
practice.

Additional Educational Opportunities

Weekly attendance at journal club, multidisciplinary heart
team meetings, and valve conferences were encouraged.
Mandatory attendance at a summer intern-specific lecture on
various topics, such as research study design, epidemiology,
biostatistics, cardiac anatomy, electrocardiograms, coronary
artery disease, heart failure, cardiac imaging, and “Surviving
the Wards.” Students also participated in a simulation
catheterization lab experience where they experienced the
hands-on deployment of cardiac stents, toured the
manufacturing facilities where stents and other devices, such
as the WATCHMAN are assembled, and participated in an in-
depth learning experience reviewing imaging of the heart at
Boston Scientific in Maple Grove, MN.

Supplemental Program Metrics

Students in 2019 completed 2 identical knowledge tests (the
first and last week of the program) that evaluated their
knowledge of general cardiology principles (8 questions),
such as definitions of common cardiology acronyms and
identification of common structures on echocardiogram and
angiogram, and research methods and analyses (12
questions), including type of study design and regulatory
requirements.

All students completed weekly reflection journals regarding
their confidence, comfort level, knowledge, and
understanding of their research project. The journal was
submitted to the program director and additional research
support staff to gauge progress and triage questions or
concerns. Following the conclusion of the program, students
completed an online survey detailing their experiences in the
program. All survey responses were transcribed in a
Microsoft Excel database. An iterative analysis was used in
coding the data to achieve rich description and identify
emergent themes within the text.

Results
A total of 10 students completed the internship.

Knowledge Evaluation

Results from the 2019 pre-and post-test are displayed in
Figure 1. The mean pre-test score was 51% (SD = 3.9), while
the mean post-test score was 75% (SD = 1.7). Separate
cardiology tested scores versus research method scores.
Overall, students showed an approximate mean increase of
24% in their knowledge and understanding of the
components of heart and vascular research, and individual
increases in score ranging from 10% to 45%.
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Figure 1. Student knowledge of general cardiology principles
and research methods
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Program Evaluation

Ten students completed an exit survey that found 40%
identified as female, 80% ever-lived in rural areas, and 10%
were underrepresented minorities. Through the weekly
journal, students self-reported weekly improvement
regarding comfortableness of content with a plateau period
of 6 weeks to become “very comfortable” with the content of
their research project (Figure 2). Additionally, students self-
reported a total of 23 manuscripts (M = 2.6, SD = 1.7)
completed or in-production at the time of the final survey.
Wood W., et al (2018)** found that about 25% of previous
articles discussing similar programs had required students to
achieve a specific outcome, for instance, submission of a
manuscript or presentation at a regional or national
conference. Students in our program were required to give a
research presentation locally and were encouraged to submit
an abstract to a national conference. Overall, 80% (n=8) had
presented at a regional conference and 30% (n=3) at a
national conference. Over 50% submitted manuscripts to
national peer-reviewed journals.
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Figure 2. Weekly student self-rated understanding of project
content (*denotes medical students who completed only 6
weeks)
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Qualitative Assessment

Previous studies have noted the difficulty in evaluating
outcomes of educational programs until several years after
initiation,® however, students did report (agree, strongly
agree) that they were interested in pursuing a career in
cardiology (n=9, 90%), research/academic medicine (n=6,
60%), or practicing medicine in a rural area (n=8, 80%).

Knowledge acquisition and staff interaction were 2 key
themes that emerged from the survey. Additionally, the
students suggested earlier assignment of research projects
and additional clinical experiences to improve the program.

Knowledge Acquisition

Students described the knowledge they gained from their
clinical observations and leading their research project. One
student commented “I appreciate that we were able to see a
project through from start to finish. It helped provide a better
understanding of all the moving parts that go into a research
project.” Another student remarked that “/ was very involved
in choosing variables and setting up my research study. | feel
like I have a better understanding of all the work that goes
into research now.” A student elucidated their project
dissemination experience, exclaiming “I learned about writing
manuscripts, abstracts, posters, and even presenting in front
of a room full of physicians.” Students routinely commented
on the integral knowledge they acquired and its importance
throughout their upcoming career.
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Staff Interaction

Students emphasized the significance of interactions and
mentorship from physician mentors and research support
staff. A student indicated “The mentors were all so excited
and passionate about their research, which rubbed off on me
and made this experience a great one.” Another student said
“It was wonderful to work with such dedicated people who
were always very welcoming and kind. They genuinely wanted
me to grow from this experience, and | believe that | have.”
This sentiment was echoed by another student who
remarked “It genuinely seemed like the providers wanted me
to learn and were more than willing to take time to explain
things to me in greater detail.” For many students, the
interaction between providers and research staff was the
highlight of their experience and fostered team-building and
personal growth.

Suggestions for Program Improvement

The final question of the survey asked students “What would
you change about the program?” Several students suggested
earlier assignment of their research project, saying “Notify
the students of what their project will be earlier during
orientation week,” and “I would have liked to know my
research topic earlier, or even in advance of arriving.”
Students also recommended additional clinical experiences,
including “I would add more clinical experiences. It would be
good to shadow providers in clinic and see their patient
interactions,” and “Have a shadowing experience with a
clinical cardiologist and follow an interventionalist between
procedures. | would love to see more of what their day to day
operations look like.” Students offered concrete suggestions
to improve the program for future implementation.

Discussion

We describe the initial experience with the EHSRI program. A
total of 10 undergraduate preclinical and medical students
completed the program and were eager to engage in clinical
and research activities. The EHSRI was adopted from the
MHIF summer intern program based in Minneapolis, MN and
aimed to offer mentored training for preclinical and medical
students from underserved and rural areas in Northern
Minnesota the opportunity to gain clinical and research
experience in the cardiology specialty. The program
successfully recruited students who had lived in rural areas
(80%) and female (40%). We aim to increase opportunities for
undergraduate and medical students from rural areas to
engage in both clinical research and active clinical
observerships as most of these internship are located in large
metropolitan areas.>'%17-20 Studies suggest that research
experience offers students the opportunity to enhance
analytical skills, self-directed learning, improved oral and
written communication skills, and a better understanding
about how to apply knowledge to patient care.? Furthermore,
we believe students who are exposed to research early in
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their training are more likely to understand and practice
evidence-based medicine and continue in research in their
career. Sustaining an internship program required
stakeholder engagement and a dedicated leadership team.
Continual evaluation and adaptation of the program with a
focus on program outcomes with adequate financial
resources to support the students are important.

We found that students improved their cardiovascular
disease and research knowledge from orientation to
completion of internship. We found that it took
approximately 6 weeks for students to self-report confidence
and understanding of their research project. We would not
recommend a summer internship shorter than 6 weeks given
this data. Program evaluation was positive. Students valued
the staff interaction highly and were eager to have more
clinical exposure. All students were able to present their
research at a local and most at a national meeting. Adopting
future program evaluation using a standardized tool, such as
the “scholarly concentration program outcome model”
(figure 2 in Havnaer A., et al.)® could be implemented. This
tool could be used to describe in more detail the steps for
other health care systems to aid with research program
implementation and allow program planners and educators
to more rigorously evaluate the scholarly characteristics and
outcomes of the program. Evaluation tools, including pre- and
post-tests and weekly journals, helps increase the
reproducibility of the program at different institutions. Long-
term tracking of students to determine if this program
influenced their career decision or interest in research are
needed; however, due to the long latency period between
undergraduate students and completing residency and
fellowship, this data will not be available for many years.

Limitations

Limited advertising and no program website initially limited
the number of applicants to those who attended local
institutions. Moreover, due to contractual agreements the
internship was not available for medical students at all
institutions. The start dates for several students were
staggered throughout the summer, which made orientation,
education, and allocation of resources challenging. The
authors recommend a standardized start date for all
students. The short duration of the program for medical
students limited observational opportunities. Efforts to
increase underrepresented minority students in pre-medical
and medical school programs are needed to increase minority
students in the internship. This program can be adopted for
other healthcare systems and other specialties, but we feel it
requires dedicated leadership and departmental support and
formal mentors. General challenges to conducting research
included difficulty merging various datasets, and lack of
prerequisite knowledge of data analysis programs and
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software. Students encountered errors and missing data,
which delayed data analysis.

Conclusion

Undergraduate preclinical and medical students are eager to
engage in clinical and research activities. However, students
in rural areas face barriers in gaining research and clinical
experience due to heavy academic workloads and paucity of
academic medical centers. The EHSRI offered mentored
training for preclinical and medical students to gain clinical
and research experience in the cardiology specialty. Initial
enthusiastic feedback demonstrates the program’s potential
and success in propelling students to a career in medicine and
research. Reproduction of this program in other departments
and other community hospitals would help improve access to
scholarly activities and clinical exposure for students in rural
areas.
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