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Introduction

Predicated by its clinically relevant nature, 
translational research has long been amenable to 
surgeon scientists pursuing novel interventions 
or understanding of pathology. However the 
number surgeon scientists, as well as their relative 
funding from the NIH, has been decreasing 
[1]. This is despite continued emphasis by 
surgery departments on selection of residents, 
fellows and faculty with substantial research 
experiences [2]. A national survey of surgeons 
regarding perceived barriers in conducting basic 
and translation research identified increased 
clinical demands as the leading obstacle for 
surgeon scientists [1]. This finding may be 
particularly relevant to neurosurgery where 
regional and global shortages in the surgeon 
work force, along with deficits in emergency 
coverage present substantial burdens for 
practicing neurosurgeons [3].

In response to this challenging climate, 
some have argued that surgical programs must 

identify and support surgical trainees with a 
self-driven inclination for scientific investigation 
[4]. Cultivation of such surgeon scientists 
will require integrated exposure to clinical 
and research endeavors at different stages of 
training. Mentoring programs, which are crucial 
to developing the next generation of surgeons 
and scientists [5], have already been utilized to 
increase interest in particular clinical fields. A 
previously instituted shadowing program for 
trauma surgery at Johns Hopkins Hospital was 
successful at significantly increasing interest 
in trauma surgery for students not previously 
planning a career in trauma surgery, as well as 
increasing the percent of students planning 
to match into a surgical specialty [6]. Other 
shadowing programs, including cardiothoracic 
surgery and general surgery, have also been 
successful at increasing student interest and 
number of students applying to surgical 
residencies [7, 8]. 

These programs support that engaging 
trainees early their career is likely to have 

a significant impact on their selection of 
clinical specialties to pursue, and several 
formal programs currently exist to provide 
undergraduates or preclinical medical students 
exposure to neurosurgery [9–11]. In the US 
several summer programs are also available for 
pre-medical trainees to shadow and conduct 
research in neurosurgery [12–14]. These 
programs have been successful at increasing 
students’ confidence to engage with a 
neurosurgery department, increasing students’ 
likelihood to consider neurosurgery as a future 
career, and increasing positive perceptions 
of the associated quality of life for practicing 
neurosurgeons [15]. However, most programs 
that provide exposure to the neurosurgery field 
typically focus either on clinical experience 
or laboratory research; there currently exist 
few formal programs that simultaneously 
integrate both basic science research with 
clinical experience in the operating room [16]. 
Thus, most trainees receive very little exposure 
into the unique challenges and rewards of 
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being a clinician-scientist who conducts 
bench-to-bedside research, especially in 
clinically demanding clinical specialties such 
as neurosurgery. Providing trainees with 
integrative clinical and research exposure early 
in their careers will likely increase interest in 
pursuing academic medicine and inspire more 
trainees to become future neurosurgeon-
scientists. Attracting the best students into 
neurosurgery is of paramount importance for 
the field, especially given concerns about the 
shortage of neurosurgeons in the US [17–19]. 
Here, we provide a description and assessment 
of a functional neurosurgery medical tutorial 
program that integrates clinical shadowing in 
the neurosurgery operating room with original 
scientific research activities for pre-medical 
trainees at the Johns Hopkins University.

Description of program and 
goals

The functional neurosurgery medical tutorial 
(supported by both the Johns Hopkins 
University School of Medicine and the Johns 
Hopkins Homewood Pre-Professional Office) 
is a clinical shadowing and research program 
that allows undergraduate students at Johns 
Hopkins to shadow and conduct neuroscience 
research with Dr. William Anderson, a functional 
neurosurgeon at the Johns Hopkins Hospital. 
This tutorial is one of several medical tutorials 
offered in conjunction by the Johns Hopkins 
School of Medicine and the Homewood Pre-
Professional Office, in which undergraduate 
students receive 1-2 academic credits graded 
on pass/fail basis [20]. These tutorials are 
offered in a number of areas including research 
(clinical, laboratory, community-based, or 
educational), hospital quality improvement, or 
practicum (shadowing). 

The functional neurosurgery tutorial had two 
major goals: 1) Provide students with a clinical 
exposure to functional exposure and 2) Engage 
students in academic research in neurosurgery 
and related fields. Students participating in the 
functional neurosurgery tutorial were exposed 
to patients with epilepsy, movement disorders, 
and psychiatric conditions undergoing a 
variety of surgical procedures to help treat 
their conditions. Students participated in 

clinic, helping with patient flow and diagnostic 
study retrieval. They observed functional 
neurosurgery procedures, including those 
related to spinal cord stimulation for treatment 
of chronic low back pain, deep brain stimulation 
for Parkinson’s disease, and other therapeutic 
neuromodulation approaches using vagal 
nerve and cortical stimulation for epilepsy. 
To supplement their shadowing experiences, 
students were also able to attend a variety 
of clinical conferences and didactic activities 
in the hospital, including epilepsy case 
conferences and neurosurgery grand rounds. 
Based on interests, students had opportunities 
to contribute to research projects in the 
Anderson lab, including: 1) Understanding 
the neural network mechanisms of cognitive 
function, 2) Understanding the biological 
mechanism of neuromodulation therapies, 
and 3) Characterizing the clinical outcomes of 
functional neurosurgery procedures. Students 
have been co-author and first-authors on 
original research manuscripts as well as 
educational articles such as reviews in the field 
of neuroscience and neurosurgery [21–25]. 
These research experiences allow students to 
learn how to read academic literature, develop 
scientific questions and hypotheses, design 
experiments, perform retrospective chart 
reviews, analyze data, writing papers, and 
moving manuscripts through the peer-review 
process. 

Students were required to meet two goals 
to obtain academic credit from the functional 
neurosurgery tutorial: come to at least one of 
the activities listed on the weekly functional 
neurosurgery schedule per week (this may 
include clinic, a surgical case, or a case 
conference); and meet with faculty member 
to review possible future research goals, and 
if interested participate in laboratory research. 
Students were graded based on degree of 
attendance- if the student made it to at least 
one scheduled event every other week, it 
would be a pass.

Feedback from program 
participants

Out of a total 15 participants, 66.7% were 
female (Table 1). 46.7% were junior year 
students, 33.3% were sophomores, and 13.3% 
were post-baccalaureates. The most common 
major was neuroscience (46.15%), followed 
by biomedical engineering (23.1%) (Table). To 
assess the potential impact of the program, 
we administered an online anonymous survey 
to previous students (with approval from the 
Hopkins IRB, JHU IRB00165178). 11/15 (73%) 
of participants responded to the survey, 
and the results are shown in the Figure. The 
tutorial program appears to achieve its goals 
of exposing students and increasing interest 
in medicine, neuroscience research, and 

Table 1: Demographics of participants in the functional neurosurgery tutorial. *The undergraduate major for 
two of the participants were not known

Fall 2013 – Spring 2016            n=15 participants

Gender n % of participants

   Male 5 33.33

   Female 10 66.67

Class year

   Sophomore 5 33.33

   Junior 7 46.67

   Senior 0 0

   Postbac Pre-Med Program 2 13.33

Undergraduate majors*

   Neuroscience 6 46.15

   Biomedical Engineering 3 23.08

   Molecular & Cellular Biology 1 7.69

   Chemistry 1 7.69

   Public Health 2 15.38
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the neurosurgery field. On a ten point scale 
(10 = strongly agree, 1 = strongly disagree), 
students rated a score of 8.5 ± 1.5 (mean 
± SD) to the question “Participating in the 
functional neurosurgery tutorial allowed me 
to better understand what a future career in 
neurosurgery entails?” (Figure). To the question 
“The functional neurosurgery tutorial increased 
my interests in pursuing a future career in the 
neuroscience field”, students rated a score of 8.3 
± 1.7 (Figure). 

Discussion

Academic physician-scientists with dual 
training in basic science and clinical medicine 
are at the forefront of bench-to-bedside 
research to translate basic science discoveries 
of disease mechanisms into novel therapeutic 
avenues that improve patient outcomes. There 
is a profound clinical need for neurosurgeons 
who conduct original scientific research, as 
there is often a lack of satisfactory treatment 

strategies for neurosurgical disorders due 
to incomplete understanding into the 
pathogenesis of disease. Despite the great 
public need for academic surgeon-scientists, 
recent trends indicate alarming deficiencies in 
surgical research, including decreasing surgeon 
participation in basic science research [1]. 
Furthermore, surgeons are less likely to apply 
for NIH funding, and those who do tended to 
be less successful than their nonsurgical peers 
[26]. These trends have led to concerns about 

Figure 1: Survey results from participants in the functional neurosurgery tutorial. 
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the “extinction of the surgeon scientist” [27]. 
Indeed, a career as a neurosurgeon-scientist 
is uniquely challenging due to the difficulties 
in balancing a rigorous basic science research 
program with the immense clinical demands 
of a procedural clinical specialty. However, 
there are numerous examples of successful 
neurosurgeon-scientists, and the general 
consensus is that such a dual career is feasible, 
albeit difficult [28]. 

Training has been cited to be a crucial 
component in addressing challenges in 
increasing surgeon participation in basic 
science research [27, 29, 30]. Developing the 
next generation of academic neurosurgeons 
begins with attracting gifted students into 
the field [16] by providing early and sustained 
exposures to trainees and connecting them 
with successful neurosurgeon-scientists 
who can serve as mentors and role models 
[18]. Indeed, previous work suggests that 
shadowing programs are potentially effective 
in increasing student interests in pursuing 
careers in trauma surgery [6]. However, there 
exist few formal programs in surgery that 
combine clinical experience in the operating 
room with dedicated basic science research 
training [16]. Here, we describe and assess the 
educational value of a functional neurosurgery 
clinical shadowing and research tutorial for 
pre-medical trainees at the Johns Hopkins 

University School of Medicine Department 
of Neurosurgery. Program participants 
were exposed to all steps of conducting 
scholarly research in neurosurgery-related 
fields, including critical reading of scientific 
literature, generating research questions, 
formulating hypotheses, writing IRB research 
protocols, conducting experiments, analyzing 
data, preparing manuscripts for publication, 
and navigating the peer-review process in 
professional scientific and medical journals. 
Coupled with these research experiences, 
participants also had ample opportunities 
to observe neurosurgical procedures in the 
operating room as well as participate in 
clinical conferences and other formal didactic 
activities. Based on a survey completed by the 
majority of program participants, the functional 
neurosurgery medical tutorial increased 
interest in neurosurgery, neuroscience, and 
academic medicine as potential careers 
among some students by allowing direct 
exposure to patient clinic visits, operating 
room procedures, and laboratory research. 
Programs such as the functional neurosurgery 
medical tutorial, when implemented on a 
larger group, may be crucial for attracting 
trainees into the neurosurgical field and help 
to address concerns in the shortage of the 
neurosurgeon workforce in the US [17–19]. 
Importantly, the functional neurosurgery 

tutorial is unique in its integration of original 
scientific research with clinical experience in 
the neurosurgery operating rooms, allowing 
trainees to gain an exposure in bench-to-
bedside research and appreciate how basic 
neuroscience discoveries can be translated 
into diverse avenues of clinical treatments, 
diagnosis, and patient outcomes. Our results 
further suggest that development of other 
surgery tutorial programs within the Johns 
Hopkins University as well as other academic 
institutions, are warranted for more definitive 
evaluations of the efficacy of this approach, 
and may be critical to continue to attract 
and engage students to academic medicine 
and surgical fields. Altogether, our work is a 
preliminary but important step in addressing 
the educational challenge of training academic 
neurosurgeons by providing a potential 
paradigm for integrating scholarly research 
with clinical experience in the operating room 
to increase interest and awareness into a career 
of a neurosurgeon-scientist. 
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