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Abstract

Background: National medical student surveys amidst COVIDdt®&en sub-internship
cancellations demonstrate the need for supplemestéamidardized subspecialty medical
education, mentorship, and career planning natipnale present the first live, cross-
institutional virtual medical student subspeciafgining camp to deliver standardized
neurosurgical educational content to medical sttgdguaring the pandemic, and its results on
medical student anxiety and perceptions of neugesyr

Methods: The online training camp utilized a video confeti@g platform, open to all medical
students. A post-training camp survey was admiragte

Results: 305 medical students registered for the evemh ft07 unique U.S. medical schools.
108 registrants intend to apply to neurosurgerigezy in 2021. Top medical student
objectives for the training camp were program nekimg and mentorship. 121 (39.7%) medical
students completed the post-event survey; 65.0%rtegbimproved neurosurgical knowledge,
79.8% had decreased anxiety about sub-internshgheéerviews, 82.5% reported increased
enthusiasm about neurosurgery, and 100% desingdii@ fannual virtual training camp due to
increased accessibility and decreased cost. Thsgasicularly important for students at
institutions without home subspecialty programsyith financial burdens.

Conclusions: COVID-19 driven innovations in medical educatimave accelerated changes that
may have long-been necessary. This virtual stradgtaproves resource utilization and
scalability compared to in-person training, mainsasocial distancing, and democratizes access
to standardized, specialized content not oftenlava through traditional medical curricula.
Even as a supplement to in-person events, theal/triaining camp model may be implemented
by national medical societies, which may signifitamcrease medical students’ preparedness
for, and education in, neurosurgery and other setialties.
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Introduction: The coronavirus disease 2019 (COV@){iandemic has brought significant
fundamental changes to medical care, resourca@sinigaand education. Early attention has
appropriately been placed on clinical adaptationsnisure that patients and providers undergo
all safeguards possible during COVID-19 to preséifeeand “flatten the curve”. Similarly,
many changes have been made to clinical neurosupgactice® and resident researcand
training’. However, efforts to minimize the significant inggon subspecialty medical student
(MS) education (MSE)have received less attention, and may arguablg fenger-term
impacts, particularly on subspecialty fiefds.

On March 17, 2020 the Association of American Matlicolleges recommended a suspension
of MS clinical rotation$,and on April 28, 2020 the Society for Neurologiz@eons (SNS)
recommended that all external neurosurgery rotat{erternships) for MSs be deferred for
2020/ Meaningful subspecialty experiences will therefdoe the first time in decades, be
absent from many fourth year MS’s (MS4’s) trainiagd potentially be abbreviated in many
MS3'’s training due to delays in medical school catations. Because of increasingly limited
exposure to subspecialty training during medichbst, especially in neurosurgetyglerkship
and subspecialty clinical experiences have becaessary for accruing both skill acquisifion
and clinical experience, and testing interestsainous clinical subspecialtié®.**

Even prior to the pandemic, there was a perceieed mo supplement MSE in neurosurgery
prior to matriculation into neurosurgical residen8yneurosurgery intern boot camp was
established in 2008*to improve residency preparedness, followed bingrerson
neurosurgery MS training camp in 208> which demonstrated a measured improvement in
clinical skills and neurosurgical knowledge, butlmuch greater interest than available
capacity.

The need for greater subspecialty exposure, rapostéMSs interested in neurosurgery, has
been further amplified by the pandemic. 76% of M&g®rt>1 cancelled or postponed
neurosurgery rotation this year, and many MSs percelack of readiness for neurosurgery
residency application$.In national surveys, MSs were more likely to takgear off from

medical school after the start of the pandethitjn 3 MS1s were dissatisfied with neurosurgical
career planning offered by their home medical stdadng the pandemic, and almost 1 in 5
MSs are now less likely to pursue a career in reugery’

Overall, the highest rated educational intervergtimported by MSs in surveys have been virtual
mentorship pairings (suggested by MS1 and MS2yadisurgical skills workshops (suggested
by MS3 and MS4j° and focused webinars and conferences (all aggedass). The
neurosurgical community has been summoned to e dhese shortcomings in MSE during
COVID-19, by offering: additional virtual MSE oppianities;’ virtual opportunities for
mentorship, and providing MSs training camp-stykgenial to prepare for intern year, even in
the absence of in-person gatheriids.

Responding to these pandemic-driven needs, themutdieveloped a cross-institutional
virtually-compatible one-day training curriculumaged towards all levels of MSs.
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Methods: Eight neurosurgery residency institutifpisase see “Acknowledgements” section for
full list) participated in a one-day virtual neunogery West Coast MS training camp from 8 AM
to 2:30 PM (Pacific) on Saturday, June 13, 2020@e Fistitutions participated in the East Coast
session which started three hours earlier thai\tbst Coast session to account for time zone
differences and to allow for greater national imashent. The West Coast program ended the
day with a small-group virtual mentoring sessiotwgen MSs and attending neurosurgeons. A
virtual communication platform (Zoom Video Commuations, Inc., San Jose, California, USA)
was used to create virtual “rooms” for overlappoogirse offerings. The “breakout room”
function was used at the end of the day for thgelascale mentoring sessions.

Course content ranged from professional and acadaspiects of neurosurgery to technical
didactic lecturesTable 1, West Coast). 305 MS participants were sent aegwia email and

via the video platform chat function at the endhaf training camp to assess course effectiveness
in a virtual format, and the effects on attitud@sdrds neurosurgery. Responses were voluntary
and anonymous, and respondents were not requirasteer all questions for survey
submission. Aside from demographic and contactim&tion questions, 9 multiple choice
guestions were asked to provide quantitative me#aimout course content, and 4 free response
guestions were asked to provide qualitative resgoabout the event. MSs were invited to
provide details about course content or structurepeat during future events, and
recommendations for improvement. Respondents weea @ weeks to fill out the survey after
the event, with a reminder email at the one-weekkmihe following results are specific to the
West Coast session.

Results: 305 participants registered for the WestsEsession. The distribution of MS by
academic year is shown in Table 2. Of those ragidtel 08 (35.4%) students intend to apply to
neurosurgery residency in the 2020-2021 Nationaid@at Matching Program (NRMP) cycle
(Table 2). Based on NRMP Match data from 2020, of 273 gflicants to neurosurgety,
approximately 36.7% (100/273) of U.S. applicantt thill be applying in the upcoming NRMP
cycle registered for the West Coast session.

Throughout the course, there were a minimum ofZ@8cipants total present on the virtual
platform. Applicants for the upcoming 2020-2021 NRMlycle were offered participation in a
small group mentoring session comprised of 3-5ratkfe applicants for this cycle, and one
attending neurosurgeon. 102 (94.4%) registered &pPs/ing this NRMP cycle attended the
small group mentoring session. 95 (31.1%) partidipattended the breakout panel on “Women
in Neurosurgery”.

Among all MS participants, there were 165 uniqugiiations represented;107 (64.8%) U.S.
medical schools, 9 (5.5%) U.S. osteopathic schamnld,49 (29.7%) international medical
institutions. Twelve participants (3.9%) did nattla medical school affiliation.

There were 26 attending neurosurgery physiciapspg@ram coordinators, and 15 neurosurgical
resident panelists and lecturers. Of the attendengosurgeons, 5 (19.2%) were chairs and 7
(26.9%) were program directors or assistant progtaetctors. The residents ranged from
incoming residents to graduating seventh year eessd
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The post-event survey was completed by 121 MSqgatits (39.7% response rate).
Respondents were not required to answer all questill respondents (100%) indicated a
future, annual virtual neurosurgery training carhpudd be held irrespective of COVID-19
limitations or a concurrent in-person event. Theshaommonly selected reason to continue a
virtual format in the future was to increase p@mant access to content (82, 68.3%), followed by
increased participating programs (80, 66.7%), sewehsed cost (75, 62.5%)d. 1).

Unsolicited comments included that the virtual folah and flexible registration allowed for
inclusion of international medical graduates, ré¢#i$. medical graduates or preliminary year
residents interested in switching to neurosurgemgerrepresented minorities, and students with
significant financial burdens or without a home mswrgery program.

MS objectives for the training camp were network{rg, 60.0%), mentorship (60, 50%),
interview preparation (57, 47.5%) and sub-interp&alection (51, 42.5%). The least important
objective was resume review (11, 9.2%) followechbip gauging interest in neurosurgery (27,
22.5%), and tactile skills development (29, 24.2F4). 2).

Regarding respondents’ change in attitude towaedsasurgery after the event, on a scale of 1
(less enthusiastic) to 5 (more enthusiastic) 82&86rted a score of 4 — 5 (more enthusiastic)
(Fig. 3A). Free-text comments from two MS2s indicated thatparticipants were initially
interested in pursuing other specialties, but afterevent were more interested in neurosurgery
than their previously intended subspecialty.

After the event, 79.8% of respondents’ anxiety lewabdout the neurosurgery application and/or
sub-internship process for the upcoming acadenac gecreased or greatly decreaded.(3B).
Participants were asked to rate their change invletge of neurosurgery after the event
compared to before the event on a 5 point scatfen@ change, 5 = greatly improved). A score

of 4-5 was selected by 65.0% of respondents, 34&lécted a score of 2-3, and 0.8% selected a
score of 1 Fig. 3C).

The highest rated sessions (not including the miglgg@ession for MS4s) were “What programs
look for in an applicant” (panel of neurosurgeryaith), “How to ace your sub-internship even
during COVID-19”, and “What to look for in selecgjra residency program” (panel of
neurosurgery program directors). The Mentoring Baesattended by MS4s, the Women in
Neurosurgery Panel, and the unstructured virtuatraad-greet at the end of the event were
widely considered to be some of the most noveltaipful sessions of the event in free-text
comments. The virtual meet-and-greet was an op@structured virtual “room” that any student,
or attending or resident neurosurgeon could joth@end of the day to address any final
guestions. The session was scheduled for 15 minutésrganically lasted for 2 hours with over
70 participants at all times until it was closedthg host.

Recurrent themes for event strengths included diniety of speakers, the ability to casually
interact with attendings and residents from numemuograms, the efficiency of the event to
deliver a large and varied amount of content, &edetase of transition between sessions.
Recurrent themes for ways to improve the evertiérfaiture included lengthening the event,
having more directed didactic sessions, and more@dn how to be an outstanding sub-intern
or interviewee.
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Discussion: The COVID-19 pandemic has turned mdacademic medicine’s educational
focus to virtual platforms out of necessity. Thodlgl shutdown of in-person medical
educationt’ and need for transitioning to virtual platforfhe/as tested in 2003 during the severe
acute respiratory syndrome (SARS) pandemic, thave been great advancements in virtual
education capabilities and greater public accessctinology since that time. Neurosurgical
societies have developed infrastructure to delgh-quality interactivé® and live single-

lecture educational contéfit*to resident and career neurosurgeons during COMIDR

addition to various local efforts to share instinal content through virtual lecturé?>26:2728
However, there remained a paucity of instructiamaltent pertaining to MS neurosurgical
educati(zjgn, especially given MS’s inability to cootiaway sub-internships amidst COVID-19 in
the U.S°

In response to a demonstrated desire from MSseisitenl in neurosurgery to have: increased
subspecialty contact, MS-specific neurosurgicahdiit content, guidance on preparing for
neurosurgery applications and sub-internships,ogpartunities for mentorship and career
planning, the authors developed and implementadtamationally accessible virtual cross-
institutional training camp to bolster standardi&48 neurosurgery education in these areas. To
the best of our knowledge, we present the firgpbnatly organized virtual conference
subspecialty training camp for MSE.

Despite prior live in-person neurosurgery traingvgnts, the transition to a virtual platform was
widely accepted by all students and content proviaeticipants. All respondents wanted this
training camp to be offered virtually in the futuregardless of concurrent in-person events,
citing accessibility and cost-effectiveness as uaigirtual utilities that the in-person event did
not have.

The scalability and accessibility of a virtual evenalso demonstrated by the sheer number of
participants. The first live neurosurgery traincamp in 2018 reported 83 MSs from 32 medical
schools representing the eastern and central USiiseés, 5 international MSs, and 5 resident
and 12 faculty member lecturers/panelists. In 20&8xeen two institutions’ in-person events
there were 191 MS participants and 65 medical delrepresented. At a single virtual session
(West Coast only) there were 305 MS registrantsdghdeurosurgery program representatives;
larger than the two prior in-person events comhined

One of the stated limitations of prior in-persaainiing course$*°was the overwhelming
demand. While there are still technical challerggsociated with increasing participant numbers
even for virtual event platforms, content delived#ectly to the participant’s personal screen is
easily visible, and a person’s location is no larggémitation so long as internet access is
available; several panelists were able to dialmilevat work, or while on vacation. While
considerations of time zones for the live eventeeviactored in (hence the staggered session
time offerings), both sessions were recorded mafbr delayed playback at the participant’s
convenience. Given the feedback for more contemnt,calonger event, the relative ease of
scalability on a virtual platform versus an in-mer®vent could allow for a future multi-day
event with greater participation from neurosurganysician educators.
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Increased participant accessibility also allowedsignificant involvement of international MSs
and could allow for expansion of this event to stud even earlier in their training, namely
undergraduate students interested in medicine.mbisbe especially valuable given that
evidence supports not only the benefits of earfyosxre to neurosurgery to help MSs determine
their interest and skill within the specialfy** but can help undergraduates as &lhe virtual
platform would also make it easier to organize masilevel appropriate programming and
breakout sessions within the same conference gettithe future, given greater educator
participation.

While survey responses may have been limited lporese bias (with respondents knowing that
results may inform future neurosurgical educatiomgpamming) and selection bias (as
participants had a self-selected interest in attend full day event about neurosurgery MS
education), the authors note the overwhelming pasiesponse rate (100%) to repeat this event
in virtual format in the future.

Upon devising this course, one of the main limitasi faced with the virtual platform compared
to an in-person training camp was the inabilitgitee direct feedback on manual technical skills
due to the overwhelming participant to instructaia and inability to virtually share access to
necessary supplies or equipment in their persanat@ment. However, one of the least
common drivers for MS participation in these tramcamps was to bolster technical skills. The
primary stated impetus from MSs to participatehi@ ¢vent was to gain “access to the field”
through interactions with various programs, anktéwn neurosurgical content and appropriate
professional behavior that would help them suceeeeh interacting with programs (either on
sub-internships, through research opportunitiesuoing interviews).

Given the success of this event, the desire fatwiaé virtual offering, and the overwhelming
desire for more, nationally organized, high-volutmigh-yield, efficiently delivered

neurosurgical content expressed by MSs, we envisioime offerings as a combination of virtual
and in-person. This will utilize the strengths athk platform, maximizing access via a virtual
environment while providing longer, more focuseddson learning and lab sessions during in-
person training.

With advancements in virtual platform communicatimeluding expanded participant capacity,
more seamless transitions between breakout roands)e@w developments that break down
virtual barriers with integrated technologies, (sas real time polling, and “live operating
rooms”) virtual platforms may serve as the primaayde of desired content-delivery for such
future events. It also democratizes access to obfateMSs without a home neurosurgery
program by providing a standardized, national ngurgery sub-internship preparatory course.

Given the likely importance of subspecialty expesiar promote matriculation into other niche
medical fields outside of neurosurgery, the autlodiier this event structure as guidance to other
national medical societies seeking to promote M&Rimwtheir field.

Conclusions: The overwhelming positive responsmfiSs to this virtual, standardized,
national subspecialty training camp suggests teeg¢ssary COVID-19 driven innovations in
MSE may have long been needed. The nationwide umsget familiarity with virtual platforms

6
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during COVID-19 has made these training camps adaeson a larger scale within medicine. It
has also made MS access to attending and residaerdsurgeon educators in some ways more
available than ever before.

During the pandemic, this event for MSs increasesitiye awareness of neurosurgery,
increasing perceived neurosurgical knowledge, awedsed anxiety about the neurosurgery
application and sub-internship process. This virti@éning camp improves disease prevention,
cost/resource conservation, and scalability contparén-person training. This national virtual
subspecialty training course may serve as a modeldtional medical societies in other
disciplines to promote enhanced learning, profesdism, visibility, and interactions between
MSs and those society’s providers. It may also delprer standardized subspecialized content
not often available through traditional medicalr@ula, especially to students in more resource-
limited settings.
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Figure Legend:

Figure 1. Key drivers for medical students to continue afetannual training course in the
virtual format irrespective of COVID-19 limitatiorand in-person capabilities.

Figure 2. Medical students’ most important stated purpos$élseotraining camp.

Figure 3. Changes in medical student A) perception, B) apxand C) knowledge about
neurosurgery after the virtual training course.
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Tables:

Table 1. Summary of West Coast Curriculum

Session Structure

Session Title

Lecture

Overview of Neurosurgery Subspecialty aratdid/Job Process.

Panel What Programs Look for in an Applicant.

Lecture General Advice for Medical Students ConsideNeurosurgery.
Lecture How to Ace Your Sub-Internship, Even Duridgvid-19.

Panel What to Look for in Selecting a Residencyining Program.

Panel + Presentation

Research in Neuroscience anbBurgery.

Panel + Presentation

Advice and Resources fromdBesy Program Administrators.

Panel

“Why Neurosurgery?” with Recently Matched MatiStudents
and Interns.

Panel Being a Woman in Neurosurgery.

Panel A Day in the Life of a Neurosurgery Resident

Lecture Avoiding burnout in Neurosurgery Reside(aryd Beyond).
Lab Presentation Simple Cranial Dissection.

Small Group Intracranial Pressure Management and Cranial Trauma
Presentation

Small Group Basic Neuronavigation Set Up, Common Instrument &&lhiow
Presentation to Use Them, What to do in the OR.

Small Group Reading Neuroradiology

Presentation

Small Group Spine Trauma: Evaluation and Management of C1 &d C
Presentation Fractures

Small Group Tumor Case Presentation

Presentation




Table 2. West Coast Registrant Academic Demographics

Total West Coast Registrants 305

MS 1 63 (20.7%)
MS 2 32 (10.5%)
MS 3 52 (17.0%)
MS 4 86 (28.2%)

MD / PhD Candidate in their PhD years

37 (12.1%)

Other (International Medical Graduate, non-PhD aede year/other degrees,
recent graduate)

Intend to apply for neurosurgery in the 2020-202tidhal Residency Match
(NRMP) cycle

35 (11.5%)

108 (35.4%)

Intend to apply for the 2021-2022 NRMP Cycle

59.8%8)

Intend to apply for neurosurgery (non-identified MR cycle)

123 (49.3%

No intentions of applying for neurosurgery residenc

15 (4.9%)




Other

Decreased time commitment from
participants and hosts

Decreased cost to attend versus an in-
person event

Greater inclusion of programs/hosts

Greater inclusion of
participants/greater access to content

VVNy SNouia we Noia a vVIK I UAL poot camp in the future?

Response Counts




vvnat are e most important purposes of the training camp for you?

Other

Resume review

To help me decide if | want to pursue a
career in neurosurgery

To help me improve tactile skills (i.e.
suturing, using a microscope, etc.)

To help me learn neurosurgical anatomy /
management

To help me choose sub-internships /
programs to apply to

To help me understand the interview
process

To obtain mentors in neurosurgery

To network with program attendings /
residents

o

10 20 30 40 50 60 70
Response Counts



Participant count

60

50

40

30

20

10

Change in enthusiasm for neurosurgery after the event

1: Much Less Enthusiastic
5: Much More Enthusiastic

19
18%

40
33%

59
49%

50

Change in anxiety about the neurosurgery

application or sub-I process for 2021 Change in general knowledge about the neurosurgery

60
1: Greatly increased my anxiety 1: No different
5: Greatly decreased my anxiety - 5: Much improved
51% 50 -
42%
40
2 30
29%
20
5 10
6%
1
% 1%
0




Abbreviations; coronavirus disease-19; COVID-19, medical student; M S, medical student
education; M SE
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