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OBJECTIVE Neurosurgeons frequently move throughout their careers, with moves driven by personal and professional
factors. In this study, the authors analyzed these migration trends through a dynamic migratory map and statistical re-
view, with a particular focus on differences in education and practice patterns between male and female neurosurgeons.

METHODS A list containing all board-certified and -affiliated US neurosurgeons practicing in 2019 was obtained from
the American Association of Neurological Surgeons. The list was augmented to include demographic and location in-
formation for medical school, residency, fellowship(s), and current practice for all neurosurgeons with publicly available
data. Migration heatmaps were generated, and migration patterns over 10-year intervals were plotted. A web tool was
additionally created to allow for dynamic visualization of this database.

RESULTS The database included 5307 neurosurgeons with a mean age of 57.2 + 11.3 years. The female population
made up 8.93% of all neurosurgeons, and were found to be more likely to complete fellowships than their male coun-
terparts, at 54.2% and 39.1%, respectively (p < 0.0001). A total of 39.5% of all neurosurgeons completed at least one
fellowship. A large proportion of currently practicing US neurosurgeons completed medical school internationally in the
1990s. Recently, there has been a trend in neurosurgeons choosing to practice in the South, emigrating from the North-
east and the Western US Census regions. By population, the Western US region trained the fewest neurosurgeons at 1
per 115,000 residents, and the Northeastern US region trained the most at 1 per 49,000. The web tool provides a simple
interface to visualize the database on a world map.

CONCLUSIONS Diversity, equity, and inclusion in neurosurgery have been a strong point of discussion in recent lit-
erature, with neurosurgeons comprising one of the most gender-disparate workforces in the US medical system. This
study provides additional metrics to assess these disparities to help motivate further action toward a larger, more diverse
neurosurgical community.

https://thejns.org/doi/abs/10.3171/2023.8.FOCUS23473
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neurosurgeons, which amounts to approximately 1

board-certified neurosurgeon for every 90,000 people
in the US as of 2023.12 This large patient-to-physician ra-
tio creates disparities in access to emergency neurosurgi-
cal care based on geographical, socioeconomic, and racial
factors.’* These health disparities are heightened by a lack
of diverse representation in the neurosurgical workforce.’

I N the US there are approximately 3800 board-certified

The neurosurgeon shortage will worsen in the near future
given that 45% of all practicing neurosurgeons are more
than 55 years old, and nearly 57% have practiced for more
than 20 years.?¢ A total of 240 physicians entered neuro-
surgery training in 2023, which may be sufficient to re-
place retiring surgeons, but does not allow for the demand
for growth of the field.” In 2013, the time needed to fill
the 305 neurosurgery vacancies was estimated at 2 years
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based on the neurosurgeon production rate.* Given the re-
cent calls for an expanded physician workforce in neuro-
surgery, it is pertinent to quantify the severity of disparity
in neurosurgical access across the nation.®

The demand for neurosurgery, particularly in the treat-
ment of spine disorders, has seen a nearly threefold in-
crease between 2000 and 2009.° The spine surgery market
as a whole continues to expand rapidly, with a projected
market capitalization for spinal fusion devices of $11.4 bil-
lion by 2030, driven by the expansion of the aging US pop-
ulation, which is projected to reach 80 million by 2040.1%!!
As of 2012, the median wait time to see a neurosurgeon
was 103 days for elective procedures, which was the most
of all medical specialties at the time, indicating a shortage
of access.”” In the US, the mean distance patients need to
travel to be seen by a neurosurgeon is 35.68 miles from
any county.”® Furthermore, the risk of death for a patient
with neurotrauma increases by 10% for every 25 miles of
distance from the nearest neurosurgeon.* This distance
remains a barrier to rural populations, leading to negative
healthcare outcomes, especially in trauma requiring im-
mediate neurosurgical access. Therefore, there is a need
to examine the migratory patterns of neurosurgeons in the
US to improve the delivery of neurological services and
provide time-sensitive quality of care to patients.

The movement and distribution of neurosurgeons
across the US has rarely been studied quantitatively. Many
neurosurgeons migrate between geographical locations as
they transition between training and practice stages. This
migration can be driven by certain personal or profes-
sional factors such as monetary incentives, availability of
adequate clinical infrastructure in a community, academic
and research opportunities, and appropriate working con-
ditions.!> Although more neurosurgical training positions
will ultimately be required to improve access, it is critical
to uncover the other factors contributing to the care dis-
parity. Between medical school, residency, and fellowship,
neurosurgeons frequently move throughout the country
and immigrate to the US. Additionally, some areas of the
US have a significantly greater neurosurgeon-to-popula-
tion ratio than others.

Neurosurgeons often move great distances between
each of their training steps on their journey to board-cer-
tified practice. To better understand geographical dispari-
ties in the neurosurgical workforce, this study explored
the migration patterns of neurosurgeons over the past 70
years by using statistical review and a dynamic migratory
mapping web tool. This study focuses on trends in neu-
rosurgeons who completed some part of their training in
the US. By examining historical data, scholarly research,
and anecdotal evidence, in this study we aimed to identify
the key drivers and trends that have shaped the movement
of neurosurgical talent across different regions and conti-
nents. Furthermore, we discuss the impact of migration on
the availability and accessibility of neurosurgical services,
highlighting the benefits and challenges associated with
this phenomenon. We additionally aimed to contribute
to the ongoing dialog surrounding the global mobility of
medical professionals by comprehensively examining the
migration of neurosurgeons. Ultimately, we hope that this
research will inform discussions on workforce planning,
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policy development, and international collaborations,
leading to enhanced healthcare delivery and improved pa-
tient outcomes in the field of neurosurgery.

Methods

A list of all neurosurgeon members of the American
Association of Neurological Surgeons (AANS) currently
practicing in the US was obtained in 2019, and data were
collected by the authors (A.D.S., A.L., and A.S.) on the
following: age; race; gender; academic education progres-
sion through medical school, residency, and fellowship;
dates of institutional attendance; location of current prac-
tice; and identifying information for all neurosurgeons in
the database by using cross-referenced online searches of
public databases.

The location names for all migration steps, including
medical school, residency, fellowship, and current practice
were extracted from the data, and the geopy package using
the Google Geocoding API'® in Python 3.11'7 was used to
convert semantic locations into latitude and longitude for
each educational institution and location of current prac-
tice. These geographical locations were associated with
dates of attendance to portray migration patterns over 10-
year periods. These migration trends were then compared
across the four US Census regions'® to determine if the
time-series data had a trend toward any particular region
of the US throughout training by using a chi-square test
of independence between training steps. A comparison
between migration distances of women and men was ana-
lyzed using Student t-tests and plotted across decades to
assess periodicity of geographical migration between the
genders. Each of the migration heatmaps were generated
using the rworldmap package in R

Fellowship data were subcategorized into the eight ex-
isting fellowships available to neurosurgeons. Categories
included spine, vascular, pediatric, functional, neuro-on-
cology, skull base, trauma, peripheral, and unspecified. A
demographic comparison between all fellowship-trained
neurosurgeons was made to characterize the different pat-
terns in fellowship behavior between male and female, and
US-native and international neurosurgeons. Chi-square
tests of independence were used to assess the differences
between groups. The means are reported + 1 SD. Neuro-
surgeons who trained in any international medical school
were considered international neurosurgeons for the pur-
pose of this study.

Due to the potential for these data to be further ana-
lyzed, R Shiny? and the leaflet R package?' was used to
provide the reader with an open-access web tool for dy-
namic visualization of the database (available at https://
mostafa-lab.shinyapps.io/Neurosurgery_Migration_Visu-
alization/).

Results
Participant Demographics and Fellowship
Subspecialization

The database included 5307 neurosurgeons. For 4638

(87.39%), age was reported, and the mean age was 57.2 +
11.3 years. For 5162 (97.27%), gender was reported, and
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TABLE 1. Basic demographics of the database, subdivided by gender

Total, n = 5307* Women, n = 461 Men, n = 4701
Mean age in yrs (SD) 57.2 (11.3) 52.1(9.2) 57.7 (11.3)
Reported race 2980 215 2765
Asian 369 (12.4) 38 (17.7) 331 (12.0)
Native American 1(0.03) 0(0) 1(0.04)
Middle Eastern 1(0.03) 0(0) 1(0.04)
Black (3.3) 10 (4.7) 88 (3.2)
Hispanic 127 (4.3) 8(3.7) 119 (4.3)
White 2309 (77.5) 151 (70.2) 2158 (78.0)
Other (2.6) 8(3.7) 68 (2.5)
No. of reported first medical schools in each location 4058 369 3686
International 84 (21.8) 98 (26.6) 785 (21.3)
usS 317 (78.2) 271 (73.4) 2901 (78.7)
No. of reported first residencies in each location 5010 444 4561
International 412 (8.22) 45(10.1) 363 (7.96)
us 4598 (91.8) 399 (89.9) 4198 (92.0)
Fellowship-trained neurosurgeons 2096 (39.5) 250 (54.2) 1837 (39.1)
No. of reported fellowships completed in each location 2053 240 1804
International 231 (11.3) 31(12.9) 199 (11.0)
us 1822 (88.7) 209 (87.1) 1605 (89.0)
No. of reported fellowships in subspecialties completed 2008 251 1750
Spine 498 (24.8) 23 (9.16) 473 (27.0)
Vascular 476 (23.7) 36 (14.3) 436 (24.9)
Pediatric 321 (16.0) 95 (37.8) 226 (12.9)
Functional 226 (11.3) 30 (12.0) 196 (11.2)
Neuro-oncology 166 (8.27) 35 (13.9) 130 (7.43)
Skull base 165 (8.22) 11 (4.38) 154 (8.8)
Trauma 27 (1.34) 3(1.20) 24 (1.37)
Peripheral 18 (0.90) 5(1.99) 13 (0.74)
Unspecified 111 (5.53) 13 (5.18) 98 (5.6)
Current practice locations 5301 460 4698
International 54 (1.0) 0(0) 53 (1.1)
us 5247 (99) 460 (100) 4645 (98.9)

Details race, medical school, residency, fellowship training locations, and types of fellowships pursued between the genders. Unless otherwise

indicated, values are expressed as the number (%).

* The overall total is correct—gender was not reported for all neurosurgeons. To avoid double counting, only the first program attended is

reported.

8.93% of neurosurgeons were female. A total of 2096
(39.5%) neurosurgeons completed at least one fellow-
ship. The most common fellowships were spine (24.8%),
followed by vascular (23.7%). However, when stratified
by gender, pediatrics was the most common fellowship
(37.8%) completed by female neurosurgeons. Female neu-
rosurgeons were additionally more likely to complete fel-
lowship training compared to male neurosurgeons (54.2%
vs 39.1%, p < 0.0001). Table 1 provides the basic demo-
graphic information regarding the data included in the
completed database.

Locations of Training and Current Practice
Locations for medical school attended and current

practice were reported for 76.5% and 99.9% of the neu-
rosurgeons, respectively. Residency and fellowship data
were available for 94.4% and 38.7%, respectively. The
most common state to complete medical school and resi-
dency was New York. The most common state to complete
fellowships was Ohio, and California is the state where
most neurosurgeons currently practice (Fig. 1). A total of
2096 neurosurgeons completed at least one fellowship,
and of those, the mean number of fellowships completed
was 1.37 +0.82.

Migration of Neurosurgeons

Between medical school and residency, 41.83% moved
to a different US Census region. Of those who completed
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A Medical School by State (International 22%) B

Residency by State (International 8%)

Percentage of
Neurosurgeons
12

FIG. 1. Maps illustrate the percentage of neurosurgeons who trained in each state for medical school (A), residency (B), fellowship
(C), and current practice (D). Darker regions indicate a larger proportion of the workforce. Maps were created using the rworldmap

package in R."®

fellowship training, 51.29% traveled to a different region
following residency. Between residency and current prac-
tice, 44.59% moved to a different region. Adjusted for
population, the western US region trained the fewest neu-
rosurgeons at 8.712 per million people, or approximately
1 per 115,000 residents; and the northeastern US region
trained the most at 20.539 per million, or approximately
1 per 49,000 residents. Despite migration, the change in
overall neurosurgeon population at each training stage
was nonsignificant (p = 0.192).

Trends in Migration From the 1950s to 2019

Based on combined training data for each decade, there
is no consistent movement of neurosurgeons into or out of
any particular region. A list of the total number of trainees
across the decades is described in Table 2. In the 1990s
there was a significant increase in international medical
students who were accepted into neurosurgical training
and eventually began practice in the US. Residency train-
ing has remained fairly consistent, with more residents
training in the South, Midwest, and Northeast regions
compared to residents in the western US and international
trainees. In the past 20 years, there has been a significant
increase in neurosurgeons pursuing subspecialization
through fellowships (p < 0.001) (Fig. 2). Migration pat-
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terns for medical school, residency, and fellowship are vi-
sually portrayed in Fig. 3.

The number of total moves between the four US Cen-
sus regions was significant, with female neurosurgeons
moving approximately 0.2 times more than male neuro-
surgeons on average (p < 0.0001). However, female neu-
rosurgeons had nonsignificantly increased total distance
traveled, at 6 km more than men on average (p = 0.1037).
Female-to-male ratio is visualized in Fig. 4, with positive
numbers indicating increased female-to-male ratio and
negative numbers indicating a decreased female-to-male
ratio.

Dynamic Visualization Web Tool

The web tool uses our database to display neurosurgeon
locations per training step around the world. The user can
select what to plot based on a combination of seven drop-
down menus. The first two menu options, “Choose an in-
put” and “Choose a state,” allow the user to specify the
state(s) where the neurosurgeons attended medical school,
their first residency, their first fellowship, or current prac-
tice. The states menu allows for multiple selections, en-
abling users to query neurosurgeons from one or more
states to be displayed on the map (Fig. 5).

The additional filter menus allow the user to narrow the
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TABLE 2. Metrics for location and migration based on training
stage from the 1950s to 2019

Stage of Training Medical School  Residency  Fellowship

No. of trainees w/

detailed location data 4058 5010 2053

Percentage of ranng 86.77% 99.25%  53.85%

ocation data available

No. of locations w/ date 3883 5177 1389

of attendance data
1950s 35(0.90) 12 (0.23) 1(0.07)
1960s 133 (3.43) 87 (1.68) 0(0)
1970s 583 (15.0) 397 (7.67) 3(0.22)
1980s 1099 (28.3) 1037 (20.03) 26 (1.87)
1990s 1199 (30.9) 1385 (26.75) 95 (6.84)
2000s 824 (21.2) 1707 (32.97) 836 (60.2)
2010s 10 (0.26) 552 (10.66) 428 (30.8)

No. of neurosurgeons
who immigrated to US
after training stage

881(217)  265(5.29) 260 (12.7)

No. of neurosurgeons
who emigrated from US
after training stage

45 (1.11) 57(144)  19(0.93)

No. of neurosurgeons
who trained at >1 institu-
tion during training stage

114 (2.81) 223 (445) 549 (26.74)

Unless otherwise indicated, values are expressed as the number (%).

results by race (Asian, Black, Hispanic, White, other); gen-
der (male, female); and whether the first residency or fel-
lowship was completed in the US or internationally. Mul-
tiple selections are available for these menus as well. The
final menu, “Display Location,” provides the locations to
display, with the same four options as the first menu. For
example, the default selections are “Medical School” and
“IL for the first two menus, female selected for the Gen-
der menu, all selections First Residency, First Fellowship,
and Race, and “Current” for the “Display Location” menu.
This map will show the current location of all female neu-
rosurgeons who attended medical school in Illinois.

Discussion
Geographical Disparities

Medical schooling represented the greatest geographi-
cal heterogeneity of our neurosurgical cohort, with most
neurosurgeons attending medical school in New York,
Texas, Illinois, and California. This distribution is prob-
ably driven by state populations, tuition incentives for at-
tending local medical schools, and the fact that nearly 30%
of all medical schools are within these four states.?>? The
majority (58.17%) of incoming residents remained within
the same geographical region as their medical school.
This may be due to geographical familiarity, connections
to surrounding academic institutions, and understanding
of state-based grants. We observed a decline in migration

Smith et al.

as the neurosurgeon progresses through their training.
This may be attributed to the surgeon establishing voca-
tional and nonvocational ties to their geographical locale
over time.

We hypothesize that the increase in neurosurgeons in
southern US regions is driven by private practice due to
tax and medical liability laws. The tax burden in southern
states is significantly lower than in states of the West and
Northeast.>* For that reason, neurosurgeons in the West
and Northeast are potentially leaving due to the higher
taxes. Political affiliation may also have some bearing on
the practice location decisions that neurosurgeons make.>
Additionally, we hypothesize that neurosurgeons may fa-
vor warmer climates common to states in the southern US,
leading to a trend toward the South, particularly with older
neurosurgeons.

Neurosurgical outcomes are significantly correlated
to the geographical distribution of the neurosurgical
workforce.?® Of the studied neurosurgeons with report-
ed locations (n = 4163), states in the central US host the
lowest neurosurgical density. In 2009, Mukherjee et al.
correlated low neurosurgeon density to the lack of pe-
diatric neurosurgical critical care services, highlighting
the disequilibrium between patient safety and physician
coverage.”’ Recognizing the inherent limitation of self-
reporting, future work should be done to build predictive
models for neurosurgeon migration. Furthermore, it is
important that we understand a neurosurgeon’s motiva-
tions for moving to different programs so that we can bet-
ter anticipate trends in migration. This will allow us to
identify care gaps and mitigate disparities in access to
neurosurgical care.

Women in Neurosurgery

Neurosurgery has historically been a male-dominat-
ed field, with women being underrepresented. Although
progress has been made in recent years, gender dispari-
ties persist.#?? Several factors contribute to this disparity,
including stereotypes and bias, work/life balance consid-
erations, and a general lack of women applying to neuro-
surgery programs, with less than 27% of applicants in the
past 5 years identifying as female.** When surveyed, fe-
male medical students showed interest in surgical special-
ties; however, 88.5% expressed concern for inequality and
adversity in their pursuit of male-dominated fields like
neurosurgery.’ Female medical students also cited chal-
lenges and inadequate policy around family leave, preg-
nancy, and breastfeeding as an important factor in their
career decision.”!

Neurosurgical societies are an important means to con-
nect the neurosurgical community, foster mentorship, and
facilitate academic growth. Currently, only 28% of board
positions are held by women. The lack of female lead-
ers and mentors in neurosurgery may discourage women
from entering the field or hinder their career progression.*?
All of these factors coalesce to result in fewer numbers of
women than men currently applying to neurosurgery.

Efforts to address these disparities include promoting
diversity and inclusion, creating supportive work environ-
ments, and providing mentorship opportunities for aspir-
ing female neurosurgeons. Increasing awareness about
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A Number of Neurosurgeons Training in Locations Across Decades
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FIG. 2. Comparative plots of the training locations over time for neurosurgeons. A: Number of trainees in medical school, resi-
dency, and fellowship across decades (from left to right). B: Percentage of trainees in medical school, residency, and fellowship

across decades (from left to right).

gender bias and implementing policies to promote work/
life balance can also help bridge the gender gap. Recent
changes, including increased female applicants, Accredi-
tation Council for Graduate Medical Education (ACGME)
changes, and more residency positions have probably al-
lowed for the apparent narrowing of this disparity.”** The
female workforce in neurosurgery increased from 11.15%
to 17.82% between 2008 and 2018.3* This may be attribut-
ed to the changes in ACGME residency requirements, par-
ticularly after the 80-hour work week was implemented by
the ACGME in 2003, with revisions in 2011.3 As of May
2021, 8.85% of neurosurgery program directors were fe-
male, which is consistent with the overall representation of
female neurosurgeons seen in this study.’> Additionally, fe-
male program directors were more likely to be appointed
to the position earlier in their careers following residency
compared to their male counterparts (8.6 vs 14.7 years, re-
spectively; p = 0.013).%

Of the neurosurgeons who reported fellowship training,
a greater proportion of women were fellowship trained
than men (54.2% vs 39.1%, p < 0.0001). Fellowship com-
pletion by neurosurgeons has had a 10-fold increase since
2000. Furthermore, there has been an increase in the rate
of women entering the field of neurosurgery in the last
decade. The female fellowship rates may be falsely ele-
vated by this simultaneous influx in fellowship popular-
ity due to the larger population of older men who com-
pleted residency before the 2000s. However, there may
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also be differences in perceived competence, motivating
a female neurosurgeon to pursue advanced training.’* We
hypothesize that women’s choice of residency and fellow-
ship—and particularly their geographical stasis between
their residency and fellowship—may be related to commu-
nity (mentorship, faculty, colleagues), policy (family leave,
length of training), and cohort representation (race, gender,
ethnicity).

Outlook for the Future of Neurosurgery

Like most other medical specialties, the neurosurgery
workforce exhibits disparities in gender representation
and geographical distribution. These disparities are a sub-
ject of concern and study within the medical community.
However, the further quantification of these disparities and
a deeper understanding of their causes will assist in creat-
ing a holistic and diverse neurosurgical workforce.

There are two important approaches to consider when
working to reduce the gender disparity in the neurosur-
gical workforce: a top-down marketing approach by pro-
grams, mentors, and accreditation associations, and a
bottom-up approach in the education of women in the pos-
sibilities of a neurosurgical career and the importance of
a diverse workforce in medical specialties.*> We propose
that in the top-down approach, programs, mentors, and
associations should give special consideration to regions
that have a lower enrollment of female neurosurgeons in
residency. The workforce has been significantly changing
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Attendange Patterns for Medical School Across Decades
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FIG. 3. Migration dynamics over 10-year intervals assessed using migration heatmaps (cold = emigration, warm = immigration) for
first medical school (A), first residency (B), and first fellowship (C). Migration from international locations is reported as positive for
immigration and negative for emigration. Maps were created using the rworldmap package in R."®
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‘Change in all Levels of Neurosurgeons
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FIG. 4. Comparative maps characterize the state-level female-to-male ratio across the decades, pooling all training steps including
current practice. Orange indicates an increase in female-to-male ratio, and purple indicates a decrease in female-to-male ratio.

Maps were created using the rworldmap package in R."®

in recent years, with the current number of female neuro-
surgical residents approaching 20%; however, this figure
remains far from the overall female population (approxi-
mately 50.8%).”” This study provides a potential method
of approaching the need for improved diversity in the neu-
rosurgical workforce through targeting regions where fe-
males are underrepresented and less likely to participate in
neurosurgical training.

Limitations

Our study was primarily limited by the AANS data-
base, which is derived from the active neurosurgeon work-
force in the US in 2019. Reliance on publicly available data
resulted in inconsistent self-reporting of race, education,
location, age, specialty, and advanced training. These data
may be incomplete or inaccurate due to the self-reporting
of information obtained through web searches. Specific
factors for why a neurosurgeon may choose to migrate
were not available from this database. Furthermore, the
AANS database is limited to American surgeons. Thus,
our study does not follow the surgeons who train in a med-
ical school, residency, and/or fellowship in the US, but who
currently practice internationally.

This study would be improved through a centralized
collection and storage of neurosurgeon affiliations with
the AANS. Before this study, there was no such central-
ized database containing neurosurgeons’ training loca-
tions, information regarding their fellowships, and move-
ment across their practice locations. Because current prac-
tice does not include any prior jobs, it is difficult to assess
the journey neurosurgeons take between their final stage
in training and their current practice today. Some statistics
that would benefit from this information would include the
total distance moved by neurosurgeons throughout their
careers, whether there was a journey that was undetect-
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ed in the 55.4% of neurosurgeons who currently practice
in the same region as their residency training, and better
quantification of when neurosurgeons choose to train in
fellowships after residency.

This study could benefit from expansion to a global
scale. Although the workforce in the US indicates a need
for improved access, particularly in the western US region,
the metrics described in this study do not correlate well
with the demands for neurosurgical care across the globe.
A 2019 study by Corley et al. estimates that, for low- and
middle-income countries, there should be access to at least
1 neurosurgeon per 212,000 people, indicating a much
greater shortage in access to care compared to the US.3®
Therefore, further research is required to quantify the geo-
graphical neurosurgical disparities on a global scale.

Conclusions

In this study we explored the trends in neurosurgeon
practice types, migration patterns, and chronology of
education, with a comparative analysis between the two
genders. This study highlighted the fact that women are
more likely than men to train in fellowships, showed that
fellowships have had a rapid increase in popularity over
the past 20 years, and that there was a sudden influx in in-
ternationally trained medical students from the 1990s who
became American neurosurgeons. Many of the statistics
uncovered in this database recapitulate existing knowl-
edge as well, particularly the limited size of the female
neurosurgeon workforce, and the trend in increased fel-
lowship training, validating our data as representative of
the existing literature.

The analysis of these trends may be interesting for a
variety of purposes, from helping surgeons interested in
finding underserved populations, to service, to identify-
ing gaps in care that might benefit from increased targeted
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Neurosurgeon Migration Map

Choose an input:
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Choose a state:
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United States, International, Unknown
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FIG. 5. Web tool visualization for state-level migration. An example is plotted, showing the current practice location of all female
neurosurgeons who attended medical school in lllinois. Made in R using R Shiny and leaflet packages.??' Map generated using
Leaflet, an open-source JavaScript library. Map tiles by Stamen Design, CC BY 3.0 (https://creativecommons.org/licenses/by/3.0/).
Map data © OpenStreetMap contributors (https://openstreetmap.org/copyright).

recruitment for specific geographical locations. Working
alongside the World Federation of Neurosurgical Societies
and our global partnerships are a critical next step to as-
sessing the global trends in neurosurgeon migration. The
web tool proposed here will serve as a critical resource for
those analyzing the trends in neurosurgeons, particularly
when comparing disparities in access to care. The web
tool may be applicable to uncovering disparities in other
medical specialties as well in the future.

As exemplified by recent calls for an improved work-

force, the existing pool of neurosurgeons falls short of
meeting the current and growing demand, driven by the
increasing US population. The challenges posed by an ag-
ing neurosurgical profession and the difficulties in recruit-
ing enough physicians to replace them have further exac-
erbated the already existing shortage of access to essential
care. Continued measures are needed to expand the neuro-
surgical workforce and address disparities in geographical
access to neurosurgical care, and to reduce gender dispari-
ties in the neurosurgical workforce nationwide.
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