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Original Article
An Evaluation of Neurosurgical Practices During the Coronavirus Disease 2019 Pandemic

Panayiotis E. Pelargos1, Arpan R. Chakraborty1, Owoicho Adogwa3, Karin Swartz4, Yan D. Zhao2, Zachary A. Smith1,
Ian F. Dunn1, Andrew M. Bauer1
-OBJECTIVE: We sought to understand how the corona-
virus disease 2019 pandemic has affected the neurosur-
gical workforce.

-METHODS: We created a survey consisting of 22 ques-
tions to assess the respondent’s operative experience,
location, type of practice, subspecialty, changes in clinic
and operative volumes, changes to staff, and changes to
income since the pandemic began. The survey was
distributed electronically to neurosurgeons throughout the
United States and Puerto Rico.

-RESULTS: Of the 724 who opened the survey link, 457
completed the survey. The respondents were from
throughout the United States and Puerto Rico and repre-
sented all practices types and subspecialties. Nearly all
respondents reported hospital restrictions on elective
surgeries. Most reported a decline in clinic and operative
volume. Nearly 70% of respondents saw a decrease in the
work hours of their ancillary providers, and almost one half
(49.1%) of the respondents had had to downsize their
practice staff, office assistants, nurses, schedulers, and
other personnel. Overall, 43.6% of survey respondents had
experienced a decline in income, and 27.4% expected a
decline in income in the upcoming billing cycle. More
senior neurosurgeons and those with a private practice,
whether solo or as part of a group, were more likely to
experience a decline in income as a result of the pandemic
compared with their colleagues.

-CONCLUSION: The coronavirus disease 2019 pandemic
will likely have a lasting effect on the practice of
medicine. Our survey results have described the early
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effects on the neurosurgical workforce. Nearly all neuro-
surgeons experienced a significant decline in clinical
volume, which led to many downstream effects. Ultimately,
analysis of the effects of such a pervasive pandemic will
allow the neurosurgical workforce to be better prepared
for similar events in the future.
INTRODUCTION
s coronavirus disease 2019 (COVID-19) spread globally,
the World Health Organization declared a global
Apandemic on March 11, 2020.1,2 The pandemic quickly

altered all aspects of society and badly strained the healthcare
system. The rapid increase in COVID-19 cases in the United
States and the forecast shortfall of personal protective equipment,
ventilators, and hospital beds led the American College of Sur-
geons to recommend the cessation of elective surgeries and triage
of the remaining cases according to the level of acuity on March
13, 2020.3,4 The Centers for Medicare and Medicaid Services also
released recommendations for a tiered framework for
prioritizing surgeries and procedures.5 These recommendations
were echoed in a joint statement from the American Association
of Neurological Surgeons (AANS) and the Congress of
Neurological Surgeons, and several templates were reported
from institutions throughout the United States for triaging
neurosurgery patients.6-15 Neurosurgery practices around the
United States adapted rapidly and variously, including canceling
elective procedures, triaging of urgent cases, deploying telemed-
icine for office visits, and altering the traditional workflow
of everyday practice. For many, productivity decreased, and
neurosurgeons’ practices and income have been affected.
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To better understand how the COVID-19 pandemic has affected
the neurosurgical workforce, we conducted an electronic survey of
practicing neurosurgeons in various settings. Specifically, we
sought to understand how the pandemic has affected neurosur-
geons’ case and clinic volume, compensation, changes in clinic
structure, employment of support staff, and attitudes toward these
changes.

METHODS

Survey
An electronic survey (Supplementary Figure 1) was created
(Qualtrics, Provo, Utah, USA) and distributed via e-mail to 9988
members of the AANS mailing list, including 5224 practicing
neurosurgeons across the United States and Puerto Rico on
April 15, 2020. A reminder e-mail with the survey link was sent
1 week later to this same group. The survey consisted of 22
questions, which were designed and vetted by us. Because of
the rapid progression of the pandemic, the survey was not
validated before distribution for use as a psychometric tool.
The questions were designed to ascertain the respondent’s
operative experience, practice location, practice type,
subspecialty, changes in clinic and operative volumes, changes
to staff, and changes to income during the period since the
pandemic began. The responses were collected anonymously
via the Qualtrics interface. Although the survey link was sent
twice to AANS and Council of State Neurosurgical Societies
(CSNS) members, the electronic nature of the survey did not
allow for duplicate entries. We received 457 responses
from April 15, 2020 to May 1, 2020. Participation was strictly
voluntary.

Definitions
The respondents could specify their practice as solo private
practice, group private practice, hospital employed (nonaca-
demic), academic, Veterans Affairs Medical Center, or locum
tenens. Furthermore, respondents could specify their primary
subspecialty as none, cerebrovascular/endovascular, spine,
neurocritical care, pediatric, tumor/skull base, pain/functional, or
peripheral nerve.

Statistical Analysis
Descriptive statistics were used to characterize the responses from
the study cohort. Categorical variables were summarized using
counts and proportions and were compared among the grouped
variables such as subspecialty and geographic region (high volume
vs. low volume) using the Fisher exact test. The Cochran-Armitage
trend test was used to assess the relationship between the number
of years in practice and the reduction in income during the
COVID-19 pandemic. High-volume regions were defined as those
states, districts, or territories with >10,000 cases of COVID-19.
Low-volume regions were defined as those with �10,000 cases,
as reported by the U.S. Centers for Disease Control and Prevention
on May 18, 2020.16

All tests were 2-sided, and P < 0.05 was considered to indicate
statistical significance. Statistical analysis was performed using
SAS, version 9.4 (SAS Institute, Cary, North Carolina, USA).
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RESULTS

Demographics
The first e-mail was opened by 4088 AANS and CSNS members,
with 704 opening the survey link. The second e-mail was opened
by 3806 members, with 24 opening the survey link. A total of 457
responses were received from all 50 states, the District of
Columbia, and Puerto Rico. The overall response rate was 8.7%.
All practice types and subspecialties were represented (Figure 1).
Of the 457 respondents, 80 were from low-volume regions, 340
were from high-volume regions, and 37 declined to give the
location of their practice. Most respondents had been in practice
for >20 years (45.2%), with the remainder evenly distributed in
years of practice: 1e5 years, 15.8%; 6e10 years, 12.7%; 11e15
years, 13.2%; and 16e20 years, 13.2%.

Clinical and Operative Volume
Nearly all respondents (97.1%) reported hospital restrictions on
elective surgeries during the COVID-19 pandemic. Emergency
neurosurgery was less affected, because only 22.5% of the
respondents reported having difficulty admitting patients to the
hospital, and 21.7% reported delays for emergent surgeries. Most
respondents (64.1%) reported that the overall neurosurgical care
of their patients had suffered as a result of the pandemic, although
25.2% reported that care was not negatively affected and 10.7%
were unsure (Figure 2). No significant difference was found in the
effects to neurosurgery care when comparing the respondents by
their years in practice, type of practice, or subspecialty.
Most respondents (93.0%) reported a decline in their clinical

volume: 4.2% experienced a 1%e25% decline; 16.2%, a 26%e50%
decline; 39.6%, a 51%e75% decline; and 33.0%, a 76%e99%
decline. Of the 457 respondents, 24 (5.3%) had closed their
practice completely during the pandemic, 6 (1.3%) had experi-
enced no change in clinic volume, and 2 (0.4%) reported an in-
crease in their clinic volume (Figure 3). Neurosurgeons in practice
>20 years (8.3% vs. 2.8% for all others; P ¼ 0.011), those in solo
private practice (19.4% vs. 4.2% for all others; P ¼ 0.003), and
those with a primary subspecialty of spine (10.1% vs. 3.2% for
all others; P ¼ 0.001) were significantly more likely than their
counterparts to have completely closed their outpatient clinics
during the pandemic (Figure 4). Of those who had continued to
see patients in the clinic, most had continued to do so
remotely, because 93.6% had increased their use of telemedicine.
Similarly, most respondents (91.4%) had reported a decline in

their operative volume: 5.9% had experienced a 1%e25% decline;
11.8%, a 26%e50% decline; 28.1%, a 51%e75% decline; and
45.6%, a 76%e99% decline. Of the 457 respondents, 33 (7.2%)
had stopped operating completely during the pandemic, 4 (0.9%)
reported no change in their operative volume, and 2 (0.4%) re-
ported an increase in their operative volume (Figure 5). Several
groups were more likely than their counterparts to have stopped
operating completely during the pandemic period. Those in
practice >15 years were more likely to have stopped operating
during the pandemic than were those in practice �15 years
(9.4% vs. 3.7%; P < 0.001). Neurosurgeons in solo private
practice were more likely to have stopped operating than were
their peers in other practice types (19.4% vs. 6.4%; P ¼ 0.007).
Spine surgeons were more likely to have stopped operating
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.10.025

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.10.025


Figure 1. Graph showing the distribution of
subspecialties among survey respondents. Most
respondents were general or spine neurosurgeons.

Two respondents did not state their primary
subspecialty.
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compared with their colleagues in other subspecialties (15.1% vs.
3.8%; P < 0.001; Figure 6). Furthermore, the reduction in
operative volume differed significantly (P ¼ 0.03) between
regions with high volumes of COVID-19 cases compared with
the regions with low volumes of cases (Table 1).
Although, generally, fewer restrictions had been placed on

outpatient surgery centers, 20.2% of the respondents had decreased
their use of the outpatient surgery center, and nearly one tenth
(9.4%) had continued to perform surgery at the same or greater
volume. Most respondents (70.4%) had not performed surgery at
outpatient surgery centers before or during the pandemic.

Trainee and Staff Education and Work Hours
Slightly more than one half of the respondents (51%) reported
working with residents or fellows. Of those, 78.9% reported that
Figure 2. Graph showing the respondent responses to the question of
whether the respondents believed that the neurosurgical care of their
patients had suffered significantly because of the coronavirus disease
2019 pandemic. Most respondents reported that the neurosurgical care of
their patients had suffered during the pandemic.
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the education of their residents and/or fellows had suffered as a
result of the pandemic, and 17.7% reported that adequate
adjustments had been made to the educational program such that
their education would not suffer. Just >60% of the respondents
noted a decrease in resident and fellow clinical work hours during
this period.
Similarly, nearly 70% of the respondents saw a decrease in the

work hours of their ancillary providers. Only 0.9% of the re-
spondents reported increasing the work hours of their ancillary
providers to compensate for the decrease in clinical hours worked
by residents and fellows. Almost one half (49.1%) of the re-
spondents had had to downsize their practice staff, office assistants,
nurses, schedulers, and other personnel because of the pandemic,
and 50.9% had not had to enact any changes to their staff.

Academic Pursuits
The pandemic has also had an effect on the academic pursuits of
neurosurgeons. Of the respondents who participate in research,
nearly one half (47%) stated that they were unable to enroll
patients into clinical trials during the pandemic period. Many
respondents also had had to downsize or close their research
laboratories (22%) or were unable to hire laboratory staff (7.3%).
Furthermore, many had experienced delays in the publication of
scholarly papers (12.9%), and 8.7% were unable to obtain or had
experienced delays in obtaining grant funding. A small group
(1.7%) had applied for emergency grant funding to study COVID-
19eassociated neurosurgical issues (Figure 7).

Exposure to COVID-19
Only 14.7% of the respondents reported that their practice had
been affected because they or a partner had been exposed to, or
had contracted, COVID-19, resulting in quarantine. Furthermore,
only 26.8% of the respondents had been asked by their hospital to
provide non-neurosurgical medical services to patients with
www.journals.elsevier.com/world-neurosurgery e93
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Figure 3. Graph showing the change in clinic volumes
among all respondents during the coronavirus disease
2019 pandemic. Most respondents had experienced a

>50% decline in their clinic volume, and >5% of
respondents had closed their clinic altogether during
the pandemic.
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COVID-19. Just more than 67% reported that they would be willing
to provide non-neurosurgical medical care to patients with
COVID-19 on a voluntary basis if needed, 10.5% stated they would
not be willing to provide non-neurosurgical medical care, and
another 22.4% stated they were not comfortable or qualified to
provide these services. Neurosurgeons in practice <20 years were
significantly more likely to be willing to provide non-neurosurgical
care to COVID-19 patients than were those in practice >20 years
(73.1% vs. 59.7%; P ¼ 0.007).
Figure 4. Graph showing the change in clinic volume stratified by the years
in practice, type of practice, and subspecialty during the coronavirus disease
2019 pandemic. Those in practice >20 years were significantly more likely
to have closed their clinic compared with the remainder of their colleagues
(8.3% vs. 2.8%; P ¼ 0.011). Those in solo private practice were significantly
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Income
Overall, 43.5% of the survey responders had already experienced a
decline in income, and 27.4% expected a decline in income in the
upcoming billing cycle. The remainder (29.1%) reported they did
not anticipate a change in their income. We found an inverse
relationship between the years in practice and a change in income
during the pandemic. More senior neurosurgeons reported a
decline in income during this period compared with their more
junior counterparts (P ¼ 0.012). Those in private practice,
more likely to have closed their clinic than were those in other practice
types (19.4% vs. 4.2%; P ¼ 0.003). Those whose primary subspecialty was
the spine were significantly more likely to close their clinic than were those
in other subspecialties (10.1% vs. 3.2%; P ¼ 0.001).

UROSURGERY, https://doi.org/10.1016/j.wneu.2020.10.025
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Figure 5. Graph showing the change in operative
volumes among all respondents during the coronavirus
disease 2019 pandemic. Most respondents had

experienced a >50% decline in their operative volume,
and >7% of respondents had stopped performing
surgery altogether during the pandemic.
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whether solo or as part of a group, were more likely to have
experienced a decline in income as a result of the pandemic
compared with their hospital employed and academic counter-
parts (P < 0.001). Similarly, those surgeons who were hospital
employed were more likely to have had a decline in income
compared with those working in academic departments (P <
0.001). Among the neurosurgical subspecialties, 82.4% of
functional neurosurgeons, 78.3% of spine surgeons, 73.4% of
general neurosurgeons, 71.1% of vascular/endovascular
Figure 6. Graph showing the change in the operative volume stratified by
the years in practice, type of practice, and subspecialty during the
coronavirus disease 2019 pandemic. Those in practice >15 years were
significantly more likely to have completely stopped performing surgery
compared with the remainder of their colleagues (9.4% vs. 3.7%; P < 0.
001). Those in solo private practice were significantly more likely to have

WORLD NEUROSURGERY 146: e91-e99, FEBRUARY 2021
neurosurgeons, 66.7% of neurocritical care neurosurgeons,
61.4% of tumor/skull base neurosurgeons, 48.8% of pediatric
neurosurgeons, and 25% of peripheral nerve neurosurgeons had
experienced or had expected to experience a decline in income.
These differences across subspecialties were statistically signifi-
cant (P ¼ 0.003). Overall, no statistically significant difference
was found in the income changes between the respondents
practicing in high-volume versus low-volume states (P ¼ 0.162;
Table 1).
completely stopped performing surgery than were those in other practice
types (19.4% vs. 6.4%; P ¼ 0.007). Those whose primary subspecialty was
the spine were significantly more likely to have completely stopped
operating than were those in other subspecialties (15.1% vs. 3.8%; P < 0.
001).

www.journals.elsevier.com/world-neurosurgery e95
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Table 1. Neurosurgeons’ Responses on Changes to Admission of Patients, Quality of Care, Clinic Volume, Operative Volume, and Income
Stratified by Region Case Level

Survey Question and Possible Response

Region Volume

Nonparametric
P Value*<10,000 Cases (n [ 80) >10,000 Cases (n [ 340)

Q6. Have you had problems admitting neurosurgical patients because of high
census secondary to the COVID-19 epidemic?

0.077

Yes 9 (11.25) 68 (20.18)

No 71 (88.75) 269 (79.82)

Q8. Do you feel that the neurosurgical care of your patients has suffered
significantly because of the COVID-19 epidemic?

0.444

Definitely yes 31 (38.75) 114 (33.53)

Probably yes 18 (22.5) 103 (30.29)

Might or might not 11 (13.75) 32 (9.41)

Probably not 14 (17.5) 70 (20.59)

Definitely not 6 (7.5) 21 (6.18)

Q9. How much reduction in volume have you experienced in your outpatient
clinic/hospital consults since the start of the COVID-19 epidemic?

0.633

My clinic/hospital volume has increased 0 (0) 2 (0.59)

No change in volume 0 (0) 4 (1.18)

Volume decreased by 1%e25% 4 (5) 11 (3.24)

Volume decreased by 26%e50% 17 (21.25) 51 (15)

Volume decreased by 51%e75% 33 (41.25) 137 (40.29)

Volume decreased by 76%e99% 24 (30) 117 (34.41)

I have closed my outpatient clinic completely 2 (2.5) 18 (5.29)

Q11. How much reduction in operative volume have you experienced since the
start of the COVID-19 epidemic?

0.03y

My operative volume has increased 0 (0) 2 (0.59)

No change in volume 1 (1.25) 2 (0.59)

Volume decreased by 1%e25% 5 (6.25) 15 (4.41)

Volume decreased by 26%e50% 9 (11.25) 38 (11.18)

Volume decreased by 51%e75% 34 (42.5) 85 (25)

Volume decreased by 76%e99% 26 (32.5) 172 (50.59)

I have stopped operating completely 5 (6.25) 26 (7.65)

Q21. Have you experienced fluctuation in your income secondary to the COVID-
19 epidemic?

0.162

No, I have a salaried position and do not expect my income to change 22 (27.85) 100 (29.67)

No, but I expect that my income will decrease once the billing cycle catches
up

16 (20.25) 99 (29.38)

Yes 41 (51.9) 138 (40.95)

COVID-19, coronavirus disease 2019; Q, question.
*Calculated using the Fisher exact test.
yStatistically significant.
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Figure 7. Pie chart showing how the coronavirus
disease 2019 pandemic has affected the respondents’
research efforts. These were not mutually exclusive
categories (e.g., a respondent could select spending

increased time conducting clinical research, watching
remote didactic lectures, and spending time in the
anatomy laboratory).
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Effect on Morale
Overall, 20.4% of respondents had experienced a decreased value
in their profession as a result of the pandemic, 15.1% an increased
value, and 64.5% no change in the value of their profession. No
differences were found in the sentiment toward their profession
when comparing neurosurgeons by their years in practice, practice
type, or subspecialty.
DISCUSSION

The COVID-19 pandemic has resulted in unprecedented chal-
lenges to modern society and strains on the healthcare system.
Hospitals have placed restrictions on elective surgery, clinic
visits, visitors to the hospital, the use of personal protective
equipment, and time spent in the hospital. Understandably,
these measures have been enacted to limit the spread of COVID-
19 and preserve scarce medical resources for the treatment of
those infected with this often-deadly respiratory disease. How-
ever, the consequences of these measures have been far-reaching
and have affected all aspects of the healthcare system.17-22

Although some evidence has shown that COVID-19 might have
some relationship to acute ischemic stroke, neurosurgeons have
not otherwise been generally involved in the direct care of pa-
tients with COVID-19.23 Neurosurgical practices were much more
likely to be affected by the measures in place to stop the spread of
COVID-19, such as limitations on elective surgery and clinic
visits, access to care, conservation of intensive care unit beds,
and limitations on the hours worked by ancillary providers and
residents. The revenue loss from halting elective surgery has
likely had a profound effect on a neurosurgeon’s income and
ability to continue to run a practice and employ staff. These
financial consequences could continue to hamper our profession.
Our survey sought to elucidate the true effects of this pandemic
on neurosurgeons, the practice of neurosurgery, and the care of
our patients.
No events in recent memory have had such as pervasive effect

on the daily practice of neurosurgery and medicine in general.
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Nearly all survey respondents (97.1%) were affected by the na-
tional and local restrictions placed on elective surgery. Emer-
gency neurosurgery was less affected, with approximately one
fifth of respondents reporting difficulties in admitting patients to
the hospital and another one fifth reporting delays in getting
emergent cases to the operating room. Nonetheless, nearly two
thirds of the participating neurosurgeons reported that the care
of their patients had suffered during this period, and these ef-
fects were similar for all neurosurgeons regardless of their
seniority, type of practice, subspecialty, or practice location.
Overall, nearly three fourths of the neurosurgeons had experi-

enced >50% decline in outpatient clinic volume, with just >5% of
respondents closing their outpatient clinics during the pandemic.
These changes in clinic volume were similar in all states and re-
gions, regardless of the volume of COVID-19 cases. This decline in
clinic volume created a major access problem for our patients and
an ethical dilemma in deciding which patients had a condition
serious enough to be considered “emergent” and require an in-
person consultation or surgery. Those in solo private practices
were disproportionately affected, because nearly 20% had closed
their outpatient clinics in response to the pandemic, a statistically
significant percentage compared with other practice types. Given
that many solo practices were located in areas that were already
underserved, this might serve to perpetuate the patient access
problem. Although our survey had not specifically addressed the
types of patients or cases that were delayed, it might be worth
further study to determine which elective or semi-elective cases are
universally considered “urgent” or “emergent.” For example,
should surgery for a patient with newly diagnosed glioblastoma be
delayed for a number of weeks because the condition is not truly
emergent? The pandemic has also resulted in new approaches in
how we practice neurosurgery. Nearly 94% of those who had
responded to our survey reported that they had increased their use
of telemedicine.
The reduction in operative volume was greater than previously

reported during the early pandemic period.24 Nearly three fourths
of the respondents had experienced a decline of >50% in
www.journals.elsevier.com/world-neurosurgery e97
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operative volume, with 7.3% stopping surgery completely.
Although the reduction in operative volume was not
significantly different across neurosurgeons with different
experience or type of practice, we found a statistically
significant decline in operative volume in the regions with a
higher number of COVID-19 cases. Furthermore, spine sur-
geons were more likely to stop operating completely during the
pandemic period. This decrease in inpatient operative volume did
not translate to a proportional increase in outpatient surgery
center use, because only 9.4% of respondents had continued to
perform surgery at the same or greater volume at the outpatient
surgery center and more than double that proportion had
decreased their use of the outpatient surgery center during the
same period (20.2%).
The pandemic has not only affected neurosurgeons and their

patients, but has also had a similar effect on neurosurgery trainees
and ancillary providers. More than 60% of the respondents noted a
decrease in resident and fellow clinical work hours, and nearly
80% expressed concern that their residents’ and fellows’ educa-
tion had suffered as a result.25 The shortfall in work by residents
was not compensated for by an increased use of ancillary
providers because <1% reported an increase in their ancillary
providers’ work hours. Rather, 69.3% of survey responders saw
a decrease in their ancillary providers work hours and almost
one half had had to decrease their practice staff. These
limitations in residents and ancillary providers might have
resulted in a larger role for staff neurosurgeons in call coverage
and inpatient hospital work, which could have further limited
patient access.
Given the decline in clinic and operative volumes, it can be

expected that most neurosurgeons had experienced a decline in
income during the pandemic. Overall, 71% of the respondents had
experienced or expected to experience a decline in income during
the pandemic and the remaining 29% had not. Neurosurgeons
who practiced in a private practice setting were more likely to have
experienced a decline in income compared with those who were
hospital employed (P < 0.001). Those who were hospital
employed were more likely to experience a decline in income than
were those employed in an academic setting (P < 0.001). This
might have been because academic neurosurgeons often have
other nonclinical components of the compensation plan that were
less likely to be affected by the COVID-19 pandemic (i.e., research,
teaching). The more senior neurosurgeons had experienced a
greater decline in income during the pandemic. This likely had
resulted because senior neurosurgeons will have well-developed
elective referral bases and mature practices that are more likely
to be strongly affected by any limitation in elective work. It is also
possible that the more senior neurosurgeons were more vigilant
about practicing social distancing measures. It is also important to
consider that although the incoming revenues had significantly
declined, the practice expenses (i.e., payroll, insurance, office
expenses) have continued unchanged. This led 39.9% of the re-
spondents in our study to downsize their practice in an effort to
limit these expenses. This, in turn, could lead to issues for patient
access in the future.
Overall, approximately two thirds of respondents (67.1%) were

willing to assist in the non-neurosurgical care of COVD-19 patients
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if needed. Neurosurgeons who had been in practice >20 years
stated they were less willing to provide non-neurosurgical medical
care than their counterparts in practice for <20 years. Most neu-
rosurgeons, however, were not asked by their hospital to assist in
the non-neurosurgical care of these patients, because only 26.8%
of respondents reported they had been asked by their hospital to
do so.
Although our survey was useful in describing the effects of the

pandemic on the average neurosurgeon, a number of limitations
still exist. We acknowledge that the results of our study might
only represent the opinions of a percentage of practicing neuro-
surgeons. Our survey was sent to 5224 practicing neurosurgeons
who are members of the AANS and/or the CSNS across the United
States and Puerto Rico, with 457 members completing the survey,
for a response rate of 8.7%. From these respondents, we obtained
the data presented in our report. We believe that although this
does not constitute all opinions, our survey results represent
significant exposure to the opinions of practicing neurosurgeons
during the pandemic. A joint statement by the AANS, Congress of
Neurological Surgeons, American Board of Neurological
Surgery, and Society of Neurological Surgeons reported an esti-
mated 3689 practicing board-certified neurosurgeons in the
United States as of 2012.26 However, our survey was also sent to
noneboard-certified neurosurgeons; therefore, it reasonable to
expect that the survey was sent to most practicing
neurosurgeons in the United States and Puerto Rico. As with
any survey, the opportunity for a response bias exists. Our
selected population was not random, and it is quite possible
that the neurosurgeons most affected by the pandemic did not
respond owing to their increased responsibilities working on
the front lines caring for COVID-19 patients. Additionally,
because of the rapid progression of the pandemic, the survey
could not be validated as a psychometric analysis tool before
distribution. Therefore, the results should be interpreted more
descriptively.

CONCLUSION

The COVID-19 pandemic will likely have lasting effects on many
aspects of the practice of medicine. Our survey has provided more
information on the particular vulnerabilities of different practice
types and subspecialties to disasters of this nature. Nearly all
neurosurgeons have seen a significant decrease in clinical volume.
This was most pronounced for more senior surgeons who have
well-established elective practices and more likely for those sub-
specializing in the spine. As expected, this decrease in volume has
led to decreased income for neurosurgeons and their practices,
which, in many cases, has led to restructuring of the practice it-
self. In the future, this could lead to reduced patient access. Little
doubt exists that the lessons learned will shape our clinical
practice patterns, compensation models, and preparedness for
future pandemics or other disasters.
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