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Original Article
Effects of the COVID-19 Pandemic on Operative Volume and Residency Training at Two
Academic Neurosurgery Centers in New Orleans
Mitchell D. Kilgore1, Tyler Scullen1,2, Mansour Mathkour1-3, Rishawn Dindial1, Christopher Carr1, Tyler Zeoli1,

Cassidy Werner1, Lora Kahn1,2, Cuong J. Bui1,2, Joseph R. Keen1,2, Christopher M. Maulucci1,2, Aaron S. Dumont1,2
-BACKGROUND: Medical subspecialties including
neurosurgery have seen a dramatic shift in operative vol-
ume in the wake of the coronavirus disease 2019 (COVID-
19) pandemic. The goal of this study was to quantify the
effects of the COVID-19 pandemic on operative volume at 2
academic neurosurgery centers in New Orleans, Louisiana,
USA from equivalent periods before and during the COVID-
19 pandemic.

-METHODS: A retrospective review was conducted
analyzing neurosurgical case records for 2 tertiary aca-
demic centers from March to June 2020 and March to June
2019. The records were reviewed for variables including
institution and physician coverage, operative volume by
month and year, cases per subspecialty, patient de-
mographics, mortality, and morbidity.

-RESULTS: Comparison of groups showed a 34% reduc-
tion in monthly neurosurgical volume per institution during
the pandemic compared with earlier time points, including
a 77% decrease during April 2020. There was no change in
mortality and morbidity across institutions during the
pandemic.

-CONCLUSIONS: The COVID-19 pandemic has had a sig-
nificant impact on neurosurgical practice and will likely
continue to have long-term effects on patients at a time
when global gross domestic products decrease and
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relative health expenditures increase. Clinicians must
anticipate and actively prepare for these impacts in the
future.
INTRODUCTION
ince its recognition in December 2019, coronavirus disease
2019 (COVID-19) has been confirmed in just less than 40
Smillion individuals and is responsible for more than 1

million deaths globally.1,2 The disease had spread to 214 countries
8 months after being declared a pandemic by the World Health
Organization.2 Before the emergence of COVID-19, the eco-
nomic impact of health care spending had become a recent major
point of discussion in the United States,3,4 with national health
expenditure percentage relative to gross domestic product (GDP)
projected to increase from 17.7% in 2018 to 19.9% in 2028.1 The
pandemic has put further strain on an already unfavorable trend,
with GDP decreasing globally as health expenditures increase,
with hospitals becoming increasingly populated with critically
ill, aged, and medically complex patients requiring emergent
procedures and extended stays for multidisciplinary care despite
disproportionate volume reductions in multiple medical
subspecialties.5,6 The pandemic has increased the complexity of
the medical insurance interfaces and reimbursement calculation,
resulting in increased numbers of out-of-pocket costs, particu-
larly for those with consumer-directed health plans.7
LOS: Extended length of hospital stay
RVU: Relative value unit
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Regarding neurosurgery, case volume and weekly work relative
value units (RVUs) have steeply declined, and populations have seen
disproportionate increases in critical patients requiring emergency
procedures secondary to both restrictions in elective cases and
unexpected neurologic sequelae of severe COVID-19.8-11 Rapid
shifts in hospital patient characteristic proportions fueled by sharp
increases in patients requiring multidisciplinary care in intensive
care units (ICUs) and emergent procedures along with cessation
and later restricted continuation of elective procedures put further
strain on the system, requiring resource and personnel reallocation,
and overnight flips in reimbursements garnered according to spe-
cialty. Facilities became dominated by a novel patient population
with demographics similar to those reported to be at risk of
extended length of hospital stay (LOS) beyond medical readiness for
discharge, with major repercussions on hospital finances.12-17

The pandemic has affected all forms of medical education,
requiring medical student, nursing, residency, and fellowship
programs to find alternative didactic measures to prevent indefi-
nite delays in education.15,18,19 Spanning 2 major tertiary academic
and comprehensive stroke centers in New Orleans, Louisiana, the
Tulane-Ochsner neurosurgical residency program has faced
similar challenges secondary to both social distancing restrictions
as well as logistical strain mounting on the individual departments
of each contributing institution.18,19 However, the effects of these
changes on patient outcomes and service productivity have yet to
be quantified. We report findings from a retrospective 2-center
series comparing neurosurgical patients treated from March to
June 2020 during as of yet height of the pandemic with patients
treated in the same period in the previous year in an attempt to
better characterize the effect of COVID-19 on operative volume,
resident training, and patients.
METHODS

Weekly operative neurosurgical volume at Ochsner Medical Center
and Tulane Medical Center in New Orleans, Louisiana was retro-
spectively analyzed for the period from March to June 2020
compared with the average for the same period in the prepan-
demic years 2017e2019. Further analysis was then performed for
this study period comparing 2019 with 2020, in which the records
of all identified patients were reviewed for demographics, char-
acteristics of performed procedures, resident involvement, indi-
vidual surgeon volume, and outcomes as defined by morbidity and
mortality. Procedures were categorized by subspecialty and Cur-
rent Procedural Terminology codes into subgroups including
craniotomy for trauma, craniotomy for tumor, endonasal approach
for tumor, craniotomy for vascular pathology, endovascular
treatment for vascular pathology, cerebrospinal fluid diversion,
functional and epilepsy surgery, pediatrics surgery (including both
cranial and spinal surgeries), stereotactic radiosurgery, spinal
surgery, and minor procedures, the last including diagnostic
digital subtraction angiography, ventriculostomy, lumbar punc-
ture, muscle biopsy, peripheral nerve, and wound washout.
Analysis regarding specific physicians and cases conducted was
excluded if the surgeon was not employed during the entirety of
both study periods. Outcomes changes in case rates, coverage
characteristics, and subspecialties, as well as morbidity and
mortality, were assessed. Univariate analysis was conducted via
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t tests for means, Fisher exact or c2 tests for proportions, and the
Mann-Whitney U test for LOS data. Statistical significance for all
tests was taken as a �0.05.

RESULTS

Prepandemic Operative Volume
For the prepandemic period of MarcheJune in 2017e2019, the
average combined institutional operative volume was 58 proced-
ures per week (range 53e66, Figure 1). Year-to-year variability
remained low, with monthly average operative volumes of 243.7
(standard error, �15.9) procedures in March, 259.3 (�11.5) in
April, 264.7 (�8.4) in May, and 240.3 (�8.1) in June.

Operative Volume, Outcomes, and Coverage
Combined mean cases per month were significantly increased in
the 2019 calendar period compared with 2020 (135 vs. 89 cases/
month; P ¼ 0.031). This trend was most pronounced in April,
which saw a 77% reduction in operative procedures from 282 in
2019 to just 64 in 2020 (Figure 1). Cases were conducted by 11 full-
time attending neurosurgeons active throughout the entire study
period; 4 physicians (2 who left after the 2019 study period and 2
who began working during the 2020 study period) were excluded
during subgroup analysis. All 4 excluded physicians worked at the
same facility with departing staff fellowship-trained in complex
minimally invasive spinal and peripheral neurosurgery and dual
cerebrovascular surgery and incoming faculty in dual cerebrovas-
cular and functional neurosurgery. Included physicians averaged
significantly higher case volume in the 2019 window compared with
that of 2020 (19.6 vs. 13.9 cases/month; P ¼ 0.0025; Table 1) with
again the most drastic discrepancy noted in April, which saw a
case reduction of 74% per attending in 2020 compared with 2019.
A combined 1079 cases (61.3%) were conducted during the 2019

study window, of which 20.1% (217/1079) went uncovered by a
neurosurgery resident compared with 11.7% (83/711) in that of
2020 (P < 0.0001; Table 1). In addition, further analysis showed
significant increased incidence of multiple residents scrubbing
the same case in the pandemic window versus that of 2019
(7.3%, 52/711 vs. 4.5%, 48/1079; P ¼ 0.0114) as well as single
resident coverage across the same windows from 75.4% (814/
1079) to 81.0% (575/711) (P ¼ 0.0064). No significant differences
were found in morbidity or mortality between groups.

Volume by Subspecialty
Subgroup analysis comprised 999 cases from the 2019 and 711
cases from the 2020 study windows (Figure 2). Nonsignificant
changes were noticed in multiple subspecialties, including
increases in pediatric and endonasal cases in 2020 and
decreases in craniotomies for tumor, minor procedures,
cerebrospinal fluid diversion, functional and epilepsy surgery,
open and endovascular vascular cases, spinal surgeries, and
radiosurgical procedures (Table 2). A significant relative increase
in cases designated craniotomy for trauma was noted in the
2020 study window compared with the 2019 period (13.7%, 98/
711 vs. 9.8%, 98/999; P ¼ 0.0125). Significant relative decreases
were noted with spinal surgery (41.0%, 410/999 vs. 34.3%, 244/
711; P ¼ 0.0050) and radiosurgery (3.1%, 31/999 vs. 1.5%, 11/711;
P ¼ 0.0344).
www.journals.elsevier.com/world-neurosurgery e69
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Figure 1. Average weekly combined operative
neurosurgical volume for Ochsner and Tulane Medical

Centers from March 1 to June 27 in prepandemic years
2017e2019.
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Patient Characteristics
Treated patients in both calendar periods average in the mid-50s
for age and were most often male. Regarding race, patients
were most often white, followed by black, in both study windows
Table 1. Operative Outcome and Coverage Characteristics

Variable

Service output

Procedures per institution per month, average (standard deviation)

Procedures per attending neurosurgeon per month, average (standard deviation)

Procedures not covered by a resident neurosurgeon, n (%)

Procedures covered by 1 resident neurosurgeon, n (%)

Procedures covered by �2 resident neurosurgeons, n (%)

Adverse outcomes

Mortalities, n (%)

Morbidities, n (%)

Normally distributed data compared with t tests and proportions compared with Fisher exact tes
*Significant difference with a ¼ 0.05.
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(Table 3). The most common comorbidities in both periods were
hypertension, current or former smoker, diabetes mellitus, and
dyslipidemia (Table 4). No significant differences were found in
LOS between study groups (Figure 3).
Year

P Value2019 2020

135 (55) 89 (49) 0.031*

19.6 (7.7) 13.9 (9.3) 0.0025*

217 (20.1) 83 (11.7) <0.0001*

814 (75.4) 576 (81.0) 0.0064*

48 (4.5) 52 (7.3) 0.0114*

23 (2.1) 15 (2.1) 1.0000

33 (3.1) 33 (4.6) 0.0954

ts.
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Figure 2. Breakdown of all combined procedures
performed at Ochsner and Tulane Medical Centers

from March to June 2019 and 2020 by procedure
category.
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DISCUSSION

The COVID-19 pandemic has had a direct primary impact on the
global economy, disrupting supply chains and trading routes,
increasing unemployment, and decreasing consumer spending to
cumulatively markedly decrease national GDPs.20-22 Secondary
Table 2. Distribution of All Combined Neurosurgical Procedures Perfo

Code

Number of

2019

Pediatric 6

Transsphenoidal for tumor 5

Craniotomy for trauma 98

Craniotomy for tumor 69

Miscellaneous 92

Cerebrospinal fluid diversion 89

Functional/pain/epilepsy 106

Craniotomy for vascular pathology 17

Endovascular for vascular pathology 76

Spine 410

Radiosurgery 31

Total 999

WORLD NEUROSURGERY 151: e68-e77, JULY 2021
impacts stemming from increased health care expenditures may
render this trend unsustainable without intervention.3-7 Reports
investigating potential inefficiencies in the logistics of patient care
as it pertains to neurosurgery before the advent of the pandemic
identified that patients discharged beyond perceived medical
rmed Based on Subspecialty from March to June 2019 and 2020

Cases by Year

Difference (% Difference)2020

20 14 (233)

14 9 (180)

98 0 (0)

57 �12 (�17)

75 �17 (�18)

63 �26 (�29)

70 �36 (�34)

11 �6 (�35)

48 �28 (�37)

244 �166 (�40)

11 �20 (�65)

711 �368 (�34)
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Table 3. Results of Demographic Analysis and Length of Stay From One Institution

Variable

Year

P Value2019 (N [ 270) 2020 (N [ 200)

Demographics

Age (years), average (standard deviation) 56.0 (15.7) 56.8 (15.1) 0.5832

Sex, n (%)

Male 109 (40.4) 93 (46.5) 0.1886

Female 161 (59.6) 107 (53.5) 0.1886

Race, n (%)

White 157 (58.1) 106 (53.0) 0.3014

Black 98 (36.3) 79 (39.5) 0.5012

Other/unspecified 15 (5.6) 15 (7.5) 0.4472

Number of comorbidities, n (%)

None 17 (6.3) 17 (8.5) 0.3735

�3 137 (50.7) 116 (58.0) 0.1345

�5 50 (18.5) 37 (18.5) 1.0000

Length of stay

Median (interquartile range) 6 (2e12) 5.5 (2e11) 0.5317

Patients with length of hospital stay >30 days, n (%) 9 (3.3) 14 (7.0) 0.0839

Normally distributed data compared with t tests, proportions compared with Fisher exact tests, and length of stay data compared with Mann-Whitney U test; significance determined with
a ¼ 0.05.
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readiness resulted in a significant economic impact to the health
care facility.16,17 Such patients were found to be insured via a
public plan and recipients of emergent interventions, hold
multiple systemic medical comorbidities, and require prolonged
ICU care and a discharge disposition to a specialized inpatient
facility.16,17 This patient population has a high degree of overlap
with critically ill patients requiring extended care associated with
the COVID-19 pandemic.17 Such patients often require emergent
procedures, many in the context of neurosurgical practice, with
prolonged ICU stays.18 These trends were evident in our study
as well, in which we noted significant proportional increases in
emergent procedures and decreases in spinal and radiosurgical
procedures, the latter of which have many elective patients.
Simultaneously, public health coverage was projected to
relatively increase, particularly with expansions in the Medicare
sector, and overall numbers of uninsured patients were expected
to increase before the pandemic.3 Hospital resource allocation
has put increasing importance on the maintenance of isolated
respiratory ICUs with staff and trainee reassignments as well as
in providing constant availability of appropriate personal
protective equipment in the wake of an increasingly limited
supply.7 Despite overall increases in health expenditures, the
pandemic has also drastically shifted proportional case volumes
according to specialty, with the biggest declines noted in
diseases often managed on an outpatient basis, further
e72 www.SCIENCEDIRECT.com WORLD NE
complicating the economic picture, particularly regarding
subspecialty fields such as neurosurgery.8,9
Effects on Neurosurgical Volume
Pertaining to our academic program, which spans 2 major tertiary
academic comprehensive stroke centers, we likewise noted a sig-
nificant reduction in total operative volume in the calendar period
straddling the outbreak of COVID-19 in Louisiana compared with
the equivalent period in the previous year. Such findings are
consistent with literature from other neurosurgical and clinical
neuroscience institutions within the same time frame.23,24 Elective
cases were prohibited outright at both institutions for the latter
part of March and the entirety of April during the pandemic,
and later time points saw the resumption of elective cases albeit
with decreased capacity given reallocation of operating room
availability to allow for a COVID-19edesignated room. Both
facilities saw decreases in the number of first start cases,
forcing elective procedures to follow one another, often leading
to cases being delayed until late at night, postponement thereby
rolling the volume burden over onto a following day or resulting
in outright cancellation. Many such cases were further delayed
to accommodate proportional increases in emergent procedures.
The trend reported has been likewise noted in previous studies,
citing drastic declines in RVUs.8,9
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.03.122
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Table 4. List of Comorbidities at One Institution Between March
and June for 2019 and 2020

Comorbidity

Number of Cases
by Year

2019 2020

Hypertension 162 117

Current or former smoker 75 85

Dyslipidemia 64 54

Diabetes mellitus 50 46

Previous neurosurgery 55 41

Previous cerebrovascular accident/stroke/
subarachnoid hemorrhage/intracerebral
hemorrhage

26 29

Thyroid disorder 26 20

Gastrointestinal disorder 26 15

Coronary artery disease 25 12

Depression/anxiety 20 16

Atrial fibrillation 19 14

Heart failure 18 13

Neuromusculoskeletal disorder 21 11

Non-CNS malignancy 16 14

Kidney disease 17 10

Chronic obstructive pulmonary disease 13 13

Substance abuse 9 13

Asthma 10 8

Seizure disorder 8 9

Hematologic disorder 7 9

CNS tumor/mass/abscess 9 5

Peripheral vascular disease 5 7

Nondepression/anxiety psychiatric disorder 7 3

Hepatitis C positive 5 5

Intravenous drug use 4 6

Non-CNS malignancy, known metastatic 5 4

Gout 5 4

Autoimmune disorder 6 3

Human immunodeficiency virus positive 6 1

Obstructive sleep apnea 3 3

Transient ischemic attack 3 3

Chiari malformation 6 0

Deep vein thrombosis 2 3

Dementia 2 3

Cardiac valvular disease/endocarditis/myopathy 4 1

Continues

Table 4. Continued

Comorbidity

Number of Cases
by Year

2019 2020

Previous myocardial infarction 3 2

Previous pulmonary embolism 2 2

Morbid obesity 2 2

Traumatic brain injury 1 2

Pacemaker 2 1

CNS, central nervous system.
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Accordingly, the greatest reduction in procedures performed
per institution occurred in April, which saw 1 week in which <10
procedures were performed across both our institutions com-
bined. This period corresponded with the time frame immediately
after the implementation of local shelter-in-place in Louisiana and
social distancing ordinances, which, in addition to a concurrently
imposed moratorium on many surgical procedures, may have
inadvertently deterred symptomatic individuals from seeking
neurosurgical treatment.14,23,25,26

As previously mentioned, the reduction in operative volume was
not distributed evenly among the procedures, with the most sig-
nificant decrease noted in spinal surgery. Spinal surgery represents
an economic staple for neurosurgery, being reported as the disease
condition with the highest rate of relative annual health expendi-
ture.3,4 Instrumented spinal fusions have a significant population of
elective procedures and have been increasingly performed, with
annual reimbursement steadily increasing before the emergence
of COVID-19.27-29 Speculatively, decreasing numbers of elective or
nonemergent spinal procedures, secondary to both imposed re-
strictions as well as decreased likelihood of patients presenting or
following up on an outpatient basis, provides a primary cause for
reported decreases in weekly RVUs. Decreasing spinal volume does
not only imply economic consequences, because it has been shown
that delays in surgery are strongly associated with increased
long-term mortality and morbidity,30-32 an effect shared among
several nonurgent operative neurosurgical diseases.33

Spinal and cranial surgeries in addition to operations for poly-
trauma have also declined during the pandemic, likely as an in-
direct result of the modified population behavior that has been
affected by recent social distancing restrictions, whereby in-
dividuals are at a relatively reduced risk of sustaining injuries that
necessitate these types of intervention compared with previous
years.34-36 Given that neither of our facilities are level 1 trauma
centers, the volume of complex neurosurgical trauma was steady
but relatively low compared with more specialized facilities.
Consistent with the American Council for Graduate Medical Ed-
ucation,37 all emergent cranial procedures, including
nontraumatic decompressive craniectomies and craniotomies for
intracranial hypertension brought on by hemorrhage or large
territory infarct were categorized in our report as “craniotomy
for trauma.” As previously described, many critically ill patients
www.journals.elsevier.com/world-neurosurgery e73
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Figure 3. Length of stay duration for operative
neurosurgical patients treated at Tulane Medical Center
from March to June 2019 and 2020. Box, interquartile

range; line, median; whiskers, 10th, 90th percentiles.
CSF, cerebrospinal fluid.
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with COVID-19 at both facilities correlated significantly with
emergent neurologic procedures, consistent with disease histories
and practice patterns described in previous reports.8,9,18

In addition, although we noted significant relative increases in
pediatric (2.8%, 20/711 vs. 0.6%, 6/999; P ¼ 0.0002) and endo-
nasal procedures (1.4%, 14/711 vs. 0.5%, 5/999; P ¼ 0.0489), there
were few cases coded in each of these categories for both periods.
Therefore, the perceived differences between years are likely to be
a reflection of small sample size or coding factors. Although it
remains to be seen how severe the true long-term disease burden
caused by pandemic-related surgical delays will be, we believe that
active anticipation of these effects will be essential in mitigating
their impacts on patients in the future.
Effects on Resident Education
Along with decreasing trends in operative volume, the COVID-19
pandemic has had a pronounced effect on resident and medical
student education, in some cases prompting temporary rear-
rangements in teaching structure secondary to shifts in available
procedures and increased personnel requirements in newly
developed respiratory ICUs.13,18 In an already changing training
environment with work hour restrictions and a shift in
treatment paradigms leading to changes in resident autonomy,
it is becoming more difficult for residents to achieve the
necessary practical case exposure that is needed to become
proficient to a degree that would otherwise necessitate further
fellowship training in many areas of subspecialization.38-40

Accentuated by the pandemic as evident in our findings by
increased numbers of double scrubbed cases, decreased resident
exposure to various techniques limits resident participation in
available cases, creating a restrictive feedback loop. The advent of
expensive simulation modalities for multiple areas of neurosurgery
holds promise in increasing technical knowledge so that trainees
may be more likely to rapidly gain manual skills when exposed to
live cases; however, there is no evidence that such devices may
replace or substitute live practice in resident education.41
e74 www.SCIENCEDIRECT.com WORLD NE
Furthermore, such systems are less likely to be purchased by
programs in a declining economy if not already secured.
Subspecialty training via fellowship will likely be increasingly

necessary to obtain the necessary skill sets for practice. This
speculated consequence is not necessarily deleterious, because,
with most pandemic-driven effects, it is simply an acceleration of
a preexisting eventuality, particularly for those seeking positions
in academia.42 The ever-increasing subspecialization of medicine
has made fellowship training a factor in job-market competitive-
ness regarding employment.43 More importantly, fellowships
themselves provide an invaluable aspect of training, a unique
period in which a trained participant can intensively study and
practice in an extremely complicated specialized field of their
desire. This period of intense subspecialty focus also provides
an opportunity for clinical apprenticeship in which they learn
first hand from the surgical experts of their field.38-43

The concerning challenge elicited by COVID-19 is how to ensure
that potential fellowship participants and those wishing to directly
enter practice are adequately pretrained. Recent survey findings
querying North American neurosurgical residents showed subjective
concerns of senior residents regarding educational experiences in
the COVID-19 era.44 Although whether or not their fears are valid
remains to be determined, it would be wise for educational
administrators to increase their priorities regarding operative
training, particularly for midlevel and senior residents who may
not see a full normalization in case volume until after graduation.
Lower-level residents will still be able to benefit from increased
proportional volumes in emergent cranial procedures given their
relative technical simplicity, assuming that they are not boxed out
because of increased demand for experience among their seniors.
However, it is also likely that situations will arise in which multiple
residents will be required to participate in a single procedure
concurrently for the sake of obtaining adequate operative experi-
ences per American Council for Graduate Medical Education re-
quirements, despite the fact that their direct participation will be
severely limited given the lack of a need for so many participants in
the procedure, and this may further affect resident education.
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.03.122
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Effect of Relative Hospital COVID-19 Censuses
Investigations into the differential impact secondary to regional
and interfacility discrepancies in COVID-19 burden may further
characterize the effect of the pandemic.8,9,24 Studies comparing
decreasing case volumes across academic institutions in separate
geographic regions in the United States showed substantial
decreases in volume from monthly averages in April 2020, likely
secondary to government restrictions that appeared in nearly all
states after the initial outbreaks.24 At this time, the response of
state governments in immediately imposing moderate practice
restrictions was felt by nearly all facilities in all states
simultaneously.
Because such actions were quickly determined to be economi-

cally unsustainable and, in many cases, transient, further in-
vestigations into lasting effects secondary to the prevalence of
COVID-19 infection in a given region are warranted. Further-
more, the infection rates noted in the early days of the COVID-19
outbreak in the United States were preemptively analyzed and not
illustrative of future trends in relative burden. For example, in the
first few months of the pandemic, Louisiana, and specifically New
Orleans, was considered a pandemic epicenter before being
overshadowed by increasing case numbers in multiple states.45

After national dissemination and an unstable equilibrium
brought on by long-term changes to attempt to control the
spread of the virus and enable a continued functional economy
and necessary services, Louisiana remains second in total cases
per capita.46 Therefore, it would be interesting to compare long-
term effects on relative case volume with regions with fewer
afflicted citizens. Furthermore, correlations with other aspects of
epidemiologic trends, such as new cases per day and remaining
proportions of naive vulnerable populations, would be of interest.

Patient Characteristics and Outcomes
Combined institutional analysis showed no significant differences
in periprocedural mortality or morbidity between periods in our
study, consistent with similar reports.8 Surprisingly, we also found
no significant differences in mean or proportional extended LOS,
potentially circumventing further financial strain.16,17 These results
provide reassurance that despite severe resource shortages and
reallocation of medical personnel, indicated patients were
adequately and safely treated with ostensibly no repercussions in
hospital logistics.
Concerning patient demographics, we found no differences in

the number of comorbidities per patient in 2020 compared with
2019. The most common comorbidities in both periods were hy-
pertension, diabetes mellitus, and dyslipidemia, conditions
increasingly associated with poor prognosis in COVID-19,47 which
was not reflected in our mortality and morbidity findings. Further
ongoing studies will help to clarify the continuously changing
WORLD NEUROSURGERY 151: e68-e77, JULY 2021
pattern of the COVID-19 pandemic as it relates to neurosurgical
practice.

Limitations
This study is limited by nature as a 2-center retrospective analysis
in which only in-hospital outcomes were assessed. As discussed
earlier, the impact of delayed or cancelled operative management
of progressive neurosurgical diseases such as cranial neoplasms
and elective or nonemergent spinal disease requires long-term
follow-up and analysis. The involved centers, Ochsner and
Tulane Medical Centers, are private academic institutions and
comprehensive stroke centers, and findings may not necessarily be
representative of other neurosurgery departments. Assessment of
the impact beyond institutional experience of the COVID-19
pandemic on operative volume, residency training, and patient
outcomes necessitates multicenter involvement.
CONCLUSIONS

We retrospectively characterize impacts of the COVID-19
pandemic in the initial months of the 2020 outbreak compared
with the same calendar period in prepandemic times on our
neurosurgical residency program in New Orleans, Louisiana. We
report significant reductions in operative case volume, with sig-
nificant impact on residency training. In addition, we report no
changes in patient morbidity and mortality; however, the delay or
postponement of elective neurosurgical cases may put affected
patients at increased risk of long-term complications. Because the
impact on health expenditure trends by the pandemic in the
United States is economically unsustainable, further investigations
into various aspects of changes and challenges and how they are
countered in academic centers is of vital importance.
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