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Abstract
Study Design: Cross-sectional observational cohort study.

Objective: To investigate preparation, response, and economic impact of COVID-19 on private, public, academic, and priva-
demic spine surgeons.

Methods: AO Spine COVID-19 and Spine Surgeon Global Impact Survey includes domains on surgeon demographics, location of
practice, type of practice, COVID-19 perceptions, institutional preparedness and response, personal and practice impact, and
future perceptions. The survey was distributed by AO Spine via email to members (n = 3805). Univariate and multivariate analyses
were performed to identify differences between practice settings.

Results: A total of 902 surgeons completed the survey. In all, 45.4% of respondents worked in an academic setting, 22.9% in
privademics, 16.1% in private practice, and 15.6% in public hospitals. Academic practice setting was independently associated with
performing elective and emergent spine surgeries at the time of survey distribution. A majority of surgeons reported a >75%
decrease in case volume. Private practice and privademic surgeons reported losing income at a higher rate compared with
academic or public surgeons. Practice setting was associated with personal protective equipment availability and economic issues
as a source of stress.

Conclusions: The current study indicates that practice setting affected both preparedness and response to COVID-19. Surgeons in
private and privademic practices reported increased worry about the economic implications of the current crisis compared with
surgeons in academic and public hospitals. COVID-19 decreased overall clinical productivity, revenue, and income. Government
response to the current pandemic and preparation for future pandemics needs to be adaptable to surgeons in all practice settings.
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Introduction

The COVID-19 pandemic has swiftly become the defining
global health crisis of our time.'™ Patients infected with
COVID-19 have placed a colossal strain on health care systems
and medical practices across the world.* Epidemiologic models
forecast ongoing demands on hospital resources and staff
across the world.”® Fulfilling these demands in severely
affected regions has proven daunting for many health care
systems.9 To ensure appropriate availability of health care
resources, most governments and hospitals enacted policies
leading to restrictions on clinical activities, postponement of
all elective surgeries, and reductions in staffing.'® The future
impact of these government, local, and hospital policies
remains relatively unknown.

With low back pain ranking as the most disabling condition
worldwide and neck-related issues ranked as the fourth leading
cause of disability globally, there is a major demand for spine
providers.'""'? A recent study by Louie et al'* emphasized, in
over 900 spine surgeons worldwide, that COVID-19 had exten-
sive clinical, personal, and financial impacts; however, such
impact varied. However, it remains unknown whether the prac-
tice setting played a role in preparedness, response, and eco-
nomic impact. Previous studies have focused on the effect of
COVID-19 on emergency room, critical care, and internal med-
icine specialties.“"15 Nonetheless, the impact of preparedness
on subspecialty spine surgery remains a topic that has not been
well elucidated.'®'?-1¢-!7

The COVID-19 pandemic comes amid a period of change in
health care economics.'®'? Over the past decade, the United
States has seen a precipitous decline in physician private prac-
tice, from 62% in 2008 to 35% in 2014.%° Coinciding with the
shift in practice types, is the transition away from fee-for-
service reimbursement toward alternative payment models.*'**
In an era of increased financial stress on surgeons and health
systems, the COVID-19 pandemic has the potential to expo-
nentiate the problem.

With the drastic reduction in elective surgeries and in-person
clinic visits occurring during COVID-19-related shutdowns,
surgeons who rely on clinical productivity as a major source
of revenue may see a reduction in income. The American Med-
ical Association issued guidance on how private medical prac-
tices could adapt to the financial and logistical stresses of this
global pandemic.”® However, what is not known, is how spine
surgeons in various practice settings prepared for, and
responded to, COVID-19. The current study addresses the per-
ceived preparation of private, public, academic, and privademic
spine surgeons for COVID-19. This study also defines the var-
ied responses experienced by these providers and outlines the
potential economic implications for spine surgeons worldwide.

Methods

Study Design

The AO Spine COVID-19 and Spine Surgeon Global Impact
Survey was developed by an international working group of

spine surgeons, epidemiologists and surgical trainees who are
experts in spinal disorders. Question selection was based on a
Delphi methodology”**° to achieve consensus through numer-
ous rounds of review. Domains of the survey included surgeon
demographics, location of practice, type of practice, COVID-
19 perceptions, institutional preparedness and response, per-
sonal and practice impact, and future perceptions. Specific
demographics obtained include age, gender, country of prac-
tice, region of practice, population of city of practice, specialty,
fellowship experience, year in practice, and practice type. For
the purpose of this study, practice type was either private,
academic, privademic, or public. Privademic refers to a hybrid
practice model whereby physicians work within a private prac-
tice at an academic institution enabling them to contribute to
high-quality literature, discoveries, and innovation.

Survey Distribution

The 73-item, English language survey was distributed via
email to the AO Spine membership who previously agreed to
receive surveys for research purposes (n = 3805). AO Spine
provided the largest available international network of spine
surgeons (www.aospine.org). The survey recipients were asked
to complete the questionnaire during a predefined 9-day period
(March 27, 2020 to April 4, 2020). Respondents were informed
that their participation was voluntary, that they could end their
participation at any time, and that all data would be kept con-
fidential. Participants were informed that findings from the
study would be disseminated in peer-reviewed journals, web-
sites, and social media.

Statistical Analyses

All statistical analyses were performed with SAS (SAS Insti-
tute). Graphical representation of survey responses was per-
formed using Excel (Microsoft Inc). Percentages and means
were made for count data and rank-order questions, respec-
tively. All means were presented with standard deviations
(mean + standard deviation). Respondents were not required
to answer all questions, thus, the number of responses for each
question varies. Statistical analyses were performed to assess
significant differences in count data using a combination of
Fisher’s exact and chi-square tests, where applicable. For vari-
ables with significance on 4-way chi-square tests, post hoc 2-
way chi-square was performed for direct comparison between
groups. Differences in continuous variables between groups
were assessed using analysis of variance (ANOVA).

A nominal multivariate regression analysis was performed
to control for baseline demographic differences between the
groups (gender, home city population, region, fellowship train-
ing, and practice breakdown). Outcome variables with P <.200
on univariate analysis were assessed in the multivariate model.
Variables with dichotomous categorical outcomes are pre-
sented as odds ratios (ORs) and 95% confidence intervals (Cls)
were also noted. An OR > 1 indicated increased occurrence of
outcome. An OR < 1 indicated decreased occurrence of
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Figure I. Distribution of survey responses by country. World map depicting number of survey responses received internationally. Color-filled
countries indicate at least one survey was received. Green = Under |0 surveys received. Teal = | | to 25. Red = 26 to 50. Orange = 51 to 100.

Dark blue = Over 100. Light blue = No surveys received.

outcome. Variables with numerous categorical outcomes were
presented as likelihood ratios (LRs). The threshold for statisti-
cal significance for all tests was P < .05.

Results

Overall, 902 spine surgeons from 91 countries completed the
survey representing all 7 predefined global regions (Africa,
Asia, Australia, Europe, the Middle East, North America, and
South America/Latin America) (Figure 1). However, only 892
surgeons provided information on their practice setting and
were included in the final analysis. Most surgeons were from
Europe (242/881; 27.5%), followed by Asia (213/881; 24.2%)
and North America (152/881; 17.3%). By country, the most
survey responses were from the United States (128/902;
14.2%), China (73/902; 8.1%), and Egypt (66/902; 7.3%).
The majority of respondents were male (826/881; 93.8%),
ranging in age from 35 to 44 years (344/895; 38.4%), and
orthopedic surgeons by residency training (637/902; 70.6%).
When stratified by practice type, most surgeons reported work-
ing in an academic setting (405/892; 45.4%), followed by pri-
vademics (204/892; 22.9%), private practice (144/892; 16.1%),
or public hospitals (139/892; 15.6%) (Table 1). There were
baseline differences in demographics between practice settings
(Table 1). Gender (P = .0013), home city population (P <
.0001), region (P <.0001), fellowship training (P = .0039), and

practice breakdown (ie, research, clinical, teaching) (P = .0003,
P = .011, P = .0009, respectively) varied by practice setting.

There were no differences in access to COVID testing by
practice setting (p = 0.42), with 82.9% of respondents report-
ing adequate access (Table 2; Figure 2a). Surgeons reported
having adequate personal protective equipment (PPE) at a rate
of 49.6%; there was significant variation in PPE availability by
practice setting (P = .0002) (Table 2). Comparison between
surgeons at academic versus public hospitals revealed a signif-
icant difference in the availability of adequate PPE (217/379;
57.6% vs 51/123; 41.5%, P = .0023) (Figure 2b). On multi-
variate analysis, surgeons in academic practice were more
likely to have adequate PPE compared to surgeon in priva-
demic practice (OR 1.72, 95% CI 1.16-2.56, P = .0086)
(Table 3). There was significant variation in the availability
of N-95 masks (P = .018), face shields (P < .0001), gowns
(P = .001), and full-face respirators (P = .0007) between the
various practice settings (Table 2). On multivariate analysis,
practice setting was independently associated with these varia-
tions in PPE (Table 3). On univariate analysis, there was sig-
nificant variation in availability of ventilators (P = .0024) with
47.2% of surgeons at academic hospitals reporting adequate
access to ventilators. On multivariate analysis, academic prac-
tice setting was independently associated with better ventilator
supply compared to privademic practice (OR 1.59, 95% CI
1.04-2.38, P = .031) (Table 3).
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Table I. Respondent Demographics by Practice Setting.”

Academic Privademic Private Public
(n = 405), n (%) (n =204), n (%) (n = 144), n (%) (n=139), n (%) P
Age (years) n = 405 n =203 n= 144 n=139 .25
25-34 66 (16.3) 27 (13.3) 18 (12.5) 19 (13.7)
35-44 133 (32.8) 91 (44.8) 57 (39.6) 61 (43.9)
45-54 120 (29.6) 47 (23.2) 39 (27.1) 37 (26.6)
55-64 75 (18.5) 34 (16.7) 23 (16) 18 (12.9)
65+ I (2.7) 4 (2.0) 7 (4.9) 4 (2.9)
Male sex 372 (91.9) 196 (96.1) 137 (95.1) 117 (84.2) .0013
Estimated home city population n =403 n =203 n=144 n=139 <.0001
<100000 14 (3.5) 3 (1.5) 6 (4.2) 22 (15.8)
100 000-500 000 79 (19.6) 33 (16.3) 30 (20.8) 43 (30.9)
500000-1 000000 71 (17.6) 29 (14.3) 21 (14.6) 15 (10.8)
1 000 000-2 000000 54 (13.4) 47 (23.2) 23 (16) 20 (14.4)
>2000000 185 (45.9) 91 (44.8) 64 (44.4) 39 (28.1)
Geographic region n = 400 n=198 n=142 n=137 <.0001
Africa 20 (5.0) 13 (6.6) 7 (4.9) 4 (2.9)
Asia 127 (31.8) 29 (14.6) 26 (18.3) 30 (21.9)
Australia 1 (0.3) 4 (2.0 1 (0.7) 2 (1.5)
Europe 115 (28.9) 47 (23.7) 20 (14.1) 59 (43.1)
Middle east 23 (5.8) 28 (14.1) 15 (10.6) 11 (8.0)
North America 91 (22.8) 23 (11.6) 30 (21.1) 7 (5.1)
South/Latin America 23 (5.8) 54 (27.3) 43 (30.3) 24 (17.5)
Specialty n =401 n =202 n= 140 n=138 .63
Neurosurgery 100 (24.9) 55 (27.2) 41 (29.3) 36 (26.1)
Orthopedics 294 (73.3) 145 (71.8) 97 (69.3) 99 (71.7)
Pediatric surgery 0 (0) 1 (0.5) 1 (0.7) 0 (0)
Trauma 7(1.7) 1 (0.5) 1 (0.7) 3(22)
Fellowship trained 282 (69.3) 158 (77.5) 112 (77.8) 86 (61.9) .0039
Years since training completion n =279 n=158 n=109 n=284 23
<5 64 (22.9) 38 (24.1) 33 (30.3) 4 (28.6)
5-10 53 (19) 41 (26) 24 (22) 19 (22.6)
10-15 53 (19) 25 (15.8) 13 (11.9) 13 (15.5)
15-20 63 (22.6) 19 (12) 20 (18.4) 15 (17.9)
>20 46 (16.5) 35 (22.2) 19 (17.4) 13 (15.5)
Percent research n = 404 n =204 n= 143 n=138 .0003
0%-25% 306 (75.7) 167 (81.9) 129 (90.2) 126 (91.3)
26%-50% 78 (19.3) 29 (14.2) 13 (9.1 8(5.8)
51%-75% 10 (2.5) 6 (2.9) 1 (0.7) 4 (2.9)
76%-100% 10 (2.5) 2(1) 0 (0) 0 (0)
Percent clinical n = 404 n =204 n= 143 n=139 oIl
0%-25% 13(3.2) 3(1.5) 4 (2.8) 2 (1.4)
26%-50% 47 (11.6) 19 (9.3) 10 (7) 10 (7.2)
51%-75% 96 (23.8) 53 (26) 16 (11.2) 29 (20.9)
76%-100% 248 (61.4) 129 (63.2) 113 (79) 98 (70.5)
Percent teaching n = 404 n =203 n= 143 n=138 .0009
0%-25% 292 (72.3) 135 (66.5) 124 (86.7) 114 (82.6)
26%-50% 70 (17.2) 49 (24.1) 15 (10.5) 17 (12.3)
51%-75% 28 (6.9) 14 (6.9) 2(1.4) 6 (4.4)
76%-100% 14 (3.5) 5(2.5) 2 (1.4) 1 (0.7)

?Demographic data presented as number of respondents (n) and percent of total respondents for specific question (%). For privacy reasons, respondents were not

required to answer all demographic questions.

There were no differences in the rate of COVID-19 diagno-
sis (P = .53) or quarantine (P = .16) among surgeons by
practice setting. Surgeons in various practice settings did not
report a significant difference in the rate of performing medical
duties outside their normal scope (P = .19). There was signif-
icant variation in the presence of formal hospital guidelines for

pandemic response on univariate analysis (P = .0048) with
surgeons at academic institutions reporting the presence of
hospital guidelines at a greater rate than private practice sur-
geons (227/405; 66.8% vs 60/144; 50.9%, P = .0021).
Respondents overall reported a moderate to high level of
concern regarding the COVID-19 outbreak, with a mean score
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Table 2. COVID-19 Preparedness by Practice Setting.
Academic, n (%) Privademic, n (%) Private, n (%) Public, n (%) P

Access to COVID testing 326 (85.1) 158 (79.8) 112 (81.8) 101 (82.1) 42
Formal hospital guidelines 227 (66.8) 103 (58.9) 60 (50.9) 60 (53.1) .0048
Adequate PPE 217 (57.3) 77 (39.5) 66 (48.5) 51 (41.5) .0002
Forms of PPE

N-95 mask 226 (55.8) 91 (44.6) 63 (43.8) 68 (48.9) 0l8

Surgical mask 344 (84.9) 169 (82.8) 113 (78.5) 108 (77.7) .15

Face shield 223 (55.1) 72 (35.3) 54 (37.5) 63 (45.3) <.0001

Gown 249 (61.5) 107 (52.5) 63 (43.8) 69 (49.6) .001

Full-face respirator 6l (15.1) I (5.4) 12 (8.3) 10 (7.2) .0007
Adequate ventilators 180 (47.2) 61 (31.3) 53 (39.6) 46 (37.7) .0024
Abbreviation: PPE, personal protective equipment.
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Figure 2. COVID-19 Preparedness by Practice Setting. (a) Bar graph comparing access to COVID-19 testing stratified by practice setting. (b)
Bar graph comparing access to adequate personal protective equipment (PPE) stratified by practice setting.

of 3.7 + 1.2 on a scale of 1 to 5. On univariate analysis, there
was significant variation between respondents from various
practice settings (P = .019) (Table 4). Respondents from priva-
demic practices reported higher mean worry compared to those
at academic institutions (3.9 + 1.1vs 3.6 + 1.2, P=.013) and
surgeons from academic institutions reported lower overall
mean worry compared with all other respondents (3.6 + 1.2
vs 3.83 + 1.1, P =.0025). Multivariate analysis did not reveal
practice setting to be independently associated with mean
worry (P > .05) (Table 3).

Economic issues (P <.0001) and ability to treat COVID-19
patients (P < .0001) as sources of stress differed by practice
setting (Table 4). On multivariate analysis, respondents from
private practice settings were 2.04 times more likely to report
economic issues as a source of stress compared with academic
surgeons (OR 2.04, 95% CT 1.33-3.13, P = .0011) and 2.47
times as likely compared with surgeons at public hospitals (OR
2.47, 95% CI 1.47-4.16). Surgeons at private hospitals were
independently less likely to report concern regarding their hos-
pital’s ability to treat COVID-19 patients compared with the

public hospitals (OR 0.41, 95% CI 0.24-0.71, P = .0014)
(Table 3).

Respondents reported differences in their hospital-mandated
limitations on travels (P < .0001), cancellation of educational
activities (P = .0018), and work-from-home orders (P = .004)
(Table 4). There was no variation in the cancellation of elective
surgeries by practice setting (P = .43) (Figure 3). Overall,
59.2% of respondents reported that their hospital’s response
to COVID-19 was “acceptable.” This had significant variation
by practice setting with 67.7% (241/405) of respondents in
academic institutions reporting an “acceptable” response com-
pared with 55.8% (234/419) of respondents from other practice
settings (P = .0044).

Respondents endorsed various economic impacts by prac-
tice setting (Table 5). Surgeons reported variations in perfor-
mance of elective (P = .0011) and emergent spine surgeries (P
= .0001) by practice setting (Figure 4a). On univariate analy-
sis, private and privademic surgeons were performing elective
spine surgeries at a lower rate compared with surgeons in aca-
demic or public hospitals (39/348; 11.2% vs 109/544; 20.0%,
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Table 4. COVID-19 Impact and Response by Practice Setting.

Academic, n (%) Privademic, n (%) Private, n (%) Public, n (%) P

Diagnosed with COVID-19
Personally quarantined
Performed medical duties outside of normal scope
Mean worry (I = not worried at all to 5 = very worried), mean + SD
3 greatest stressors
Personal health
Family health
Community health
Hospital ability to treat COVID-19 positive patients
Timeline to resume regular clinic work
Government/leadership
Return to nonessential activities
Economic issues
Hospital restrictions
Quarantine on return from international travel
Limitations on domestic travel
Cancellation of all education activities
Nonessential staff to work from home
Cancellation of hospital meetings
Cancellation of elective surgeries
Satisfaction with hospital response
Appears in disarray/disorganized
Taken some action but not enough
Acceptable/appropriate
Actions are excessive and unnecessary

4(1) 3 (1.5) 0 (0) 2(1.6) .53
81 (21.3) 53 (26.8) 35(257) 21 (17.1) .16
92 (24.9) 39 (20.9) 21 (165)  30(259) .19
36 + 12 39 + I 38+ 1.1 38+ 1.1 019
161 (39.8) 86 (42.2) 52(36.1)  57(4l) 71
287 (70.9) 153 (75) 101 (70.1) 95 (684) .55
160 (39.5) 97 (47.6) 61 (424) 51 (367) .17
170 (42) 73 (5.8) 37 (25.7) 70 (504) 000!
170 (42) 92 (45.1) 66 (45.8) 49 (35.3) 24
75 (18.5) 28 (13.7) 26 (18.1)  25(I18) .48
59 (14.6) 19 (9.3) 21 (146)  16(115) 27
148 (36.5) 106 (52) 82 (56.9) 47 (33.8) <.000I
244 (60.3) 112 (54.9) 71 (493) 77 (554) .13
260 (64.2) 98 (48) 56 (389) 66 (47.5) <.000I
328 (81) 162 (79.4) 97 (674)  98(70.5)  .00I8
270 (66.7) 132 (64.7) 74 (514) 78 (56.1)  .004
311 (76.8) 159 (77.9) 101 (70.1) 99 (712) 21
320 (79) 170 (83.3) 110 (76.4) 110 (79.1) .43

0046
241 (67.7) 94 (51.7) 79 (648) 6l (53)

9 (2.5) 2(1.1) 4(33) 2 (1.7)

24 (6.7) 20 (I1) 8 (6.6) 16 (13.9)

82 (23) 66 (36.3) 31 (254) 36 (31.3)

P = .006). On multivariate analysis, surgeons in academic
practice were 2.32 times more likely to report performing elec-
tive surgeries (OR 2.32, 95% CI 1.17-4.6, P = .016) and 3.06
times more likely to report performing emergent surgeries (OR
3.06, 95% CI 1.58-5.94, P = .0009) compared with private
practice surgeons (Table 3). Surgeons reported variation in the
decrease in case volume by practice setting (P = .0006). Pri-
vate and privademic surgeons reported a >75% decrease in case
volume at a higher rate compared with academic or public
surgeons (233/348; 66.9% vs 304/544; 55.9%, P = .0010).

Impact on income (P < .0001), personal revenue (P <
.0001), and hospital revenue (P < .0001) also varied signifi-
cantly between practice settings (Table 5). In total, 62.8% (76/
144) of private practice surgeons and 53.7% (95/204) of priva-
demic surgeons reported losing income due to COVID-19
(Figure 4b). Surgeons from private or privademic practice set-
tings were 2.9 times more likely to report losing income com-
pared with surgeons at academic or public institutions (OR 2.9,
95% CI 2.18-3.83, P < .0001). On multivariate analysis, prac-
tice setting was independently associated with impact on
income (LR 51.3, P < .0001), loss of personal revenue (LR
83.3, P < .0001), and impact on hospital revenue (LR 43.8,
P <.0001). The long-term effects of COVID-19 also differed
by practice setting (Table 6).

Discussion

COVID-19 is a defining global health crisis for the current
generation of spine surgeons. In a cohort of 900 spine surgeons

around the globe, Louie et al'? highlighted that COVID-19 had
a sizeable impact on their patient care, practice, and personal
lives; however, the impact was nuanced. Understanding the
variations in COVID-19 preparation, response, and economic
impact will help mitigate the effect of future crises on the spine
community.

The COVID-19 pandemic comes amid a period of change in
healthcare economics.'®!'? Over the past decade, the United
States has seen a precipitous decline in physician private prac-
tice, likely driven by health care policy that operates on the
theory that large health care organizations are more data dri-
ven, more efficient, and more effective than their small,
private-practice counterparts.® Our study presents critical data
on the variation in preparation, response, and financial impact
of COVID-19 on spine surgeons around the world primarily
based on the practice setting.

Preparedness by Practice Type

The World Health Organization (WHO) and the global health
community made pandemic preparedness one of their main
missions,”?® and research on pandemic preparedness is abun-
dant.”?°>! However, it remains unknown how surgeons in var-
ious practice settings interpret these guidelines and prepare for
global health crises.

Limitations in access and availability of testing have been
cited as a major shortcoming in the media.>**> Our results
indicate that access to testing is no longer a major limitation
for surgeons, with over 82% of surgeons reporting access to a
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Figure 3. Radar chart depictions of current COVID-19 hospital policies by practice setting. Six-sided (hexagon) radar charts visually depicting
cumulative percentage of responses verifying the enactment of a given COVID-19 hospital policy at the time of survey distribution. Queried
policies are listed at the vertex of a given figure, whereby points falling on a vertex of the innermost pentagon correspond to a cumulative total of
0% of survey responses received. Each subsequent pentagon corresponds to a 20% increase in responses for a given category. *Indicates

difference significant at the 95% confidence level (P < .05).

COVID-19 test. Furthermore, there were no differences in
testing availability reported by surgeons at academic, priva-
demic, private, or public institutions. While the overall avail-
ability of testing for surgeons is encouraging, prior studies
reported that health care workers have accounted for any-
where between 10% and 30% of total positive COVID-19
tests in various regions.***> Surgeons in all practice settings
need to improve testing availability and guarantee testing is
accessible for their staff and patients before a return to normal
operations.

Unsurprisingly, practice setting was independently associ-
ated with the availability of personal protective equipment.
Across all practice settings, access to personal protective
equipment was concerningly low, at 49%. The media in the
United States and across the world has highlighted the critical
lack of PPE that frontline health care workers faced in the early
days of the COVID-19 outbreak.”®*3® Our results indicate
that public and privademic hospitals face worse PPE shortages

than academic medical centers. The issues with PPE availabil-
ity for public hospitals are likely driven by public safety-net
hospitals in the United States, where resource and funding
shortages were well established before COVID-19.%*%° Further
research is needed to elucidate the reason for PPE shortages
among privademic practices.

Along with PPE shortages, physicians faced the possibility
of difficult decisions surrounding allocation of ventilators,*'-**
and operating room anesthesia machines were reallocated to
intensive care units, closing operating rooms for surgeon use.*
A disturbingly low 41% of respondents reported adequate ven-
tilator supplies during the COVID-19 pandemic. While there
was a significant difference in ventilator availability on uni-
variate analysis, this was likely confounded by regional differ-
ences, as only privademic practice setting was independently
associated with ventilator availability on multivariate analysis.
Once again, further research into the shortcomings of priva-
demic practice preparedness is needed.
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Table 5. Economic Impact of COVID-19 by Practice Setting.
Academic, n (%) Privademic, n (%) Private, n (%) Public, n (%) P
Performing elective spine cases 89 (24.2) 25 (13.2) 14 (11.2) 20 (17) .0011
Performing essential/emergent spine cases 342 (92.9) 162 (85.7) 101 (80.8) 94 (80.3) .0001
Decrease in case volume .0095
<25% 40 (10.8) 10 (5.3) 12 (9.6) 10 (8.6)
26%-50% 40 (10.8) 12 (6.3) 8 (6.4) 18 (15.5)
51%-75% 65 (17.6) 32 (16.8) 8 (6.4) 18 (15.5)
>75% 224 (60.7) 136 (71.6) 97 (77.6) 80 (69)
Time spent performing clinical duties 31
Increased 19 (5.1) 14 (7.4) 6 (4.8) 7 (6)
Stayed the same 44 (11.9) 15 (18.1) 8 (6.4) 16 (13.8)
Decreased 307 (83) 161 (84.7) 111 (88.8) 93 (80.2)
Impact on income <.0001
Planned reduction—on salary 63 (18.2) 39 (22) 18 (14.9) 18 (15.7)
No impact—on salary I51 (43.6) 32 (18.1) 15 (12.4) 45 (39.1)
Planned reduction—productivity-based income 30 (8.7) 10 (5.7) I (9.1) 13 (11.3)
No impact—productivity-based income 5 (1.5) | (0.6) | (0.8) 0 (0)
Losing income 97 (28) 95 (53.7) 76 (62.8) 39 (33.9)
Impact on personal revenue <.0001
<25% 141 (41) 24 (13.6) 12 (9.8) 42 (37.2)
26%-50% 108 (31.4) 53 (29.9) 28 (23) 37 (32.7)
51%-75% 6l (17.7) 39 (22) 25 (20.5) 17 (15)
>75% 34 (9.9) 61 (34.5) 57 (46.7) 17 (15)
Impact on hospital revenue <.0001
<25% 93 (26.9) 29 (16.4) 9 (7.6) 38 (33.6)
26%-50% 96 (27.8) 53 (29.9) 19 (16) 31 (27.4)
51%-75% 100 (28.9) 39 (22) 40 (33.6) 26 (23)
>75% 57 (16.5) 56 (31.6) 51 (42.9) 18 (15.9)
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Figure 4. COVID-9 economic impact by practice setting. (a) Bar graph comparing performance of elective and emergent spine case during the
COVID-19 pandemic stratified by practice setting. (b) Bar graph comparing self-reported impact on surgeon income stratified by practice

setting.

Despite numerous health departments across of the world
recommending formal institutional guidelines for pandemic
preparedness,***® an unexpectedly low 60% of respondents
reported guidelines in place at their institutions prior to
COVID-19. We postulate that countries with prior infectious
disease epidemics likely had guidelines in place or were
quick to adopt formal guidelines while countries with little

infectious disease experience were slow to respond. Also,
surgeons in academic institutions reported formal guidelines
at a greater rate than private practice surgeons; however,
practice setting alone was not associated with the presence
of guidelines. Future guidelines for crisis preparedness need
to be applicable and adaptable to all practice settings to max-
imize adoption.
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Table 6. Long-Term Impacts of COVID-19 by Practice Setting.

Academic, n (%)

Privademic, n (%) Private, n (%) Public, n (%) P

Impact on patient care in | year

No change 60 (14.8) 21 (10.3) 20 (13.9) 31 (22.3) .022
Heightened awareness of hygiene 203 (50.1) 116 (58.9) 65 (45.1) 51 (38.7) .0023
Will increase use of PPE 154 (38) 97 (47.6) 45 (31.3) 48 (34.5) 0lI1
Ask patient to reschedule if they feel sick 128 (31.6) 67 (32.8) 45 (31.3) 45 (334) .99
Pursue increased nonoperative measures prior to surgery 68 (16.8) 40 (19.6) 18 (12.5) 24 (17.3) 038
Growth in digital options for communication 153 (37.8) 76 (37.3) 39 (27.1) 45 (32.4) N
Likelihood to attend conference in | year 33
Likely 215 (63.2) 119 (68) 85 (71.4) 76 (67.9)
Unsure 101 (29.7) 46 (26.3) 26 (21.9) 24 (21.4)
Not likely 24 (7.1) 10 (5.7) 8 (6.7) 12 (10.7)
Need for formal guidelines 320 (97.9) 168 (100) 114 (99) 106 (100)

Abbreviation: PPE, personal protective equipment.

COVID-19 Response by Practice Type

As COVID-19 continued to spread despite numerous interven-
tions, there were a variety of responses to the growing threat.
Many of the variations in response have been attributed to geo-
political differences between nations around the world.*’->!
However, our results indicate that independent of global region,
spine surgeons in different practice types experienced distinc-
tive responses to COVID-19.

Surgeons in practice settings more reliant on clinical pro-
ductivity for income (eg, private practice, privademic practice)
were more worried about the impact of COVID-19. This likely
stemmed from private and privademic surgeons increased
stress around economic issues. The high level of stress among
surgeons at public hospitals likely stems from their concerns
about resource availability and ability to adequately care for
COVID-19 patients.

Based on our survey results, academic institutions appeared
to respond more robustly to COVID-19 compared with private,
privademic, and public institutions. Academic respondents
reported more domestic travels bans, cancellation of educational
activities, and more work-from-home orders compared with
surgeons at private, privademic, and public institutions. Overall,
a disappointing 61.4% of respondents rated their hospital
responses as “acceptable,” while 27.7% rate their hospital’s
action as “not enough.” Surgeons in academic institutions were
satisfied at a higher rate compared to other practice settings.

These large academic institutions tend to have the infra-
structure and human resources in place to respond to new
guidelines. Smaller private practices and privademic institu-
tions operate with less ancillary staff and possibly lack the
resources to develop comprehensive response plans that can
be quickly disseminated to their staff. This presents an oppor-
tunity for leadership in the spine community to develop crisis
guidelines that are easily adaptable to all practice settings. A
comprehensive preparedness and response plan could be devel-
oped that applies to all practice settings with more individua-
lized plans then developed for each practice setting to
specifically address unique concerns by practice type. Given

the enormous public health impact of COVID-19, a multidis-
ciplinary effort is needed to develop these guidelines to mini-
mize the impact of future outbreaks.

Economic Impact by Practice Type

COVID-19 occurred during a period of major changes in health-
care economics. Alongside the swift shift in practice types, is
the transition away from fee-for-service reimbursement toward
alternative payment models.>"** These models were designed
to shift financial risk from insurers to providers in an attempt to
improve quality and outcomes.>*>* However, these models still
require clinical productivity to generate revenue.

Prior research across numerous specialties has compared the
compensation of surgeons in academic practices versus private
practices.'”3*>3 Private practice surgeons tend to be compen-
sated based on clinical productivity, and tend to have higher
overall income.'>** Academic surgeons tend to have inputs
into their income, including base salary, clinical productivity,
and academic productivity.’® Surgeons at public or
government-run hospitals tend to be salaried employees.’’
Therefore, providers in various practice settings have differing
incentives on clinical productivity.

Despite the guidance issued by professional societies and
spine leadership, our survey indicates that a small percent of
surgeons continued to perform elective spine surgeries
throughout the pandemic.'®'®>® However, contrary to what
we predicted, private and privademic surgeons performed elec-
tive spine surgeries at a lower rate compared with surgeons in
academic or public hospitals. Thus, despite increased monetary
incentive to continue elective surgeries, private and privademic
surgeons heeded the governmental recommendations and
stopped operating during the pandemic. We postulate that per-
haps the greater resource availability and multidisciplinary
approach of academic and public hospitals allowed them to
continue some elective cases at a greater rate. Because of the
fact that private practice models exist only in some countries, it
is also conceivable that the result is confounded by unequal
distribution of practice types around the world.
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With the drastic reduction in elective case volume occurring
during COVID-19, surgeons who rely on clinical productivity as
amajor source of revenue are reporting a decrease in revenue and
income. Our survey further outlines that surgeons in private and
privademic practices are reporting that their hospitals are experi-
encing greater financial hardship compared to academic and
public hospitals. The American Medical Association issued gui-
dance on how private medical practices could adapt to financial
and logistical stresses of this global pandemic.”> However, sur-
geons may be even more affected. The American Academy of
Orthopaedic Surgeons recently released guidance to support pri-
vate practice surgeons during COVID-19 and is lobbying con-
gress for specific government programs to assist private practice
surgeons.”® While our survey results echo the sentiment that
private and privademic surgeons are at risk for the greatest finan-
cial impact, the Department of Health and Human Services is
obligated to assist all spine providers in surviving this pandemic
SO we can continue to ensure care is accessible to all patients.

Long-Term Impacts

While the COVID-19 pandemic is ongoing, we must start look-
ing toward the future. Spine practices must adapt to the post-
COVID-19 era in order to keep patients and providers safe
while ensuring the survival of all practice types. Our respon-
dents identified heightened awareness of hygiene, increased
PPE use, and a rise in digital communication options as
changes to patient care over the next year. However, many
questions remain. Over the past several years, private equity
firms have started to see private surgical practices as potential
investment opportunities.°” These firms specialize in improv-
ing the financial performance of struggling or unprofitable
companies, and selling them for a profit. This raises concern
that practices facing financial difficulty in the post-COVID-19
era will be bought up by private equity firms, accelerating the
transition away from surgeon-controlled practices.

We believe spine surgeons and spine societies must lead our
healthcare system into the post-COVID-19 era. We must
ensure that governments do not use COVID-19 as an opportu-
nity to transition away from private or privademic practice.
COVID-19 highlighted the need for future formal guidelines
to consider the stresses that pandemics cause for different prac-
tice types.

Limitations

As with many survey-based studies, there are clear limitations.
The survey distribution was limited to the current AO Spine
surgeon members network. The survey was sent out to 3,805
spine surgeons worldwide; however, only 902 surgeons
responded (23.7%). This likely introduces a response bias as
subjects with strong opinions are more inclined to respond.
Previous studies have described that low response rate is a risk
factor for low validity, but does not dictate low validity.®’
Response rates are important to assess, but should not be con-
sidered a proxy for study validity.

Our study relied on respondents’ self-classification of prac-
tice type. Given that our study included international respon-
dents, there may be different definitions of private, privademic,
academic, and public around the world. Furthermore, we
attempted to control for differences in the distribution of prac-
tice types throughout the world by including geographic region
in our multivariate model, however, we lacked sufficient power
to control for individual countries. Given the limit of survey
length due to fatigue, we were not able to explore all the pos-
sible domains related to COVID-19.

Finally, our targeted demographic was spine surgeons that
are members associated with AO Spine. This is one group of
subspecialty surgeons and the results may not be generalizable
to other medical specialties. Despite these limitations, this sur-
vey remains the largest, international effort to assess multiple
domains of the impact of COVID-19 on spine surgeons.

Conclusions

The COVID-19 pandemic has impacted spine surgeons across
the world. As health systems and government agencies look to
generate policies for mitigating current and future outbreaks,
understanding the differential impact on various practice set-
tings is critical. The current study indicates that surgeons
entered COVID-19 with varying levels of preparedness based
on practice setting. Furthermore, apart from the obvious impact
on elective case volume, COVID-19 has triggered a massive
decrease in overall clinical productivity, revenue, and income.
This has caused disproportionate financial stress in private and
privademic settings. As we move through this COVID-19 crisis
and into the postpandemic era, we are hopeful for a return to
some level of normalcy. Spine surgeons and our professional
societies must urge the governments around the world to assist
all spine providers in surviving this pandemic so we can con-
tinue to ensure care is accessible to all patients.
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