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Abstract

Study Design: Cross-sectional, international survey.

Objectives: The current study addressed the multi-dimensional impact of COVID-19 upon healthcare professionals, particularly
spine surgeons, worldwide. Secondly, it aimed to identify geographical variations and similarities.

Methods: A multi-dimensional survey was distributed to surgeons worldwide. Questions were categorized into domains:
demographics, COVID-19 observations, preparedness, personal impact, patient care, and future perceptions.

Results: 902 spine surgeons representing 7 global regions completed the survey. 36.8% reported co-morbidities. Of those that
underwent viral testing, 15.8% tested positive for COVID-19, and testing likelihood was region-dependent; however, 7.2% would
not disclose their infection to their patients. Family health concerns were greatest stressor globally (76.0%), with anxiety levels
moderately high. Loss of income, clinical practice and current surgical management were region-dependent, whereby 50.4%
indicated personal-protective-equipment were not adequate. 82.3% envisioned a change in their clinical practice as a result of
COVID-19. More than 33% of clinical practice was via telemedicine. Research output and teaching/training impact was similar
globally. 96.9% were interested in online medical education. 94.7% expressed a need for formal, international guidelines to manage
COVID-19 patients.

Conclusions: In this first, international study to assess the impact of COVID-19 on surgeons worldwide, we identified overall/
regional variations and infection rate. The study raises awareness of the needs and challenges of surgeons that will serve as the
foundation to establish interventions and guidelines to face future public health crises.
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Introduction

As of April 10, 2020, the novel coronavirus, COVID-19, has

spread to more than 210 countries, infecting more than

1 700 000 individuals and causing more than 100 000

deaths.1-5 Although there is enormous attention surrounding

COVID-19, there is a pressing need to accelerate protocols and

guidelines for testing, patient management, antiviral therapies,

and effective vaccines. The medical community has provided

treatment algorithms, protocols for the use of personal protec-

tive equipment (PPE), resource allocation, and collaborative
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efforts to mitigate the effects of the COVID-196; however, the

standardization and global acceptance of such protocols remain

under question, and not all centers have such resources in

abundance. In addition, COVID-19 has proven to not only be

a medical crisis, but a financial and social one as well.

The impact on individual subspecialists in the age of COVID-

19 remains unclear, especially in epicenters where physicians’

roles are transforming to meet needs during this pandemic.

Furthermore, a great deal of attention has focused on emergency

and critical care specialists; however, the surgeon is often lost in

the conversation. Baseline burnout rates are incredibly high in

this population, and a global pandemic may negatively com-

pound associated consequences.7,8 Because of the suspension

of most elective surgeries worldwide and in-person clinics,

many surgeons have had to rapidly adjust their practice and

assist on frontline duties. Additionally, surgeons work in multi-

disciplinary teams; thus, elective surgery cancellations have

downstream effects on various health care workers.

The current study addressed the multidimensional impact of

COVID-19 on health care professionals, particularly spine sur-

geons, worldwide. Second, it aimed to identify geographical

variations and similarities.

Methods

Survey Design and Content

A survey, known as the AO Spine COVID-19 and Spine Sur-

geon Global Impact Survey, was developed with representation

of various regions. Question selection was based on a Delphi

style for consensus, following several rounds of review before

finalization. Questions included several domains: demo-

graphics, COVID-19 observations, preparedness, personal

impact, patient care, and future perceptions.

Survey Distribution

The 73-item survey was presented in English and distributed via

email to the AO Spine membership who agreed to receive sur-

veys (n ¼ 3805 of approximately 6000 members). AO Spine is

the world’s largest society of international spine surgeons

(www.aospine.org). The survey recipients were provided 9 days

to complete the survey (March 27, 2020, to April 4, 2020).

Respondents were informed that their participation was volun-

tary and confidential; thus, information gained would be disse-

minated in peer-review journals, websites, and social media.

Statistical Analyses

All statistical analyses were performed with Stata version 13.1

(StataCorp LC, College Station, TX). Graphical representation

of survey responses was performed using RStudio v1.2.1335

(RStudio Inc, Boston, MA). Percentages and means were made

for count data and rank-order questions, respectively. Statistical

analyses were performed to assess significant differences in

count data using a combination of Fisher exact and w2 tests,

where applicable. Differences in continuous variables between

groups were assessed using analysis of variance (ANOVA). The

threshold for statistical significance for all tests was P < .05.

Results

In total, 902 spine surgeons responded to the survey, represent-

ing 91 distinct countries and 7 regions. The greatest number of

responses were from Europe (242/881; 27.5%), followed by

Asia (213/881; 24.2%) and North America (152/881; 17.3%).

Most survey responses (Figure 1) were from the United States

(128/902; 14.2%), China (73/902; 8.1%), and Egypt (66/902;

7.3%). More respondents were male (826/881; 93.8%) ortho-

paedic surgeons (637/902; 70.6%), aged 35 to 44 years old

Figure 1. Distribution of survey responses by geographic region; world map depicting number of survey responses received internationally.
Color-filled countries indicate that at least 1 survey was received from that geographic region. Red, <50 surveys received; green, 51 to 100;
yellow, 101 to 150; orange, 151 to 200; blue, >200; gray, no surveys received.
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(344/895; 38.4%), and primarily practiced in academic and/or

private institutions. Notably, 92.9% of all respondents cur-

rently live with a spouse, children, and/or the elderly, and

36.8% report a medical comorbidity (Table 1).

Of the 57 who underwent viral testing, 9 (15.8%) reported

testing positive for COVID-19. However, surgeons from some

geographic locations were more likely to have been previously

tested for COVID-19 (P < .001) and had differing opinions on

whether local and/or international news outlets were providing

accurate (P < .001) or excessive coverage (P ¼ .001) on the

pandemic. Variations arose regarding personal concern for

region-specific entities, such as hospital capacity (P ¼ .011),

roles taken by government/leadership (P ¼ .016), and eco-

nomic consequence (P¼ .007; Table 2, Figure 2). Respondents

reported significantly different institutional and government

approaches as they related to management of COVID-19. Spe-

cifically, distinct variations were observed in quarantining

(P < .001), hospital/government interventions (P < .001 to

Table 1. Survey Respondent Demographics.

Personal Demographics Practice Demographics

na Percentage na Percentage

Age (years) Specialty
25-34 130 14.5 Orthopaedics 637 70.6
35-44 344 38.4 Neurosurgery 246 27.3
45-54 245 27.4 Trauma 104 11.5
55-64 150 16.8 Pediatric Surgery 17 1.9
65þ 26 2.9 Other 35 3.9
Sex Fellowship trained
Female 55 6.2 Yes 645 71.5
Male 826 93.8 No 257 28.5
Home demographics Years since training completion
Spouse at home 773 86.5 Less than 5 years 161 25.3
Children at home 5 to 10 years 141 22.2
0 250 28.2 10 to 15 years 104 16.4
1 221 24.9 15 to 20 years 117 18.4
2 266 30.0 Over 20 years 113 17.8
3 109 12.3 Practice type
4þ 41 4.6 Academic/Private combined 204 22.9
Elderly at home 191 21.4 Academic 405 45.4
Living alone 63 7.1 Private 144 16.1
Estimated home city population Public/Local hospital 139 15.6

<100 000 46 5.2 Practice breakdown (%)
100 000-500 000 185 20.7 Percentage research
500 000-1 000 000 136 15.2 0-25 731 81.9
1 000 000-2 000 000 144 16.1 26-50 129 14.5
>2 000 000 382 42.8 51-75 21 2.4

Geographic region 76-100 12 1.3
Africa 44 5.0 Percentage clinical
Asia 213 24.2 0-25 22 2.5
Australia 8 0.9 26-50 87 9.7
Europe 242 27.5 51-75 194 21.7
Middle East 77 8.7 76-100 590 66.1
North America 152 17.3 Percentage teaching
South America/Latin America 145 16.5 0-25 668 74.9

Medical comorbidities 26-50 152 17.0
Cancer 4 0.4 51-75 50 5.6
Cardiac disease 25 2.8 76-100 22 2.5
Diabetes 45 5.0
Hypertension 156 17.3
No comorbidities 570 63.2
Obesity 103 11.4
Renal failure 5 0.6
Respiratory illness 35 3.9
Tobacco use 77 8.5

Total respondents 902 100

a Number of respondents/votes.
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P¼ .024), PPE availability and type (P < .001 to P¼ .045), and

medical staff employment (P < .001). Most surgeons had

roughly similar perceptions about institutional responsiveness

(P ¼ .169 to P ¼ .881; Tables 3 and 4; Figure 3).

COVID-19 had varying impact on clinical practice.

Although most report cancellation of >75% of their surgical

cases per week (539/803; 67.1%), differences in reported can-

cellation rate were seen across geographic regions (P < .001 to

P ¼ .021). Similar discrepancies are present with ongoing

elective (P < .001) and emergency surgical cases (P < .001),

with variation in precaution recommendations for procedures.

Although there was no difference in the recommendation of

additional PPE (P ¼ .583) and/or cancellation of procedures

(P ¼ .253) between regions (Figure 4), opinions varied regard-

ing the use of standard precautions and/or modifications during

the intubation/extubation procedures (Table 4; Figure 5).

Respondents had similar breakdowns for their allocation of

time and stress-coping mechanisms. No significant differences

were seen across geographic regions for spending time with

family, personal wellness, resting, future planning, hobbies,

or academic/clinical work. Greatest current stressors were fam-

ily health (76%), followed by economic issues (45.7%), time-

line to resume normal practice (44.9%), and community health

(43.9%). Similarly, stress relief through reading, television,

meditation, research, family, and telecommunication with

friends was comparable between regions. Significant differ-

ences largely arose surrounding the cancellation of business

and leisure activities (P < .001 to P ¼ .026; Table 5).

Although most practitioners envision changes to their clin-

ical practice as a result of COVID-19 (618/751; 82.3%), they

similarly recognized the need for future standardized guide-

lines (710/750; 94.7%) across geographic regions (P ¼ .068

and P ¼ .418, respectively). Respondents expressed further

dissimilarities regarding the current use of telecommunication

clinical visits (P < .001).

Discussion

To our knowledge, our study is the first to assess the multi-

dimensional impact of COVID-19 on surgeons worldwide.

With >900 respondents worldwide, we noted variations

between regions for COVID-19 testing, government/leadership

perceptions, impact of media/news outlets, hospital capacity

for COVID-19, and economic consequences. We identified that

16% of all spine surgeons who underwent viral testing globally

tested positive for COVID-19, and up to 13% would be less

likely and not at all compelled to disclose their positive testing

to their patients. The study also noted an overwhelming need

for guidelines to manage patients under a pandemic. It noted

that key PPEs, such as masks, face shields, gowns, and so on,

were not readily available to clinicians.

COVID-19 Surveys

Few surveys have also examined specific COVID-19 domains

in health care providers. Khan et al9 evaluated 302 health care

Figure 2. COVID-19 Worldwide Impact Surgeon Infographic highlighting key finding surrounding surgeon perspectives of the media, institutional
and governmental policy enactment, and occupational hazard risks from the AO Spine COVID-19 and Spine Surgeon Global Impact Survey.
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workers in Pakistan on their basic knowledge of COVID-19

and found that front-line workers were not prepared for the

pandemic. Lai et al10 identified high levels of psychological

burden in 1257 health care workers in 34 hospitals throughout

China caring for COVID-19 patients. Huang et al11 surveyed

230 medical staff in a tertiary infectious disease hospital for

COVID-19 in China and discovered a high incidence of anxi-

ety and stress among staff. Because these surveys target indi-

viduals in specific regions and domains of COVID-19

knowledge and opinions, our survey gathered responses from

a “global” audience of health care providers across various

domains. We also outlined regional breakdowns and demo-

graphic variables. Our goal was not to investigate the specific

factors involved with the regional differences, but rather shed

light on how the different regions perceived and reacted to

this global crisis.

Resources and Testing

The COVID-19 outbreak demands increasing focus on

resource allocation and the roles in which physicians function.

In our study, 23% of the surgeons reported working outside

their normal scope of practice, illustrating the unique chal-

lenges facing physicians not often at the forefront of the

COVID-19 conversation, with varying levels of concern in the

mounting pressure. Limitations in testing have been cited as a

major shortcoming.12,13 However, 83% of our respondents

stated that they have access to testing. Contact with

Figure 3. A. Radar chart depictions of current COVID-19 government policies by geographic region: 10-sided (decagon) radar charts visually
depicting cumulative percentage of responses verifying the enactment of a given COVID-19 government 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 decagon correspond to a
cumulative total of 0% of survey responses received. Moving outward from one decagon to the next corresponds to a 25% increase in responses
for a given category. B. Radar chart depictions of current COVID-19 hospital policies by geographic region: 7-sided (heptagon) 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 heptagon correspond
to a cumulative total of 0% of survey responses received. Moving outward from one heptagon to the next corresponds to a 25% increase in
responses for a given category.
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symptomatic patients was described as the most common rea-

son to seek testing, yet we found that only 7% of our physicians

have undergone formal COVID-19 testing; 47% stated that

they know someone who has been diagnosed, and only 16%
of respondents tested positive. This infection rate was based on

respondents who had actually undergone formal viral testing.

Substantiated data on the infection rate in health care workers

has not been well established because this population describes

inconsistent access to testing, if not being actively discouraged

to do so. Additionally, infections are being inconsistently

tracked and, in some cases, uncounted at the hospital/medical

center level. Based on various global news outlets, health care

workers have accounted for anywhere between 14% and 30%
of total positive COVID-19 tests in various regions.14,15 More

widespread active COVID-19 viral (and eventual antibody)

testing is a crucial focus of multiple global entities at this time

because these results will help plan for return to work proto-

cols. Overall, spine surgeons exhibited elevated anxiety and

uncertainty for the future. The lower rates of testing and diag-

nosis among our cohort, compared with the general population,

suggest surgeons’ knowledge of disease transmission and/or

possible greater adherence to public health measures aimed

at limiting exposure.

Surgeon Well-being

Our survey captures surgeons’ health status and age highlight-

ing potential personal factors affecting this cohort’s suscept-

ibility to COVID-19. We found that more than 80% of our

respondents are <55 years old, with hypertension and obesity

as the 2 most common comorbidities, and anxiety levels were

moderately high. Although these respondents are younger and

with less severe comorbidities than higher-risk populations,

concerns for well-being are clearly evident. Concerns for per-

sonal well-being and family health as well as professional con-

cerns raise awareness of the unknown psychological stressors

faced by surgeons and front-line workers.

Recently, Lai et al10 assessed the mental health outcomes

among Chinese health care workers exposed to COVID-19,

revealing that 50% experienced depression, 34% insomnia, and

Figure 3. (continued)
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72% psychological distress. The perception of personal and

community danger, present among frontline workers, is evident

among surgeons worldwide. Additionally, 60% of surgeons can-

celled or postponed leisure travel because of the outbreak, lead-

ing to an inability to obtain much needed respite during this

stressful time. Respondents also cited predominantly spending

time with family, exercise, and reading as the most common

coping mechanisms, with meditation and spiritual/religious

activities. The expanding impact of the outbreak will continue

to challenge the importance of healthy coping mechanisms dur-

ing critical times. Finally, surgeons’ evolving role in combating

this outbreak adds an additional layer of strain, emphasizing the

importance of mental health in reducing physician burnout.

Patient Care

International and governmental recommendations have curbed

nonemergent surgery in order to optimize delivering care to

COVID-19 patients.16,17 This has a significant impact on sur-

geons’ ability to meet their patients’ needs. We found that 81%
of surgeons are no longer performing elective surgery, yet the

majority (87%) are performing emergency/essential surgery.

Thus, surgeons, although greatly affected, are adhering to

national and international recommendations to limit nonessen-

tial surgery while addressing critical surgical issues. The cur-

rent pause on elective surgery has brought much consideration

of time frames upon which surgeons can safely resume elective

surgeries. Our findings indicate that the majority of respon-

dents (49%) have yet to receive a time frame for resuming

elective cases. Returning to normal is a crucial issue because

economic concerns were the second greatest stressor, and more

than 67% of respondents reported decreased income during the

pandemic.

One significant challenge facing surgeons is COVID-19

patients requiring surgery and how to manage this population.

Such challenging issues complicate the care of these patients.

When asked about performing surgery on COVID-19 patients,

70% of respondents recommended against surgery at this time.

However, in the setting of urgent and emergency surgery, the

decision to perform surgery has life or death implications even

without the COVID-19 threat. Additionally, surgeons must

consider resource allocation in light of ventilator shortages

when deciding to proceed with surgery. Although operating

room ventilators are not equivalent to intensive care unit ven-

tilators, in the setting of severe shortages, physician leaders

must account for all possible resources and implement uses

of best practice to serve the greater good. Interestingly, 59%
of surgeons felt that their hospitals did not have enough venti-

lators, which illustrates the difficult decision of ventilator allo-

cation and best practice. Surgeons are in a unique position as

the demands of COVID-19 patients require thoughtful consid-

eration of the risks and benefits of these complexities.

Beyond recommendations against surgery, 44% of surgeons

stated donning additional PPE during the surgery of COVID-19

Figure 4. Regional availability of personal protective equipment (PPE) bar chart detailing overall and regional availability of various types of PPE.
X-axis: percentage of survey responses received; Y-axis: type of PPE equipment queried.

Louie et al 545



Figure 5. A. Pie donut depictions of questions highlighting COVID-19’s impact on clinical practice graphical depictions of specific questions and
distribution of responses by geographic region highlighting the impact of COVID-19 on a respondent’s surgical practice. Inner pie chart highlights
the percentage of responses received for a given answer choice, whereas the outer “donut” reveals the respective geographic distribution.
Regions constituting <2% of the overall pie chart area are omitted for clarity. B. Regional distribution of current COVID-19 surgical precautions
bar chart detailing overall and regional practices of surgical precautions for COVID-19 positive surgical candidates. X-axis, percentage of survey
responses received; Y-axis, type of surgical precaution queried.
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patients. The allocation and utilization of PPE has become a

controversial issue among leadership because shortages take on

a seemingly linear relationship to rates of disease.18,19 Half of

the surgeons felt that their hospitals provide adequate PPE for

frontline workers, whereas the remainder stated inadequate

PPE resources. Regional analysis revealed that only 27% of

surgeons in Africa felt that they have adequate PPE, followed

by Latin America (35%), the Middle East (36%), and Australia

(38%). Of the forms of PPE provided, the following were the

most common: surgical masks (88%), gowns (59%), N-95

masks (54%), and face shields (50%). Regional analysis

demonstrated that North America (84%) and Australia (75%)

have the greatest access to N95 masks, whereas the Middle East

(33%) and Africa (23%) have the least access. Guidelines have

standardized infectious disease prevention, and surgeons

appear to be adherent.20 Although hospitals and governments

look to optimize use and manufacturing of PPE, there clearly

remain concerns across the world.6,21

Government, Media, and Future Guidelines

We found that 68% of our respondents have mandates from

regional governments for citizens to self-isolate at home. Opi-

nions of individual government responses to COVID-19 have

varied. Our cohort’s perception of how their governments have

been handling the pandemic was mixed, although 59% stated

that the response has been acceptable and appropriate; 28% felt

that their government had taken some action (but not enough),

11% found their government’s reaction to be disorganized, and

the remaining 3% thought the actions were excessive and unne-

cessary. Perceptions of governments’ responses reveal that

only 18% of respondents attributed government/leadership as

a major stressor during this time point of the outbreak. The

effectiveness of governmental policies may require eventual

post hoc commissions. One component that continues to influ-

ence current perception of policies is media coverage, which

only 48% felt has been accurate; 36% felt that coverage has

been excessive and overblown. Although subjective, this infor-

mation offers insight into how citizens and news outlets are

responding and portraying current policies. Our data imply that

the majority feel that their governments are taking appropriate

action.

Minimizing mortality remains the highest priority, even at

the cost of societal dynamics and economic consequences.

Based on our survey, only 60% of respondents noted that

guidelines exist to manage such outbreaks in their hospitals/

medical centers; however, 95% declared that formal guidelines

are needed to address crises for their profession. This desire for

widespread guidelines for outbreaks is widely shared across the

globe and has been a focus for organizations in all regions.2,22-

24 Finally, the use of online technology will be paramount from

an academic and patient care standpoint. International colla-

boration with research and development of these platforms will

be critical to adapt to widespread public health changes.

Limitations

As with many survey-based studies, there are limitations to this

study. The survey distribution was limited to the current AO

Spine surgeon members’ network. The survey was sent out to

3805 spine surgeons worldwide; however, only 902 surgeons

responded (23.7%). Perhaps a higher response rate would have

been achieved with longer survey duration. Although the

response rate may appear low, perhaps we have captured

respondents who take special interest in this topic. As such,

there may be questionable generalizability in regions in which

there were few or no respondents. Potential selection bias may

represent a unique makeup of those opting to receive the survey

as opposed to those who did not. Previous studies have

described that a low response rate does not necessarily mean

that the study results have low validity, but rather a greater risk

of this.25,26 So response rates can be informative but indepen-

dently should not be considered a good proxy for study validity.

Another limitation was response completion. The 73-item sur-

vey may have created some fatigue; thus, not all parameters

were addressed by all respondents. Given the length limit of

surveys in general, we were not able to capture all the possible

domains related to COVID-19. However, given the variety of

regional responses and COVID-19 outbreak severity, we

sought to capture the majority of global regions. Despite these

limitations, this remains the largest international survey to

assess multiple domains of impact the COVID-19 pandemic

has had among health care professions, in this case surgeons.

This global sample size forms a snapshot of the current situa-

tion and provides us with foundational information that can be

revisited with future studies to assess longitudinal effects.

Conclusion

This is the first international survey to assess COVID-19

impact among surgeons. Up to 16% of all surgeons who tested

for COVID-19 were found to be positive. Specific geographical

variations as well as similarities between surgeons were also

noted. We plan to further explore these preliminary findings

through more analytical approaches to understand some of the

subdomains represented in this survey. Additionally, we plan to

distribute a follow-up survey at 6 and 12 months to assess the

longer-term impact and perform predictive modeling. In clos-

ing, findings from our study have noted that COVID-19 has had

a substantial impact on surgeons. Therefore, specific attention to

the needs and challenges of such a population is needed in the

age of the current crisis and in any future public health crises.
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