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The Financial Impact of the COVID-19 Pandemic on Neurosurgery Practice in Spring 2020

James P. Caruso1, Karin Swartz2, Catherine Mazzola3, Vin Shen Ban1, Ravi Singh1, Cody Eldridge1, Clemens Schirmer4,5,
Joseph Cheng6, Andrew M. Bauer7, Michael Steinmetz8, Owoicho Adogwa1
-BACKGROUND: The coronavirus disease 2019 (COVID-19)
pandemic has changed health care delivery across the United
States. Few analyses have specifically looked at quantifying
the financial impact of the pandemic on practicing neuro-
surgeons. A survey analysis was performed to address this
need.

-METHODS: A 19-question survey was distributed to
practicing neurosurgeons in the United States and its ter-
ritories. The questions evaluated respondents’ assess-
ments of changes in patient and procedural volume, salary
and benefits, practice expenses, staffing, applications for
government assistance, and stroke management. Re-
sponses were stratified by geographic region.

-RESULTS: The response rate was 5.1% (267/5224). Most
respondents from each region noted a >50% decrease in
clinic volume. Respondents from the Northeast observed a
76% decrease in procedure volume, which was significantly
greater than that of other regions (P [ 0.003). Northeast re-
spondents were also significantly more likely to have been
reassigned to nonneurosurgical clinical duties during the
pandemic (P < 0.001). Most respondents also noted decreased
salary and benefits but experienced no changes in overall
practice expenses. Most respondents did not experience
significant reductions in nursing or midlevel staffing. These
trends were not significantly different between regions.

-CONCLUSIONS: The COVID-19 pandemic has led to de-
creases in patient and procedural volume and physician
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compensation despite stable practice expenses. Signifi-
cantly more respondents in the Northeast region noted
decreases in procedural volume and reassignment to
nonneurosurgical COVID-related medical duties. Future
analysis is necessary as the pandemic evolves and the
long-term clinical and economic implications become
clear.
INTRODUCTION
n December 2019, multiple cases of pneumonia with un-
known origin were reported in Wuhan, Hubei, China, and
I genetic sequencing analyses implicated a novel coronavirus,

termed 2019-nCoV.1 Rapid spread of coronavirus disease 2019
(COVID-19) led to rising case rates and death counts in the
United States.2-4 Cardiopulmonary and neurological complica-
tions contribute to the condition’s morbidity and mortality.5-8

To curb the spread of the pathogen, individual states instituted
social distancing measures, limited public and business gather-
ings, limited elective health care procedures, and issued shelter-
in-place orders. While these strategies decreased community
spread of the virus,9,10 they also resulted in myriad socioeconomic
repercussions. Shelter-in-place orders substantially reduced
outpatient medical care volume, and >60,000 health care jobs
were lost in the initial months of the pandemic.11 Expanded
availability of telehealth services and government assistance
programs ameliorated some of these losses11; however, the
emerging economic consequences of the COVID-19 pandemic
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are largely undefined. Specifically, minimal data exist to evaluate
the financial effects of the COVID-19 pandemic on neurosurgery
practice in the United States. To this end, the authors present the
results of an electronic survey designed and distributed by the
American Association of Neurological Surgeons (AANS) and
the Council of State Neurosurgical Societies (CSNS) to assess the
perspectives of practicing U.S. neurosurgeons on the financial
impact of the COVID-19 pandemic. The results are stratified by
geographic region and provide insights into changes in procedural
volume, compensation, practice expenses, and staffing during the
pandemic.

MATERIALS AND METHODS

Survey Conception and Distribution
A 19-question electronic survey (Supplementary Figure 1) was
designed by the AANS and the CSNS to assess respondents’
perception of the effect of the COVID-19 pandemic on patient
and procedural volume, revenue and expenses, and administrative
and staff compensation. The survey was created using Qualtrics
online survey software (Qualtrics, Provo, Utah, USA) and sent to
members on the AANS and CSNS mailing lists with the assistance
of the CSNS Workforce Committee. After initial distribution of the
survey, a reminder was sent to the same members approximately 1
week later. The survey was designed to exclude duplicate entries,
participation was voluntary, and all survey responses were recor-
ded anonymously. The survey was distributed to 5224 practicing
neurosurgeons in the United States and associated U.S. territories,
and 267 neurosurgeons responded between April 30, 2020, and
June 7, 2020.

Statistical Analysis
A descriptive analysis was performed to characterize trends in
survey responses from the study cohort for each question. Re-
sponses were stratified according to geographic region (Northeast,
Midwest, South, and West) based on U.S. Census Bureau classi-
fications. The question responses were represented as categorical
variables, and standard descriptive statistics were calculated for
each question. Given the nonparametric distribution of response
values, 2-sided Pearson c2 tests were applied for comparison of
categorical variables to assess significant trends in responses to
select questions of interest according to geographic region. A
P value of < 0.05 was statistically significant. Statistical analysis
was performed using SAS Version 9.4 (SAS Institute Inc., Cary,
North Carolina, USA).

RESULTS

Respondent Demographic Information
The response rate was 5.1% (267 of 5224). The anonymous nature
of the survey precludes analysis of how responses to these ques-
tions differed according to number of years in practice, subspe-
cialty practice interests, or other demographic factors. However,
data were available regarding geographic location of respondents:
17.6% (47/267) were in the Northeast, 23% (62/267) were in the
Midwest, 30% (81/267) were in the South, and 24% (64/267) were
in the West. There was a balanced representation of responses
across geographic regions. The Northeast had the fewest number
e2 www.SCIENCEDIRECT.com WORLD NE
of responses among the 4 primary geographic regions, and it was
the first region affected by the COVID-19 pandemic. Approxi-
mately 5% of respondents were in other U.S. territories.

Patient/Procedural Volume and Applications for Government
Funding
Of respondents, 59% noted a >50% decrease in neurosurgery clinic
or emergency department visits and 56% noted a >50% decrease in
procedural volume since the beginning of the COVID-19 epidemic.
Additionally, 12% of respondents completely stopped their
operative practice, and no respondents noted increases in operative
volume. Most respondents noted a >50% decrease in clinic and
emergency department visits, with no statistically significant dif-
ference present between regions (P ¼ 0.056). However, the
Northeast experienced a significantly larger decrease in procedure
volume: 72% of Northeast respondents observed a >75% decrease
in procedural volume compared with 36%e44% of respondents in
other regions (P ¼ 0.003). Figure 1 shows changes in procedural
volume according to geographic region.
Of respondents, 56% noted that their institution had applied for

government-funded assistance, and 15% of these respondents
were aware of definitive plans or intent to pay back the
government-funded assistance. Among regions, the Northeast had
significantly fewer respondents who applied for government-
funded assistance (25%) compared with other regions (>50%)
(P ¼ 0.038). Of respondents from the Northeast, 70% were unsure
of whether their institution had applied for funding compared
with 21%e35% in other regions. These results are shown in
Figure 2.

Salary and Expenses
Approximately 63% of respondents noted reductions in their
salary or benefits as a result of the COVID-19 pandemic compared
with 37% of respondents who did not see a reduction. A complete
loss of salary and benefits was noted by 4% of respondents, and a
>50% reduction was reported by 25% of respondents. Among the
respondents who reported no reduction in salary or benefits, 51%
noted that they expect to see a reduction in the future, and an
additional 33% considered this possibility. However, despite re-
ports of reduced compensation, 74% of respondents noted un-
changed practice expenses, and 8% of respondents noted
increases in practice expenses. Additionally, 82% of respondents
with reduced compensation have not been told when their previ-
ous salary and benefit levels will resume. Further, 89% of re-
spondents were either moderately concerned or very concerned
about the negative long-term effects of the COVID-19 pandemic on
physician compensation. There were no significant differences
between regions in reported salary and benefit reductions
(P ¼ 0.104), the expectation of future salary/benefit reductions
(P ¼ 0.205), or decreases in practice expenses (P ¼ 0.275).

Involuntary Reassignment and Staffing Changes
Figure 3 shows trends in involuntary reassignment. Of respondents,
17% confirmed that they or other neurosurgery providers were
involuntarily reassigned to cover nonneurosurgical services during
the COVID-19 pandemic compared with 83% who were not reas-
signed. Notably, 39% of respondents in the Northeast reported
reassignment, which was significantly more than in other regions
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.04.120
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Figure 1. Graph showing change in procedural volume.
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(6.4%e25%) (P < 0.001). Of respondents who were reassigned,
69% received no financial compensation for these work efforts, and
31% of respondents were compensated at a rate equal to or lower
than their established salary rate. There were no significant differ-
ences between regions in financial compensation for reassignment
(P ¼ 0.356).
Additionally, 66% of respondents noted clerical staff changes

during the COVID-19 pandemic, including decreased number,
time, and availability. No respondents noted staff expansion, and
only 33% of respondents noted no changes in clerical staffing.
Similar trends were noted with nursing staff members (53% of
Figure 2. Graph showing application for gove

WORLD NEUROSURGERY 153: e1-e10, SEPTEMBER 2021
respondents experienced a reduction and 47% did not). However,
only 38% of respondents experienced a reduction in midlevel
provider (nurse practitioner or physician assistant) support
compared with 62% who did not. While only 16% of respondents
experienced clinical or nursing staff layoffs, another 14% of re-
spondents reported that they expect staff layoffs at a future time.
Of respondents, 77% did not note reductions in surgical staff
numbers, hours, or availability compared with 23% who did note
reductions. There were no significant differences in staffing
changes (clerical, nursing, midlevel, or surgeon) across different
geographic regions.
rnment-funded assistance programs.

www.journals.elsevier.com/world-neurosurgery e3

www.journals.elsevier.com/world-neurosurgery


Figure 3. Graph showing involuntary reassignment.
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Interventional Stroke Treatment
Two survey questions assessed the effect of the pandemic on
interventional stroke care in neurosurgery practices, and these
results are shown in Figure 4. Of respondents, 66% were not
directly involved in interventional stroke care. However, 31% of
respondents (94% of those who were involved in stroke care)
noted decreases in stroke volume at their institutions. There
Figure 4. Graph showing changes in stroke and thrombe
involved in stroke care.

e4 www.SCIENCEDIRECT.com WORLD NE
were no significant differences between geographic regions in
the decrease in stroke volume (P ¼ 0.09). Of the respondents
who performed endovascular thrombectomies (24% of
respondents), 98% noted decreases in endovascular
thrombectomy volume during the COVID-19 pandemic. There
were no significant differences between regions in changes in
thrombectomy volume (P ¼ 0.192).
ctomy volume. *Results for respondents actively
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DISCUSSION

The COVID-19 pandemic poses a unique challenge to neurosur-
gery practice in the United States. Patients requiring emergent or
elective surgery are at great risk,12 and limitations on clinic visits,
outpatient procedures, and personal protective equipment
allocation will further compromise patient care. While the long-
term consequences of the pandemic remain uncertain, the
short-term economic impact on neurosurgery practice is unprec-
edented. Our survey was designed to clarify how practicing neu-
rosurgeons in different regions have responded to the pandemic,
how they perceive its effects, and how these changes might affect
patient care and health care delivery.
Notably, the results of our survey are consistent with national

trends. According to an American Medical Association survey on
the financial impact of the COVID-19 pandemic, physician re-
spondents confirmed an average of 32% loss of revenue, with 19%
of physician respondents experiencing a >50% loss of revenue.13

Additionally, 81% of respondents were providing fewer in-person
visits, and nearly 70% of respondents experienced a decrease in
patient visits despite substantially increased telehealth visits
compared with prepandemic levels.13 However, these responses
were not stratified by geographic region or medical discipline. A
majority of respondents from the American Medical Association
survey also noted that federal financial relief was very helpful or
extremely helpful, but increased personal protective equipment
requirements and associated costs place an exceptional burden on
physician-owned and smaller group practices.13 While our survey
did not specify how personal protective equipment expenses have
affected neurosurgeons’ practice costs, our data reflect a similar
struggle for physicians to balance practice expenses with
unanticipated downturns in patient volume and associated revenue.
Geographic Trends in the Pandemic’s Economic Impact
Decreased clinic volume, emergency department visits, compensa-
tion, and staffing resources were present across regions. However,
Northeast respondents experienced significantly greater decreases
in procedural volume and rates of clinical reassignment. The
Northeast has a comparatively high population density, which may
have exacerbated these trends. Despite being the smallest
geographic region in area, 6 of the 9 states in the United States with
the highest population density are located in the Northeast region.
In April 2020, immediately preceding survey distribution, New York
and New Jersey were among the worst-affected states in the country,
and the rapidly rising case count and death rate in New York far
outpaced the rest of the United States.14 Some literature suggests
that high population density is associated with infection rates,15

and social distancing measures to prevent infection spread prove
difficult in crowded spaces.14 However, despite greater declines in
procedural volume and greater rates of reassignment, our survey
revealed that respondents from the Northeast were less likely to
report applying for government-funded financial assistance. Up to
70% of respondents from the Northeast were unsure whether their
institution had applied for assistance; however, our survey did not
enable respondents to explain this uncertainty. Respondents who
expressed uncertainty regarding government funding applications
may have comparatively less administrative responsibility. Alterna-
tively, they may be junior members of larger practices who are not
WORLD NEUROSURGERY 153: e1-e10, SEPTEMBER 2021
responsible for government funding applications. Follow-up
analyses are warranted to account for variables such as re-
spondents’ practice size and type.

Emerging Solutions
The intent of our analysis was to quantify the economic conse-
quences of the COVID-19 pandemic on neurosurgical practice.
However, the survey was not designed to assess how respondents
planned to ameliorate these setbacks. Telemedicine protocols,
including virtual clinic visits, remote imaging review, and
telephone conferencing, may become an efficient alternative to
in-person patient care. Prospective data show that new and
established neurosurgery patients report high satisfaction with
outpatient telemedicine clinic visits.16 Considering that some
government assistance programs include funding for telehealth
equipment,17 some respondents who applied for government
funding may already be incorporating these technologies into
their practice to offset financial losses.

Trends in Interventional Management of Stroke
Two questions in our survey focused on the effect of the pandemic
on neurosurgeons’ involvement in stroke management. While most
respondents were not involved in stroke management, a majority of
those who were involved described decreased stroke and mechan-
ical thrombectomy volume. These findings align with most existing
data.18-21 However, other analyses revealed stable proportions of
patients with stroke requiring revascularization,22 elevated numbers
of neurovascular emergencies,23 and nonsignificant increases in the
number of thrombectomies performed during the pandemic.24 All
of these observed variations in stroke care appear to contrast the
principle that clinical care in neurovascular emergencies should
remain consistently available, regardless of patient demographics,
socioeconomic status, or changing community regulations. While
our analysis cannot directly explain these variations, we propose
that the COVID-19 pandemic has placed significant strain on
existing imaging and transportation resources, which could
perpetuate substantial delays in stroke care. Additionally, wide-
spread public concern regarding the pandemic has motivated pa-
tients to delay medical care to avoid contracting COVID-19, which
would diminish observed stroke volume and thrombectomy case
numbers. It is clear that the pandemic will influence the future of
neurosurgical stroke care, and neurosurgeons must continue to
optimize inpatient stroke treatment pathways and encourage public
awareness of stroke symptoms, as patients with COVID-19 can
present with acute ischemic stroke.6,25 As we plan follow-up survey
analyses, we will incorporate additional questions related to
observed changes in stroke care pathways and mechanical throm-
bectomy volume.

Limitations and Future Directions
While we provide novel data regarding the financial impact of the
COVID-19 pandemic on the neurosurgery community, our analysis
is not without limitations. Given the uncertain duration and
severity of the pandemic, we prioritized prompt distribution of the
survey to capture responses, so the survey did not undergo psy-
chometric validation before distribution. Additionally, a primary
limitation of our analysis is the low survey response rate (5.1%).
The low response rate may be attributable to several factors.
www.journals.elsevier.com/world-neurosurgery e5
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Negatively affected respondents may be apt to respond to a survey
dedicated to quantifying and understanding the pandemic’s con-
sequences. Alternatively, respondents most affected by the
pandemic may have the least amount of time and resources to
dedicate to the survey. As the survey responses are anonymous, we
cannot identify specific characteristics of nonrespondents versus
respondents, but the low response rate predisposes our conclu-
sions to sampling bias. This impacts whether our conclusions
accurately represent the concerns and experiences of practicing
neurosurgeons in the United States. As such, we attempt to pre-
sent our results as a snapshot of trends in the field at a particular
point in time.
Despite the myriad limitations associated with a low response

rate, our overall volume of respondents (N ¼ 267), with comparable
distribution across geographic regions, lends credence to our
findings. We attempted to encourage a robust response by
including a reminder e-mail 1 week after distribution of the survey,
the wide distribution of the survey allowed us to incorporate the
experiences of 267 respondents, and we designed a comparatively
short survey (19 questions) to assess specific indicators of financial
stability. However, we did not include questions that further strat-
ified respondent demographics, such as practice type, practice size,
subspecialty, and surgeon experience level. We plan follow-up
survey analyses, with specific questions designed to address these
variables, using CSNS and AANS data to further characterize the
financial impact of the COVID-19 pandemic. We will also account
for the potential correlation between geographic location and
clinical reassignment, given that changing state and federal regu-
lations can influence the rate of COVID-19 infections in different
locations. Additionally, we will plan our follow-up analyses to
evaluate changes in the pandemic’s evolving effect on patient care
and neurosurgery practice as COVID-19 vaccination becomes readily
available and shelter-in-place and social distancing measures are
lifted. For these follow-up surveys, we will use a similar method-
ology with more frequent reminder e-mails and a longer time
period for response, which will supplement our overall response
rate. Despite the above-mentioned limitations, this study confirms
financial uncertainty within the neurosurgery community brought
on by the pandemic. Most neurosurgeons experienced decreases in
compensation, without accompanying decreases in practice
expenses, and it is unclear when prepandemic levels of financial
security will return. Many neurosurgeons are unsure of whether
their institution applied for government-funded assistance, which
exacerbates this uncertainty.

CONCLUSIONS

We present a preliminary analysis that clarifies the financial
impact of the COVID-19 pandemic on neurosurgery practice.
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Survey respondents across the United States reported decreases in
patient volume, procedural volume, and compensation despite
stable practice expenses. Neurosurgeons in the Northeast experi-
enced significantly greater decreases in procedural volume and
rates of reassignment to nonneurosurgical care duties. Further
study is necessary to follow the long-term economic impact of the
pandemic, to clarify how different practice structures are affected,
and to evaluate how regional differences in financial impact vary
as case distributions fluctuate. The effect of the COVID-19
pandemic on health care delivery and economics continues to
evolve, and it is imperative that the neurosurgery community
continues to dedicate time, resources, and effort to protecting
patients and health care providers during this time.
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SUPPLEMENTARY DATA
COVID-19 Financial Impact Survey

Q1 – Please estimate the percentage decrease in patients who have seen in the outpatient clinic / 

ER per week since the COVID epidemic began.

- 1 – 10% decrease

- 11 – 25% decrease

- 25 – 50% decrease

- 51 – 75% decrease

- 76 – 99% decrease

- I am not seeing any patients in clinic or ER

- My volume has increased since the COVID epidemic began

Q2 – Please estimate the percentage decrease in procedure volume per week since the COVID 

epidemic began.

- 1 – 10% decrease

- 11 – 25% decrease

- 25 – 50% decrease

- 51 – 75% decrease

- 76 – 99% decrease

- I have completely stopped my operative practice

- My operative volume has increased since the COVID epidemic began

Q3 – Did your hospital/institution/employer/group apply for any government-funded assistance 

programs?

- Yes

- No

- Unsure

Q4 – Does your hospital/institution/employer/group have a plan or a goodwill promise to pay 

back the government assistance?

- Yes

- No

- Unsure

Q5 – How much reduction in your salary or benefits have you seen due to COVID-related 

issues?

- 1 – 10%

- 11 – 25%

- 26 – 50%

- 51 – 75%

- 76 – 99%

- 100%

- I have not seen any reduction to my salary or benefits

Q6 – If you have not seen any reduction to your salary or benefits, do you expect to see some 

reduction in the future?

- Yes

- Maybe

- No

Supplementary Figure 1. Electronic survey.
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Q7 – How has COVID affected your practice expenses/overhead? 

- My expenses/overhead have not changed 

- My expenses/overhead have increased 

- My expenses/overhead have decreased 

 

Q8 – Do you believe your professional compensation/benefits will NOT be significantly affected 

in 2020 related to COVID issues? 

- Yes 

- No 

 

Q9 – If you have taken a paycut or will be taking a paycut, have you been informed when your 

hospital/institution/employer/group anticipate resuming your salary/payment to your retirement 

benefits 

- Yes 

- No 

 

Q10 – Were you or other neurosurgery colleagues (surgeon partners, NPs/Pas) redeployed to 

cover other non-neurosurgical services (i.e. spine surgeon involuntarily reassigned to work in a 

COVID ICU and therefore unable to do spine surgery)? 

- Yes 

- No 

 

Q11 – If you or your employees (NPs/Pas, etc.) were redeployed to cover other non-

neurosurgical services (see above question), were you financially compensated for this? 

- Yes, at a higher rate than my normal salary/pay 

- Yes, at a rate similar to my normal salary/pay 

- Yes, but at a rate significantly below my normal salary/pay 

- No, no financial compensation was offered 

 

Q12 – How concerned are you about the negative long-term effects of the COVID epidemic on 

physician compensation? 

- Very concerned 

- Moderately concerned 

- Not really concerned 

 

Q13 – How has the COVID epidemic affected your clerical staff (consider number of staff, time 

and availability of staff, furloughs, etc.)? 

- No reduction 

- 1 – 10% reduction 

- 11 – 25% reduction 

- 26 – 50% reduction 

- 51 – 75% reduction 

Supplementary Figure 1. (Continued).
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- 76 – 99% reduction

- 100% reduction

- I have increased my clerical staff during the epidemic

Q14 – How has the COVID epidemic affected your nursing staff (consider number of staff, time 

and availability of staff, furloughs, etc.)?

- No reduction

- 1 – 10% reduction

- 11 – 25% reduction

- 26 – 50% reduction

- 51 – 75% reduction

- 76 – 99% reduction

- 100% reduction

- I have increased my nursing staff during the epidemic

Q15 – How has the COVID epidemic affected your midlevel (NPs/PAs/etc.) staff (consider 

number of staff, time and availability of staff, furloughs, etc.)?

- No reduction

- 1 – 10% reduction

- 11 – 25% reduction

- 26 – 50% reduction

- 51 – 75% reduction

- 76 – 99% reduction

- 100% reduction

- I have increased my midlevel staff during the epidemic

Q16 – Have you had to lay off any of your clerical or nursing staff directly due to the COVID 

epidemic?

- Yes

- No

- Not yet, but I expect to in the future

Q17 – How has the COVID epidemic affected your physician (surgeon) staff (consider number 

of staff, time and availability of staff, furloughs, etc.)?

- No reduction

- 1 – 10% reduction

- 11 – 25% reduction

- 26 – 50% reduction

- 51 – 75% reduction

- 76 – 99% reduction

- 100% reduction

- We have not adjusted the number of surgeons in our practice

Q18 – Please estimate the percentage decrease in stroke volume per week since the COVID-19 

epidemic began.

- 1 – 25% reduction

- 26 – 50% reduction

- 51 – 75% reduction

- 76 – 99% reduction

- Not applicable / I am not involved in the care of stroke

- Stroke volume has increased

Q19 – Please estimate the percentage decrease in mechanical thrombectomy volume per week 

since the COVID-19 epidemic began.

- 1 – 25% reduction

- 26 – 50% reduction

- 51 – 75% reduction

- 76 – 99% reduction

- Not applicable / I am not involved in the care of stroke

- Mechanical thrombectomy volume has increased

Supplementary Figure 1. (Continued).
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