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Abstract

Purpose The coronavirus disease 2019 (COVID-19) pandemic has led to significant disruptions in the healthcare system
including surges of infected patients exceeding local capacity, closures of primary care offices, and delays of non-emergent
medical care. Government-initiated measures to decrease healthcare utilization (i.e., “flattening the curve”) have included shelter-
in-place mandates and social distancing, which have taken effect across most of the USA. We evaluate the immediate impact of
the Public Health Messaging and shelter-in-place mandates on Emergency Department (ED) demand for radiology services.
Methods We analyzed ED radiology volumes from the five University of California health systems during a 2-week time period
following the shelter-in-place mandate and compared those volumes with March 2019 and early April 2019 volumes.

Results ED radiology volumes declined from the 2019 baseline by 32 to 40% (p < 0.001) across the five health systems with a total
decrease in volumes across all 5 systems by 35% (p < 0.001). Stratifying by subspecialty, the smallest declines were seen in non-trauma
thoracic imaging, which decreased 18% (p value < 0.001), while all other non-trauma studies decreased by 48% (p < 0.001).
Conclusion Total ED radiology demand may be a marker for public adherence to shelter-in-place mandates, though ED chest
radiology demand may increase with an increase in COVID-19 cases.
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Introduction

Electronic supplementary material The online version of this article The coronavirus disease 2019 (COVID-19) is an infectious

(https:/doi.org/10.1007/s10140-020-01797-y) contains supplementary disease caused by the Severe Acute Respiratory Syndrome
material, which is available to authorized users. Coronavirus 2 (SARS-CoV-2) [1]. The first reported cases
were diagnosed in Wuhan, China, in December 2019. Rapid
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except as needed to maintain continuity of operation of the
federal critical infrastructure sectors” [5]. The San Francisco
and Bay area of California undertook a similar shelter-in-place
mandate on March 16, 2020. Despite these self-isolation
guidelines, COVID-19-related resource usage is still projected
to peak around May 2020 in some US states [6].

Emergency Departments (EDs) have been a focal point in
the discussion regarding healthcare utilization, with a 2006 sur-
vey demonstrating a 36% increase in ED utilization over a 10-
year period (1996-2006) [7]. ED wait times and crowding have
prompted substantial research into understanding the trends of
ED usage and the impact on patient safety and public health [8,
9]. The ability to model the ED census is crucial to enhance
operational efficiency and to develop hospital management
strategies allowing optimal healthcare resource allocation [10].

At the same time, anecdotal preliminary data has shown
that radiology practices should see a 50-70% decrease in
study volume that will last for at least 3—4 months as the social
distancing orders and suspension of activities have reduced
the number of traumas including traffic collisions and violent
crime [11]. Stay-at-home orders have also minimized the
spread of other communicable diseases such as the flu. In
addition, fear of contracting the coronavirus has also de-
creased admission rates for common emergencies such as
strokes and heart attacks [12]. Previous reports state that the
COVID-19 pandemic is expected to alter Radiology practices
both in the short- and long-term, including longer workdays
and staggered shifts to meet demand [11].

The objective of this article is to review the immediate impact
of COVID-19-related shelter-in-place public health measures on
the demand for ED radiology services. This review assesses ED
radiological study volumes during the shelter-in-place time peri-
od as an initial forecast for improved radiology resource utiliza-
tion, in anticipation of evolving healthcare resource allocation
needs due to the COVID-19 pandemic.

Methods:

All five of the University of California Health Centers with
academic radiology programs—San Francisco, Davis, Los
Angeles, Irvine, and San Diego (UCSF, UCD, UCLA, UCI,
and UCSD, respectively)—participated in this study. These
health centers are tertiary-level teaching medical centers with
busy emergency departments. UCD, UCLA, UCI, and UCSD
also serve as regional level 1 trauma centers. Each health center
enumerated all radiological studies ordered from their
Emergency Departments, utilizing a variety of tools including
mPower Clinical Analytics (Nuance, Burlington, MA),
Tableau (Salesforce, San Francisco, CA) with a homegrown
radiology data warehouse, and the Epic Systems (Verona,
WI) electronic health record software. The daily volumes of
ED radiologic examinations were assessed for the following
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periods: March 4, 2019 (first Monday in March 2019) to
April 4, 2019 (first Thursday in April 2019); March 19, 2020
(first day of statewide shelter-in-place) to April 2, 2020. The
dates in 2019 were chosen to account for weekday and week-
end variability of our control (2019) cohort to the post shelter-
in-place cohort. Descriptive statistics and unpaired # tests on
SPSS (IBM, Anrock, NY) were performed to compare mean
daily volumes from 2019 and the 2 weeks following the
shelter-in-place mandate on March 19 to April 2, 2020.

All modalities including magnetic resonance imaging, com-
puted tomography, radiography, fluoroscopy, and ultrasonog-
raphy were assessed. Nuclear medicine and interventional stud-
ies ordered from the ED were negligible (< 0.2%), and so were
excluded. Study volumes were stratified by subspecialty except
for UCLA, where this information was unavailable. Data from
UCLA, UCI, and UCD were further stratified as trauma or non-
trauma studies. Trauma status was unavailable for UCSD;
UCSF Health hospitals do not include trauma centers.

Investigations were compliant with IRB policies at each
campus. Please see Appendix A for details.

Results

Daily radiology study volumes from all UC health centers de-
creased from March 19 to April 2, 2020 compared with March
and early April in 2019 daily volumes. The decrease in daily ED
Radiology volume ranged from 32-40% with (p < 0.001 for
each campus) (Fig. 1) with a total decrease in volume across
all 5 systems by 35% (p < 0.001). While study volumes for each
subspecialty significantly decreased in 2020 compared with that
of 2019 (p < 0.001), the magnitude of decrease varied by sub-
specialty. Chest study volume only decreased by 19% compared
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Fig. 1 Daily mean ED study volumes significantly decreased at all five
UC medical centers during the 2 weeks following the government-
mandated shelter-in-place order compared with 2019 baseline. Error bars
represent 95% confidence intervals
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with decreases of 53% for ultrasound, 36% for abdominal, 46%
for musculoskeletal, and 38% for neuroradiology (Fig. 2).

Overall trauma-related ED imaging volume decreased by
30% aggregated for Irvine, Los Angeles and Davis (p <
0.001). The non-trauma chest subspecialty volumes decreased
by 18% (p < 0.001) when compared with baseline 2019. All
other non-trauma studies excluding chest decreased by 48% (p
< 0.001) when compared with baseline 2019 (Fig. 3).

Discussion

Radiologic study volumes in the ED decreased after statewide
shelter-in-place orders were announced in California in com-
parison with baseline daily mean volumes from 2019.
Decreased ED study volumes may be a marker for the success
of public health messaging regarding the morbidity and mor-
tality of COVID-19 as well as state-mandated shelter-in-place
protocols, which were enacted in part to reduce patient load on
healthcare facilities. The similar data from multiple tertiary
teaching hospitals in California show a statistically significant
decrease in overall ED radiologic studies for the first week
after the mandated self-isolation restriction compared with a
time-matched control 1 year prior.

Both total- and trauma-related mean daily study volumes
showed a statistically significant decline compared with our
time-matched control (32% and 30% respectively). Due to
social distancing and the temporary closure of non-essential
businesses, we hypothesize that fewer people are venturing
outdoors and driving, resulting in fewer accidents and risky
or hazardous behaviors that can lead to trauma.

Given that COVID-19 is a respiratory illness, unsurprisingly,
the non-trauma chest study volumes decreased the least
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Fig. 2 Daily mean ED study volumes by subspecialty aggregated for all
five UC medical centers significantly decreased during the 2 weeks
following the government-mandated shelter-in-place order compared
with 2019 baseline. Error bars represent 95% confidence intervals
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Fig. 3 Daily mean ED non-trauma chest and all other non-trauma vol-
umes aggregated across four UC medical centers (UCSF, UCD, UCLA,
UCI), significantly decreased by 18% and 48% respectively during the 2
weeks following the 2 weeks following the government-mandated
shelter-in-place order compared with 2019 baseline. Error bars represent
95% confidence intervals

compared with other non-trauma subspecialties (18% vs. 48%).
The lesser decline in chest imaging volumes is likely due to
raised public awareness of COVID-19 respiratory consequences.
Additionally, patients with respiratory symptoms, who would
under normal circumstances have stayed home, may now present
to the ED to be screened. Moreover, emergency medicine pro-
viders are on high alert for COVID-19, and patients presenting to
the ED with respiratory symptoms might be more likely to re-
ceive chest imaging given this heightened awareness.

Accurately forecasting the demand for healthcare resources
is a complex process involving many variables. These forecasts
can be utilized in staffing, space, and equipment models for
resource utilization across a healthcare system [13]. Our data
shows a consistent decrease in ED radiologic studies across
multiple academic tertiary institutions following statewide
government-mandated self-isolation protocol and consistent
decreases in trauma imaging volumes, suggesting decreased
demands on the emergency healthcare system. This decrease
in non-COVID-19-related utilization may mitigate some of the
increased demands on the system from COVID-19.

Initial forecasting based on this data suggests that while the
mandated isolation protocols are in place and rates of infection
in the surrounding communities are low, ED utilization of
radiology services may remain lower than prior years, includ-
ing trauma volume. In communities with high prevalence of
COVID-19, chest imaging utilization may increase. While the
decrease in trauma imaging utilization likely reflects a true
decrease in the underlying trauma volumes, decreases in
non-trauma imaging utilization require more complex analy-
sis. We would not expect a true decrease in the symptoms or
severity of the variety of general medical conditions that lead
to ED visits, such as bowel obstruction, appendicitis and other
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acute inflammatory processes, and stroke. Thus, the decrease in
non-trauma utilization may mean that patients who otherwise
would have presented to the ED are not presenting, perhaps for
fear of contagion. Additionally, given the historical rise in the
unemployment rate [14], many people have lost their employer-
sponsored health insurance, and may not be presenting to the ED
for both lack of health insurance coverage and financial reasons
related to job loss. These patients may present in the near future
with more advanced symptoms and underlying pathologies than
in the past. Continuous monitoring of volumes and disease se-
verity upon ED presentation will be important in predicting de-
mand for radiology services and understanding the secondary
effects of shelter-in-place orders.

Our work is an initial analysis of ED radiology vol-
umes from a short period of time. As such, it is limited
in scope. There is a limitation due to variations in year
over year radiology volumes, which may be superimposed
on the COVID-19-related changes to the ED radiology
volumes. However, for the past 3 years, 4 of the 5 UCs
have reported average volume increases ranging from 5 to
10%/year. Our comparison with last year’s volumes does
not assume any growth, and as such, this limitation likely
biases our reported volume decreases to be smaller rather
than larger. Another limitation in our study may be related
to variability in shelter-in-place policies by region. San
Francisco and the Bay area of California began shelter-
in-place protocols 3 days prior to the rest of California,
and this may have affected the demand for ED radiology
services differently than at the other health centers. We
also did not measure daily ED radiology volumes in
March for other years besides 2019 to assess for year to
year volume variations and trajectories. We did not assess
ED visit volumes during the timespan of our study and
cannot make correlations between ED radiology volumes
and ED visit volumes. We also do not account for the
amount of regional COVID cases present during our
study, which would have a powerful potential impact on
the number of patients presenting to the ED and requiring
radiology services.

While the literature contains forecasting models for
predicting healthcare demand, none addresses demand
for radiology services in situations similar to the current
COVID-19 pandemic and self-isolation measures.
Continued evaluation of radiology utilization over the
next few weeks to months is needed to improve fore-
casting capabilities and accuracy. Another important
follow-up study will be to evaluate the number of pa-
tients with more advanced symptoms and pathologies
that present in the future after the public health crisis.
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