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Emergency medicine is a specialty which closely reflects societal challenges and consequences of public policy
decisions. The emergency department specifically deals with social injustice, health and economic disparities,
violence, substance abuse, and disaster preparedness and response. This journal focuses on how emergency
care affects the health of the community and population, and conversely, how these societal challenges affect the
composition of the patient population who seek care in the emergency department. The development of better
systems to provide emergency care, including technology solutions, is critical to enhancing population health.
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Increasingly, the lay and academic press has blurred the titles
and roles of those who deliver various aspects of healthcare.

This development confuses patients and fails to acknowledge the
substantial differences in training and clinical experience.!

Therefore, beginning with the next issue, the Western
Journal of Emergency Medicine will no longer publish the
term “provider” in reference to physicians except as required to
reference specific laws or formal program names. The decision
to formally and publicly expunge a term from our written
language should not be — and was not —taken lightly. Yet the
evidence overwhelmingly supports the scientific and professional
obligation of the Journal to accurately and respectfully refer
to healthcare professionals of all degree types and roles. As we
strive to phase out use of this term, we encourage other journals
to do the same.

Medical journals must promote research that is clearly
reported and replicable. Yet the term “provider’” has no formal
definition other than a person or entity who/that qualifies
for payment from Medicare or Medicaid.? It has been used
in the literature to refer to institutions, physicians, physician
assistants, nurse practitioners, emergency medical services
personnel, midwives, dieticians, nurse anesthetists, pharmacists,
and others. Research in manuscripts that use the term is
neither clearly reported nor replicable across the differences
in education, role and scope of the individuals. This is
particularly important when reporting the sensitivity/specificity
characteristics of diagnostic tests, especially involving operators
with various levels of training. Point-of-care ultrasound is one
such example.

Medical journals also report educational content that
informs patient care. Thus, accurate and precise titles that reflect
previous education are necessary. Use of the generic term
“provider” when teaching medicine, nursing, physical therapy,
and other healthcare facets blurs the composition of the medical
team and its members. The term’s use may also contribute to
postgraduate trainee burnout by devaluing both commitment to
and duration of education.?

Spoken language in research and clinical settings evolves
and is driven by the written word of medical journals.* As
a result, these journals bear a responsibility to foster
appropriate, professional language. It is clear that many
physicians dislike the term “provider.”>*!° Moreover, as a
profession, multiple medical societies have formally called for
removal of the term in reference to physicians,'!"'* and medical
journals should reflect such professional standards.

WestJEM is not the first medical journal to adopt this policy,
but it has been at least 20 years since the first journal did, even as
its use increases.’ A simple PubMed search showed that the term
was used in more than 7000 peer-reviewed manuscripts in 2020
alone (personal search by AWP on June 18, 2021, for the term
“provider” in all fields at https://pubmed.ncbi.nlm.nih.gov), the
peak of an upward trend over the last decade. Medical journals
worldwide must make a conscious decision to remove the word
from manuscripts if the trend is to be reversed.

We hope that our formal commitment and rationale for
this decision encourages other medical journals and authors
to sunset the term “provider” in reference to physicians, and
better clarify the roles of other clinicians in academic writing.
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The UN General Assembly in September 2021 will bring
countries together at a critical time for marshalling collective
action to tackle the global environmental crisis. They will
meet again at the biodiversity summit in Kunming, China,
and the climate conference (COP26) in Glasgow, UK. Ahead
of these pivotal meetings, we—the editors of health journals
worldwide—call for urgent action to keep average global
temperature increases below 1.5°C, halt the destruction of
nature, and protect health.

Health is already being harmed by global temperature
increases and the destruction of the natural world, a state of affairs
health professionals have been bringing attention to for decades.!
The science is unequivocal; a global increase of 1.5°C above the
pre-industrial average and the continued loss of biodiversity risk
catastrophic harm to health that will be impossible to reverse.>?
Despite the world’s necessary preoccupation with COVID-19, we
cannot wait for the pandemic to pass to rapidly reduce emissions.

Reflecting the severity of the moment, this editorial
appears in health journals across the world. We are united in
recognising that only fundamental and equitable changes to
societies will reverse our current trajectory.

The risks to health of increases above 1.5°C are now
well established.? Indeed, no temperature rise is “safe.” In the
past 20 years, heat related mortality among people aged over
65 has increased by more than 50%.* Higher temperatures
have brought increased dehydration and renal function loss,
dermatological malignancies, tropical infections, adverse
mental health outcomes, pregnancy complications, allergies,
and cardiovascular and pulmonary morbidity and mortality.>
Harms disproportionately affect the most vulnerable, including
among children, older populations, ethnic minorities, poorer
communities, and those with underlying health problems.>*

Global heating is also contributing to the decline in global
yield potential for major crops, falling by 1.8-5.6% since
1981; this, together with the effects of extreme weather and
soil depletion, is hampering efforts to reduce undernutrition.*
Thriving ecosystems are essential to human health, and the
widespread destruction of nature, including habitats and
species, is eroding water and food security and increasing the
chance of pandemics.>"#

The consequences of the environmental crisis fall
disproportionately on those countries and communities
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that have contributed least to the problem and are least

able to mitigate the harms. Yet no country, no matter how
wealthy, can shield itself from these impacts. Allowing the
consequences to fall disproportionately on the most vulnerable
will breed more conflict, food insecurity, forced displacement,
and zoonotic disease—with severe implications for all
countries and communities. As with the covid-19 pandemic,
we are globally as strong as our weakest member.

Rises above 1.5°C increase the chance of reaching tipping
points in natural systems that could lock the world into an
acutely unstable state. This would critically impair our ability
to mitigate harms and to prevent catastrophic, runaway
environmental change.>!°

Global Targets Are Not Enough

Encouragingly, many governments, financial institutions,
and businesses are setting targets to reach net-zero emissions,
including targets for 2030. The cost of renewable energy is
dropping rapidly. Many countries are aiming to protect at least
30% of the world’s land and oceans by 2030."!

These promises are not enough. Targets are easy to set and
hard to achieve. They are yet to be matched with credible short
and longer term plans to accelerate cleaner technologies and
transform societies. Emissions reduction plans do not adequately
incorporate health considerations.'? Concern is growing that
temperature rises above 1.5°C are beginning to be seen as
inevitable, or even acceptable, to powerful members of the global
community.'® Relatedly, current strategies for reducing emissions
to net zero by the middle of the century implausibly assume that
the world will acquire great capabilities to remove greenhouse
gases from the atmosphere.'*!

This insufficient action means that temperature increases
are likely to be well in excess of 2°C,¢ a catastrophic outcome
for health and environmental stability. Critically, the destruction
of nature does not have parity of esteem with the climate
element of the crisis, and every single global target to restore
biodiversity loss by 2020 was missed.!” This is an overall
environmental crisis.'®

Health professionals are united with environmental scientists,
businesses, and many others in rejecting that this outcome is
inevitable. More can and must be done now—in Glasgow and
Kunming—and in the immediate years that follow. We join
health professionals worldwide who have already supported calls
for rapid action.!*!

Equity must be at the centre of the global response.
Contributing a fair share to the global effort means that
reduction commitments must account for the cumulative,
historical contribution each country has made to emissions, as
well as its current emissions and capacity to respond. Wealthier
countries will have to cut emissions more quickly, making
reductions by 2030 beyond those currently proposed®*! and
reaching net-zero emissions before 2050. Similar targets and
emergency action are needed for biodiversity loss and the wider
destruction of the natural world.

To achieve these targets, governments must make
fundamental changes to how our societies and economies
are organised and how we live. The current strategy of
encouraging markets to swap dirty for cleaner technologies
is not enough. Governments must intervene to support
the redesign of transport systems, cities, production and
distribution of food, markets for financial investments,
health systems, and much more. Global coordination is
needed to ensure that the rush for cleaner technologies does
not come at the cost of more environmental destruction and
human exploitation.

Many governments met the threat of the COVID-19
pandemic with unprecedented funding. The environmental
crisis demands a similar emergency response. Huge
investment will be needed, beyond what is being considered
or delivered anywhere in the world. But such investments will
produce huge positive health and economic outcomes. These
include high quality jobs, reduced air pollution, increased
physical activity, and improved housing and diet. Better air
quality alone would realise health benefits that easily offset the
global costs of emissions reductions.?

These measures will also improve the social and
economic determinants of health, the poor state of which
may have made populations more vulnerable to the
COVID-19 pandemic.? But the changes cannot be achieved
through a return to damaging austerity policies or the
continuation of the large inequalities of wealth and power
within and between countries.

Cooperation Hinges on Wealthy Nations Doing More

In particular, countries that have disproportionately created
the environmental crisis must do more to support low and middle
income countries to build cleaner, healthier, and more resilient
societies. High income countries must meet and go beyond their
outstanding commitment to provide $100bn a year, making up for
any shortfall in 2020 and increasing contributions to and beyond
2025. Funding must be equally split between mitigation and
adaptation, including improving the resilience of health systems.

Financing should be through grants rather than loans,
building local capabilities and truly empowering communities,
and should come alongside forgiving large debts, which
constrain the agency of so many low income countries.
Additional funding must be marshalled to compensate for
inevitable loss and damage caused by the consequences of the
environmental crisis.

As health professionals, we must do all we can to aid the
transition to a sustainable, fairer, resilient, and healthier world.
Alongside acting to reduce the harm from the environmental
crisis, we should proactively contribute to global prevention of
further damage and action on the root causes of the crisis. We
must hold global leaders to account and continue to educate
others about the health risks of the crisis. We must join in the
work to achieve environmentally sustainable health systems
before 2040, recognising that this will mean changing clinical

Western Journal of Emergency Medicine

1026

Volume 22, No. 5: September 2021



Atwoli et al.

Call for Emergency Action on Climate Change

practice. Health institutions have already divested more than
$42bn of assets from fossil fuels; others should join them.*

The greatest threat to global public health is the continued
failure of world leaders to keep the global temperature rise
below 1.5°C and to restore nature. Urgent, society-wide
changes must be made and will lead to a fairer and healthier
world. We, as editors of health journals, call for governments
and other leaders to act, marking 2021 as the year that the
world finally changes course.
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Introduction: The novel coronavirus disease 2019 (COVID-19) created challenges with access to care
including increased burden on healthcare systems and potential exposure risks for vulnerable patients.
To address these needs, Rush University Medical Center created a virtual, urgent care program
specifically designed to address these challenges during the COVID-19 pandemic.

Methods: This was a retrospective study analyzing adult patients with COVID-19-related telemedicine
visits performed between March 1—June 30, 2020. COVID-19-related telemedicine visits refer to those

who used the “Concern for Coronavirus” module. We assessed the total number of telemedicine visits

using this module, percentage with a subsequent emergency department (ED) visit within seven days,

and outcomes (ie, hospitalization status, intubation, and death) of patients who presented to the ED for
evaluation. Data are presented using descriptive statistics.

Results: A total of 2,974 adult patients accessed the program via the COVID-19 module over the four-
month period. Of those, 142 patients (4.8%) had an ED visit within seven days. Only 14 patients (0.5%)
required admission. One patient was intubated, and there were no deaths among the telemedicine
population.

Conclusion: The data suggests that telemedicine may be a safe and effective way to screen and
treat patients with possible COVID-19, while reducing potential burdens on EDs. [West J Emerg Med.
2021;22(5):1028—-1031.]

INTRODUCTION plans to invest in telehealth; however, most cited that their
At the time of submission, there were 17 million cases of major barriers were reimbursement and licensure issues.°

coronavirus disease 2019 (COVID-19)! in the United States For states without reimbursement parity, telehealth services

alone.” This has led to increased emergency department (ED)  could not compare to reimbursement from in-person care.

visits and hospital admissions.® Telemedicine has emerged [llinois did not have significant telehealth coverage prior to
as one avenue to increase capacity for medical care during 2019. Rush University Medical Center sought to increase
this pandemic. Previously, data has been inconsistent on the  telehealth access with a particular focus on COVID-19 upon
clinical and cost effectiveness of telemedicine.** In 2018, implementation of state and federal parity allowances during
83% of surveyed healthcare system executives reported the pandemic.”®
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In this study we sought to determine specific utilization
of our virtual urgent care platform Rush University Medical
Center, for COVID-19-related presentations during a four-
month period. Additionally, we sought to describe subsequent
outcomes with regard to ED visits within seven days, including
admissions, intubations, and death among this population.

METHODS
Study Design and Participants

This was a retrospective, observational study analyzing all
Rush University Medical Center “Concern for Coronavirus”
video visits performed at Rush University Medical Center.
Rush University Medical Center is a quaternary-care healthcare
system in the Midwest, which includes three hospitals
comprising one academic medical center with an annual ED
volume of 72,000 patients/year and two community hospitals
with a combined annual ED volume of 130,000 patients/year.
We included all adult patients (defined as age > 18 years)
who used a “Concern for Coronavirus” video visit with a
licensed provider between March 1-June 30, 2020. The start
date was selected to coincide with when the first patient in our
region presented.” While the Rush University Medical Center
telemedicine program has been present since August 19, 2019, it
was significantly expanded on March 5, 2020, to accommodate
the increasing number of potential COVID-19 patients that
could present to the ED or clinics with their concerns. This
study was deemed exempt by the Rush University Medical
Center Institutional Review Board.

Data Collection

We obtained data from an analytics dashboard created by
the institution’s knowledge management team that extracts
discrete data from our electronic health record (Epic Systems
Corporation, Verona, WI). We also collected summative
response data from satisfaction surveys distributed to patients
routinely after their video visits and determined the number of
detractors (score 0-6), passives (score 7 or 8), and promoters
(9 or 10). We determined the Net Promoter Score (Satmetrix,
Inc., Redwood, CA; Bain & Company, Inc. and Fred
Reichheld) by subtracting the percentage total of detractors
from the percentage total of promoters.

We extracted data from all telemedicine visits using
the “Concern for Coronavirus” module. We subsequently
extracted data on patients who had an ED visit within seven
days of their video visit. Chart reviews were performed in
accordance with best practice guidelines.!'

We trained two investigators on data extraction and
provided a list of variables with a codebook of definitions.
One investigator extracted all data into a pre-designed and
pre-piloted worksheet. A second investigator independently
abstracted 15% of the charts to assess accuracy. The kappa
between chart abstractors was 0.89 (95% confidence interval
[CI], 0.74, 1.00). Any discrepancies were resolved by a third
abstractor. We abstracted the following data: age; gender;

race; smoking status; comorbidities; COVID-19 testing; date
of telemedicine visit; data of ED visit; whether the patients
were hospitalized; hospitalization status (eg, observation,
general medical floor, intensive care unit); whether they were
intubated during the hospitalization; and whether they died
during the hospitalization.

Statistical Analyses

We presented continuous data as mean with standard
deviation (SD). Categorical data were presented as number
and percentage. We analyzed all data with Microsoft Excel
version 16.35 (Microsoft Corporation, Redmond, WA).
Cohen’s kappa was calculated for the dual extraction using
SPSS version 26 (IBM Corp., Armonk, NY).

RESULTS

A total of 2,974 adult patients accessed the Rush
University Medical Center telemedicine platform via the
“Concern for Coronavirus” module. Of these, 142 patients
(4.8%) had an ED visit within seven days and 14 patients
(0.5%) required admission. One patient was intubated, and
there were no deaths. Table 1 provides a summary of the basic
demographics for the patients.

Of those who completed a telemedicine visit, 149 (4.2%)
completed a post-visit survey (Table 2). The mean scoring
on a 10-point Net Promoter question was 9.6/10.0 (SD: 1.1)
demonstrating a Net Promoter Score of 8§9.9%, suggesting
very high levels of patient satisfaction. Additionally, 89.9%
felt their care was equal to or better than in-person care. Of
importance, a substantial number of patients would have
alternatively sought in-person care.

DISCUSSION

Telemedicine has arisen as an additional modality to
expand care during the COVID-19 pandemic. While the role
of telemedicine continues to expand within medical care, the
COVID-19 pandemic provided a unique situation to assess
this expansion. Our study demonstrated that telemedicine
was able to scale operations quickly to and provide care to
a substantial number of patients with a low rate of total ED
presentations. As most primary care offices in our system had
more limited access during this time, these represent potential
ED visits that were successfully managed using telemedicine
with only 142 ED presentations. In fact, nearly 35% of
surveyed patients reported they would have come to the ED.
Ultimately, only 0.5% of all COVID-19-related telemedicine
patients were subsequently hospitalized after their
telemedicine visit. While it cannot be confirmed, this suggests
that the telemedicine visits were able to address the patient’s
COVID-19-related concerns while potentially reducing the
burden and potential exposure to ED providers.

Many of the survey participants also stated that their care
was equal to or better than in-person care. This is consistent
with other studies of telemedical care demonstrating high
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Table 2. Patient satisfaction with telemedicine visit.

Table 1. Demographics of patients who used telemedicine.

Demographic

Number (%)

Age
18-44
45-65
> 65
Gender
Female
Male
Unknown
Race
White
Black or African American
Asian
American Indian or Alaska Native
Native Hawaiian or other Pacific Islander
Other
Unknown
Smoking Status
Never Smoker
Former Smoker
Current Smoker
Unknown
Presence of co-morbidities
Distinct patients with asthma
Distinct patients with COPD
Distinct patients with Diabetes
Distinct patients with hyperlipidemia
Distinct patients with hypertension
Distinct patients with CAD
Distinct patients with CHF
COVID-19 Evaluation
Distinct patients with a COVID-19 test order

Distinct patients with a COVID-19
positive result

Distinct patients from all patients who used
the “Concern for Coronavirus” module and
were seen in the ED within 14 days of their
video visit.

2,068 (69.5%)
799 (26.9%)
107 (3.6%)

1,863 (62.6%)
1,108 (37.3%)
3(0.1%)

1,198 (40.3%)
723 (24.3%)
121 (4.1%)
14 (0.5%)

7 (0.2%)

571 (19.2%)
163 (5.5%)

1,563 (52.6%)
302 (10.2%)
166 (5.6%)
943 (31.7%)

524 (17.6%)
26 (0.9%)
359 (12.1%)
249 (8.4%)
501 (16.8%)
60 (2.0%)
33 (1.1%)

2,116 (71.1%)
652 (21.9%)

296 (10.0%)

Patient satisfaction survey

Numbers (%)

Alternate care

Number who would have sought in-person
visit with a doctor

Number who would have sought care at
another healthcare organization

Number who would have sought care with
another video visit vendor

Number who wouldn't have received care

Number who would have gone to Minute
Clinic (eg, CVS, Walgreens)

Number who would have gone to (blinded
for peer review) emergency department or
walk-in clinic

Unanswered

Perception of care

Number who felt care was equal to or better
than in-person care

Number who felt care was worse than in-
person care

Unanswered

Satisfaction scores (0-10)

Number detractors (score 0-6)
Number passives (score 7, 8)
Number promoters (9,10)

38 (25.5%)
9 (6.0%)
10 (6.7%)

20 (13.4%)
11 (7.4%)

52 (34.9%)

9 (6.0%)

134 (89.9%)
9 (6.0%)

6 (4.0%)

1(0.7%)
13 (8.7%)
135 (90.6%)

COPD, chronic obstructive pulmonary disease; CAD, coronary
artery disease; CHF, congestive heart failure; COVID-19, novel
coronavirus disease 2019; ED, emergency department.

patient satisfaction. A recent Press-Ganey study of over 3.5
million telemedicine patients found that virtual visits had
similar patient experience ratings to in-person visits.!! Another
study conducted prior to the COVID-19 pandemic found that
telemedicine patients were less likely to return for additional
evaluation and had higher Press-Ganey satisfaction scores

when compared to fast-track ED patients.'?

Post-pandemic, as the economy continues to struggle,
there may be a rise in demand for more cost-efficient care
via telemedicine. However, the most significant barriers to
adopting a robust telemedicine program include training,
resistance to change, cost, and reimbursement.!® The pandemic
lowered many of these barriers. As clinics closed and access
to in-person medical care became more difficult, the pandemic
forced our hands in adapting newer modalities of healthcare
that previously had been met with skepticism or resistance.
Cost and reimbursement were also addressed by governing
bodies who loosened regulations regarding payment for
telemedicine services.

Of course, telemedicine has limitations in the care it can
render. Outside of requesting patients to self-assess their vitals
with any devices they may own at home (eg, thermometer,
pulse-oximeter), there are restrictions on what patient data can
be obtained. Future consideration in how to better distribute
home monitoring devices to the general public could expand
the usability of this technology.

As we move forward, new technology and infrastructure
must be created to sustain the growth and expansion of
telemedicine. This should be complemented with additional
training for providers. Currently there are no guidelines
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for how telemedicine should be incorporated in resident
education and little to no consistency in healthcare
curriculum regarding telemedicine.'*!* Further study should
assess how best to incorporate this method of healthcare
delivery into residency training.

LIMITATIONS

There are several important limitations to consider in this
study. First, this was a retrospective study at a single healthcare
system in a single region. Patients tended to be younger, and
may not reflect outcomes at other healthcare institutions.
Moreover, our response on post-visit surveys was low, and
it is possible that satisfaction results may have differed if a
larger portion had completed the survey. Finally, patients who
used our telemedicine service may have subsequently sought
care in external EDs; thus, our data may not have captured all
associated ED visits, admissions, or deaths.

CONCLUSION

Our study found that the implementation of telemedicine
during COVID-19 was an effective means of care for patients
concerned about coronavirus disease 2019.
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Introduction: The cumulative burden of coronavirus disease 2019 (COVID-19) on the United States’
healthcare system is substantial. To help mitigate this burden, novel solutions including telehealth
and dedicated screening facilities have been used. However, there is limited data on the efficacy of
such models and none assessing patient comfort levels with these changes in healthcare delivery.
The aim of our study was to evaluate patients’ perceptions of a drive-through medical treatment
system in the setting of the COVID-19 pandemic.

Method: Patients presenting to a drive-through COVID-19 medical treatment facility were surveyed
about their experience following their visit. An anonymous questionnaire consisting of five questions,
using a five-point Likert scale was distributed via electronic tablet.

Results: We obtained 827 responses over two months. Three quarters of respondents believed care
received was similar to that in a traditional emergency department (ED). Overall positive impression
of the drive-through was 86.6%, and 95% believed that it was more convenient.

Conclusion: Overall, the drive-through medical system was perceived as more convenient than the
ED and was viewed as a positive experience. While representing a dramatic change in the delivery
model of medical care, if such systems can provide comparable levels of care, they may be a viable
option for sustained and surge healthcare delivery. [West J Emerg Med. 2021;22(5)1032-1036.]

INTRODUCTION The cumulative burden of the COVID-19 virus on
The coronavirus 2019 (COVID-19) pandemic the US healthcare system is substantial. Complicating the

introduced multiple new stressors on an already struggling
and overburdened healthcare system. At the forefront of the
pandemic, emergency departments (ED) had to absorb this
new load. The sheer burden of disease, 6.3 million cases in
an 8.5-month time frame,' highlighted potential challenges in
providing and delivering quality patient care. These hurdles
included large patient volumes, various clinical presentations
of the disease, the financial burden of medical resources and
supplies, and maintaining staff safety in the face of a droplet-
based infectious disease.

picture is the fact that the severe acute respiratory syndrome
coronavirus 2 (SARS-COV-2) spreads via respiratory droplet
transmission? and many patients are asymptomatic vectors of
the disease. Given these characteristics, major cities such as
New York City, Chicago, and Los Angeles were experiencing
record case numbers in their EDs and hospitals.? The burden
falls on EDs to identify and isolate patients at risk while
maintaining efficiency and safety for all patients and staff.}
Novel solutions have included telehealth visits and screening
test facilities that include outdoor and drive-through venues,
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aimed at minimizing contact exposure and diverting less ill
patients from the ED. Remote and drive-through COVID-19
screening facilities have become common place mechanisms
that allow for the rapid testing of populations. Initial data
from Korea demonstrated that such systems for COVID-19
are a feasible and efficient option for screening, testing, and
counseling stable patients.* However, most of the facilities
are primarily for point-of-care testing, without the ability to
evaluate and treat ill patients. To our knowledge few systems
have expanded these drive-through systems to allow full
clinician evaluations. Such systems represent a significant
deviation from traditional healthcare delivery models.

While data is being collected on the systemic advantages
of a pandemic screening system, there is limited data of the
efficacy of such models and none assessing patient comfort
levels with this change in healthcare delivery. The aim of our
study was to evaluate patients’ perceptions of a drive-through
medical treatment facility (DMEF).

METHODS

Naval Medical Center Portsmouth (NMCP) is a 298-bed
federal, academic hospital with nine branch clinics and an
ED census of 86,000 annually. In response to the COVID-19
pandemic, NMCP’s ED established a DMEF in proximity to
the ED. All adult patients presenting to the ED with symptoms
of potential COVID-19 etiology and deemed non-critical were
directed to the DMEF for initial evaluation.

Drive-through Medical Treatment Facility Logistics

The DMEF was designed to allow full evaluation,
dispositioning and treatment of outpatient patients with
potential COVID-19 symptoms. It was staffed Monday
through Saturday, 9 AmM — 4 Pm, by an emergency physician
who oversaw up to four advanced practice providers (APP),
each with a corpsman (medical assistant) and one nurse per
APP pair. The facility consisted of three 40’ x 50’ temporary
shelters erected in a parking lot adjacent to the ED. These
structures allowed patients to drive their vehicles through,
and the entire medical process was handled while the patients
remained in their vehicles. On arrival patients were screened
by a triage nurse using a pre-made screening form to determine
appropriateness for DMEF evaluation vs diversion to the
main ED. If appropriate, the patient was then registered, vital
signs were recorded, and a paper medical chart was prepared.
The patients then drove forward to a treatment station where
a history and physical exam were conducted. Select point-
of-care testing for COVID-19, influenza, and group B strep
were also available. Upon completion of the evaluation and
disposition, the standard discussion of diagnosis, treatment and
follow-up plans occurred aided by preprinted discharge forms.
Select medications including antipyretics and common “cold
medications” formulations (guaifenesin, dextromethorphan, etc)
were available for immediate dispensing, with traditional paper
prescriptions used for other indicated medications.

Population Health Research Capsule

What do we already know about this issue?
Non-traditional healthcare delivery systems
have been utilized in the setting of coronavirus
disease 2019 to extend healthcare resources
and mitigate transmission with limited data on
patient perceptions.

What was the research question?
What are patients’impressions of medical care
delivered via a drive-through treatment facility?

What was the major finding of the study?
Patients overall had positive impressions of
medical care delivered via a drive-through system.

How does this improve population health?

These findings suggest nontraditional healthcare
delivery mechanisms can be well received by
patients, and their utility should be further explored
to optimize medical system coverage.

Patient Perceptions

We developed a three-part questionnaire to evaluate
patient perceptions of a drive-through medical system.
The questionnaire was piloted with a small group
of professionals (two physicians, two nurses, two
administrative personnel) to ensure clarity of the survey
questions. To optimize feasibility and participation,
the final questionnaire was limited to five questions,
each using a five-point Likert scale. (Figure 1). Three
questions pertained to perceptions of components of their
care (clinician evaluation, explanation, and level of care
delivered), one assessed convenience, and one the overall
impression of the use of drive-through systems for medical
evaluation. An optional free-response section was included
to allow participants to provide additional comments.

All patients completing medical evaluation at the
NMCP’s DMEF were eligible to participate in the study.
We excluded from participation any patients sent to the ED
for further evaluation by DMEF providers. A convenience
sample of patients from May 1-July 1, 2020 between
8 am — 4 pm were offered the opportunity to participate
anonymously in the survey to evaluate their experience
following their medical evaluation. Participants completed
the survey via a provided electronic tablet. We examined all
the data obtained and coded the responses. The data was then
descriptively analyzed, and an appropriate test was applied
in Excel (Microsoft Corp., Redmond, WA).

Volume 22, No. 5: September 2021

1033

Western Journal of Emergency Medicine



Perceptions of Drive-through Medical Treatment During COVID-19 Stuart et al.

68% were male. For patient perceptions of the components of

How well do you feel like the physician was able to EVALUATE you? their care three_quarters Of respondents (n =61 7) believed the
Rate from 1 to 5 with 1= worst and 5 = best ’ . .
overall care they received was equivalent to what they would
Tz o4 have received in the ED with an additional 13.1% (n = 108)
Evaluation was FAR LOWER Evaluation was the SAME o 1 1mi 1
quality then | would have O O O O O quality | would have received ratlng thelr Overall carc as SImllar (Flgure 2) .
received in the Emergency in the Emergency Room A total of 86.6% (n = 715) of respondents gave positive
Room . . . .
overall impressions of the drive-through screening system
compared to 3.0% (n = 25) responding negatively (Figure 3).
How well was your diagnosis and treatment plan EXPLAINED to you? In regard to convenience, 95.2% (n = 779) viewed the drive-
Rate from 1 to 5 with 1= worst and 5 = best . . .
through system as “more convenient than going to the emergency
12 3 4 5 department,” while 1.2% (n = 10) and 4.6% (n = 38) viewed it
Explanations were FAR LOWER Explanations were the SAME as “less” and “‘equivalently’’ convenient. respectivel Fig]]re 4).
quality then | would have O O O O O quality as it would have been q y ? p y ( )
received in the Emergency in the Emergency Department
R
oo DISCUSSION
The COVID-19 pandemic has placed further strain on
OVERALL: How would you rate the care you received? a medical system already struggling with access-to-care
fate from 1o S with 17 worst and s = best issues. In addition to the potential burden of new disease, the
1T 2 3 4 5 challenge of how to deliver healthcare in a way that is both
FARWORSEcarethanan () () () () () SAME care as an Emergency efficient and effective while minimizing transmission risk to
Emergency Room visit. Room visit.

both healthcare workers and patients poses a challenge. This
challenge has contributed to the rapid growth of pre-pandemic
Compared to a visit to the Emergency Room, how CONVENIENT was the Drive- healthcare dehvery meChanlsmS SUCh as telemedlcme. A
through system?
o 1- Much less convenient
O 2- Less convenient
3- About the same an an Emergency Room Visit
B FAR Lesser Quality [ 2 3 [ 4 M Same Quality as the ED

4- More convenient

O
O
O 5 - Much more convenient
O

Other: Medical Evaluation

Overall, what do you think of the Drive-through screening system? Explanation of my
Rate from 1 to 5 with 1= worst and 5 = best Diagnosis and
Treatment Plan

1 2 3 4 5

I don't like it at all / It doesn't o O o O O I love it / Should be used more

work at all often Overall Care
Received

Please feel free to provide any additional comments on your experience. 0 250 500 750 1000

Figure 2. Patients’ perception of the quality of care received
compared to their expected care in the emergency department.

Your answer

Figure 1. Patient perception survey of a drive-through medical
evaluation system.

W Strongly Dislike Dislike Neutral mLike M Strongly Like

RESULTS Overall impression
Between May 1-July 1, 2020, we received a total of 827

responses. Given the anonymity of the survey, comprehensive

data on demographics and comorbidities of respondents is not

available. For the 2437 all comers to the DMEF, the median e ffumb::mof R:fsonsefu oo
age was 32.5 (range 18-56 years old), and represented both Figure 3. Overall patient impression of drive-through systems for

active duty military and their dependents. Of the participants, =~ medical evaluations.
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B Much Less Conveneint Less Neutral ®More B Much More Convenient

e | _

-100 0 100 300 400 500 600 700 800

Number ;Cf:Respon;;s
Figure 4. Patients’ impression of the convenience of the drive-
through medical system compared to an emergency department visit.

report by the US Department of Health and Human Services
found that telehealth adoption increased by nearly 50%

in primary care from January through early June 2020.°
Likewise, countless drive-through COVID-19 screening
centers were erected to facilitate mass population testing. Only
a limited number appear to have offered traditional medical
evaluation. While there is increasing evidence demonstrating
the feasibility of these systems, there is limited evidence
evaluating the quality of care provided and no consensus

as to how patients perceive these dramatic changes in their
healthcare delivery.

Our study sought to aid in the understanding of how
patients perceive medical care delivered in a drive-through
venue. In our study, the vast majority of patients evaluated
in our DMEF reported positive experiences as denoted by
high marks in the areas of quality of provider evaluation,
explanation of diagnosis and treatment plan, and overall level
of care. Additionally, the DMEF was felt to be significantly
more convenient than a visit to the ED. Overall, in our study
the patients had positive impressions of the use of a drive-
through system for medical evaluations.

Satisfaction studies have repeatedly found wait times to
be a key component in a patient’s impression of their medical
experience.® Perhaps more noteworthy is evidence suggesting
that increased wait time induced emotional disutility in
already ill patients.” This fourfold reduction in time was likely
a prime contributor to the high ratings especially in the area
of convenience. Interestingly, not only was convenience the
highest rated item on the survey (mean 4.39/5), but even the
vast majority of people who were not satisfied with other
aspects of their care still positively endorsed the convenience
of the drive-through system.

Patient satisfaction is a complex and multifactorial
process. However, it alone does not validate the quality of
medical care provided nor is it directly linked to outcomes.®
However, patient satisfaction has become an increasingly used
proxy indicator of the quality of healthcare delivery. Since
the late 1990s the Centers for Medicare and Medicaid (CMS)
has mandated the use of Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) surveys. The CMS then
ties reimbursement to performance on this survey. However,

it has been mentioned before that there is a noticeable absence
of a single question pertaining to whether a patient felt they
received adequate medical care.” Our questionnaire attempted
a cursory look at this gap by addressing the patient’s
perception of their medical evaluation, their treatment plan
explanation, and overall level of medical care. Here we found
that despite the non-traditional setting and method, patients
still felt they were receiving comparable levels of care from
the providers.

While all measures in our survey received positive
responses, the lowest mean satisfaction value (4.33) was
associated with the perception of providers’ explanations,
which would entail diagnosis, expected course, return
precautions, and follow-up planning. This correlates with
the subjective comments as well: although predominantly
positive, negative comments were largely centered on
the patients not fully understanding what they should do
next or their follow-up plan. While the unconventional
setting of drive-through care may very well contribute
to communication lapses, effective communication and
transitions of care have been longstanding challenges
in healthcare. In the 2020 CMS report on HCAHPS,
transitions of care received by far the lowest overall ranking.
Additionally, numerous studies have cited communication
disconnects as a source of poor outcomes and periods of
care transition as vulnerable periods.® A consumer survey
by Kyruus (Kyruus Inc., Boston, MA) found issues with
communication during virtual appointments, in which less
than half of respondents said they left their visits knowing
what the next steps were.!!

LIMITATIONS

Our study was limited by survey anonymity preventing
exact demographic assessment of our population and a
smaller (five-question) questionnaire, which restricted
the granularity of the data. These decisions were made
pragmatically, as the surveys were conducted in a drive-
through venue, to minimize the Hawthrone effect and in
an effort to increase recruitment, as shorter questionnaires
have been shown to result in higher response rates.'?
We were able to pull demographics for all patients who
drove through the unit and maintain that the large number
and consistency of the responses still allows for overall
assessment. The DMEF was designed exclusively for
the evaluation and treatment of COVID-19/influenza-
like illness and would not be appropriate for all medical
conditions. Even with these limitations, we believe
the findings provide useful initial insight into patients’
perceptions of vehicle-based healthcare models.

CONCLUSION

While a drive-through medical facility represents a
dramatic change in the delivery model of medical care, our
study suggests these drive-through medical systems can
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be well received by patients. If such systems can provide
comparable levels of care, they may represent a viable and
critical option for sustained and surge healthcare delivery.
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communication practices. The survey was avai
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Results: 74/129 (57%) EDs from 28 countries
responded. Most EDs were in Asia (49%), follo

plans were ineffective. Many sites (47/74, 64%
with the highest provider proportion of COVID-

continue to be a challenge. Global emergency
disseminating large-scale event data, which is
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Introduction: Emergency departments (ED) globally are addressing the coronavirus disease 2019

Medicine Education & Research by Global Experts (EMERGE) network and non-EMERGE ED
contacts to understand ED emergency preparedness and practices globally when combating the

Nearly all EDs (97%) developed and implemented protocols for screening, testing, and treating
patients with suspected COVID-19 infections. Sixty percent responded that provider staffing/back-up

Conclusion: Despite having disaster plans in place, ED pandemic preparedness and response

success. We leveraged the 17-country, Emergency

E and non-EMERGE EDs from April 3—June 1,
plans, triage methods, staffing, supplies, and

lable in English, Mandarin Chinese, and Spanish to
ponses using descriptive statistics.

in all six World Health Organization global regions
wed by North America (28%), and Europe (14%).

) reported staff missing work due to possible illness
19 exposures and infections among nurses.

research networks are vital for generating and
particularly important during a pandemic. [West J

INTRODUCTION

disease outbreaks. However, infectious disease pandemics pose

Emergency departments (ED) globally are on the front lines  a unique challenge due to their infrequency and the extended

in addressing the COVID-19 pandemic, caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

period over which they may occur.
The incomplete and evolving knowledge of a novel

Most EDs have disaster preparedness plans in place for health pathogen limits early preparations for resource needs during

system responses to large-scale disasters, including infectious

a pandemic and predisposes individuals and communities
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to poor health outcomes. Critical evaluation of the global
response to the 2009 HIN1 influenza pandemic identified
substantial variability and poorly conceived or even absent
preparedness plans in many emergency care systems. '

This missed opportunity to implement successful disaster
response plans prior to the following major infectious
outbreak highlights the need to study global ED responses
and healthcare system preparedness on a continuous basis.>*
With the ongoing COVID-19 pandemic, knowledge regarding
presentation, prognosis, and response to therapies continues
to evolve. It is imperative for data, lessons learned, and
successful approaches used by EDs with a high pandemic
burden to be made rapidly and reliably available to those in
earlier stages.

Emergency medicine networks are valuable for collection
of data supporting research, administrative, and educational
goals and can potentially be leveraged to collate and dis-
seminate experiences from disasters.* Emergency Medicine
Education & Research by Global Experts (EMERGE) is a
newly developed network of 26 EDs across 17 countries and
six continents whose goal is to improve the care of acutely ill
and injured patients by garnering the collective experiences of
its member EDs.>¢

In this study we sought to leverage the EMERGE
network and establish collaborations with non-EMERGE EDs
to determine global ED preparedness for COVID-19 and,
specifically, to identify successful processes and protocols
that may be adopted and/or adapted by other EDs to improve
patient outcomes.

METHODS
Study Design and Survey Development

We performed a cross-sectional study of ED practices
during the pandemic using a survey sent to all participating
sites. We reported our results using elements from the
Strengthening the Reporting of Observational Studies
in Epidemiology; Survey Reporting Guidelines; and the
Checklist for Reporting Results of Internet E-Surveys
guidelines.”!® We used the online survey platform
Qualtrics (Qualtrics LLC, Provo, Utah) to characterize
ED COVID-19 responses between April 3—June 1, 2020
along the following domains: pandemic preparedness plans
and training; physical space; triage methods unique to the
pandemic; staffing; supplies; and communication practices.
The survey (Appendix A) was piloted and assessed for
response process validity. Eleven emergency physicians
at the University of Michigan evaluated the survey for
construct and face-validity, and iteratively refined the
questions. Survey questions were mainly closed-ended, with
additional open-ended questions allowing participants to
express opinions or to provide clarification on responses.
The survey was translated using formal translation services
into Mandarin Chinese and Spanish and reassessed for face
validity in the translated language by EMERGE Executive

Population Health Research Capsule

What do we already know about this issue?
Emergency departments (EDs) globally

are on the front lines in addressing the
coronavirus disease 2019 pandemic. However,
preparedness and effectiveness of responses
remain unknown.

What was the research question?

We leveraged the 17-country, Emergency
Medicine Education and Research by Global
Experts (EMERGE) network and non-EMERGE
EDs to study emergency preparedness globally.

What was the major finding of the study?
EDs had to rapidly update and modify
preparedness plans. EDs developed innovative
processes to respond, and most identified
provider burnout as an important issue.

How does this improve population health?
Emergency research networks are vital for
generating and disseminating solutions to
improve patient outcomes in global emergencies.

Committee members who spoke those languages. The study
was determined not to require regulation as human subjects
research by the University of Michigan Institutional Review
Board (HUMO00178847).

Participants and Survey Distribution

Survey participation was voluntary, and respondents
did not receive financial remuneration. The survey was
distributed to EMERGE member institutions via email with
unique links created for each participant. Attempts were
made to involve non-EMERGE institutions by forwarding
a one-page infographic (Appendix B) to contacts of
EMERGE members and associates. Simultaneously, we
contacted other international emergency associations
for participation, including the Pan-Asian Resuscitation
Outcomes Study, the World Academic Congress of
Academic Medicine, the Michigan Emergency Department
Improvement Collaborative, and the International
Federation for Emergency Medicine.!'"'* To encourage
survey completion, we stated the deadline for survey
responses and sent regular email reminders about survey
closure. We also contacted participants electronically to
obtain clarification on incomplete or partially complete
responses. We specified that the medical director or
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emergency preparedness expert in the division/department
should be the one to answer this questionnaire.

Statistical Analysis

We tabulated descriptive statistics including absolute
and relative frequencies for categorical variables and means
(with standard deviations [SD]) or medians (with interquartile
ranges [IQR]) for continuous variables, depending on
normality, to compare all survey question responses. We
defined ED characteristics by location, setting, and size. We
grouped EDs by location into geographical categories: Asia;

Europe; North America; South America; Africa; and Australia.

Hospital setting was defined along two domains. First, we
defined them as “public” or “government-funded” hospitals
with the rest defined as “private” hospitals. Second, we
categorized hospitals as “academic” vs “non-academic” based
on presence of residency training programs. We used SAS

9.4 (SAS Institute, Cary, NC) for all quantitative analyses.
ED characteristics stratified by country, continent, and
income status (gross domestic product) as well as COVID-19
prevalence and death rates at time of survey completion are
provided in Supplementary Table 1.

RESULTS
Respondent Characteristics

We identified 129 EDs across 28 countries within all
six World Health Organization (WHO) regions. Of these,
74 (57%) completed the survey, comprising 23/26 (88%)
EMERGE EDs and 51/103 (49%) non-EMERGE EDs
(Figure). There were 21 (28%) respondents from North
America, 36 (49%) from Asia, 10 (14%) from Europe, two
(3%) from South America, two (3%) from Africa, and three
(4%) from Australia. With 69 sites providing their daily
volumes, we approximated the total annual patient population
of the represented EDs at 6,068,994. The median ED bed
count was 42 (IQR 21-80) and median ED encounters daily

Received the
survey
Excluded® Participants
*Exclusions were as * A *
follows:
2 Information unavailable 74 18 37
1 Unable to reach site Partially "
director for survey Completed the completed the Did not attempt
completion survey survey the survey

1 duplicate response

Figure. Survey responses among members of the Emergency
Medicine Education & Research by Global Experts network
(EMERGE) and non-EMERGE emergency departments.

was 180 (IQR 100 - 300); 52/74 sites are both pediatric and
adult EDs, 14 are adult only, and eight are pediatric only.

Pandemic Preparedness

Most sites (71/74, 96%) reported having an ED
protocol to guide the screening, testing, and managing of
suspected COVID-19 cases, and 27 (36%) sites sent their
protocols for other EDs across the globe to use. There were
43/74 EDs (58%) that had ED staffing back-up plans prior
to the COVID-19 outbreak. Regarding supply availability,
59/71 (83%) reported stocking the ED with personal
protective equipment (PPE) as a part of pre-existing
disaster plans. However, when respondents answered
questions regarding effectiveness of existing disaster plans
only 59/74 (80%) replied. Of these, 48/59 (81%) responded
that the plan was successful/effective. Regarding personnel
and ED staffing back-up plans, 26 felt they were very
effective, 33 somewhat effective, six not effective, and nine
did not respond. Reasons for disaster plans being successful
or not are described in Table 1.

COVID-19 Pandemic Response

Nearly every ED (71/73, 97%) developed and
implemented a protocol for screening, testing, and managing
patients with suspected SARS-CoV-2 infections. The WHO
recommendations for COVID-19 informed the pandemic
response plans for 28/73 (38%) EDs in our sample. Outside
the United States, 13/59 (22%) EDs based their pandemic
response plans on the US Centers for Disease Control and
Prevention (CDC) guidelines. The majority (45/73, 62%)
based their plans on guidelines issued by their own countries.

ED Triage and Capacity

Screening criteria for COVID-19 were generally similar
across the EDs in our survey, with less similarity across
survey respondents in approaches for increasing treatment
capacity. Screening criteria used are provided in Table 2 with
the most common being fever (72/74, 97%), close contact
with a confirmed case of COVID-19 (66/74, 89%), travel to
a COVID-19 affected area (66/74, 89%), symptoms of upper
respiratory illness (63/74, 85%), and signs of lower respiratory
illness (71/74, 96%). However, 71/74 (96%) EDs reported that
triage screening criteria had changed over time, and 58/74 (78%)
mentioned criteria had changed more than two times. Of those
responding, 68/74 (92%) created separate COVID-19 areas in
ED waiting rooms, and 51/72 EDs (71%) increased capacity in
response to COVID-19 surges, with 46 enhancing existing ED
space by modifying/adding hallway beds, chairs/recliners or
creating spaces separated by curtains. The results show that 45/74
(61%) increased capacity outside the ED by using non-traditional
space for ED care such as subspecialty clinics or mobile tents.
The most common measures used to increase hospital capacity
were postponing elective/non-urgent surgical procedures (67/74,
91%), creating a dedicated COVID-19 patient care team (57/74,
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Table 1. Strengths and weaknesses reported from the pandemic/disaster plans.

Strengths

Weaknesses

Communication

Communication with large number of employees,

Failure in communicating logistics

interdepartmental communication, ongoing patient/physician
communication, telecommunication, health care workers’

communication with government

Triage ED triage tents, pre-triage bed reassignment, creating
different zones for triage based on symptoms presented

Testing Creating mobile testing unit, drive-through testing units

Supplies Resource allocation was conducted adequately, gradually
increased supplies

Space Creating separate areas for patients with COVID-19 like
symptoms, creating field hospitals and dedicated COVID-19
centers, creating tents, halting elective procedures, and
creating space for COVID-19 patients

Staff Staff pooling into categories to replace staff in critical areas,

smooth communication and coordination, efficient training,
interdepartment training, cooperation with medical students and
other health care workers, and great staff well-being initiatives

Time-consuming efforts to organize the triage
plans

Testing capacity was low, slow process of
government approval of in-house rapid testing,
difficulty in obtaining official confirmation for
the need for testing, long wait time for test
results, bedside equipment shortage

Difficulty in mobilization of resource, PPE
shortage faced at initial stages of the
pandemic, planning to secure additional PPE
was a slow process

Creation of surge capacity for the possibility
of large volume of patients with respiratory
distress

Staffing mobilization, hesitancy of certain
healthcare workers, mixing staff schedule to
work on all zones simultaneously, no clear
direction for sick healthcare workers

ED, emergency department; COVID-19, coronavirus disease 2019; PPE, personal protection equipment.

77%), and reassigning existing beds specifically for patients with
COVID-19 (56/74, 76%).

ED Staffing and Staff Wellness/Burnout
Many survey respondents identified staffing issues as a
particularly challenging aspect of the COVID-19 pandemic

Table 2. COVID-19 screening criteria used in participating
EMERGE and non-EMERGE emergency departments.

Fever 72 (97%)
Signs/Symptoms of lower respiratory illness 71 (96%)
(cough, difficulty breathing)

Close contact with a confirmed case of COVID-19 66 (89%)
Travel to affected areas 66 (89%)
Signs/Symptoms of upper respiratory iliness (runny 63 (85%)
nose, sore throat)

Close contact with a suspected case of COVID-19 59 (80%)
Timely relation to a possible contact (ie, 14 days) 53 (72%)
Healthcare worker 40 (54%)
Signs/Symptoms of gastrointestinal illness 36 (49%)
(vomiting, diarrhea)

Nonspecific symptoms (malaise, myalgias, 32 (43%)
headache)

Immunocompromised 25 (34%)

EMERGE, Emergency Medicine Education & Research by Global
Experts; COVID-19, coronavirus disease 2019.

response. Most respondents (52/74, 70%) developed new

or separate staff backup plans specifically for COVID-19
while 22/74 EDs (30%) had activated their existing staff
backup plans at the time the survey was completed. From the
received responses 47/74 (64%) reported staff missing work
due to illness, and 32/74 (43%) reported that ED provider
staff had tested positive for SARS-CoV-2. Inability to work
due to possible COVID-19 illness was reported in nurses in
26/32 (81%) responses, followed by physicians, 21/32 (66%),
and residents, 20/32 (63%). Common measures to address
staff wellness and prevent burnout included allowing staff

to work remotely (57/72, 79%) and providing meals at work
(45/72, 63%). If staff had a confirmed positive SARS-CoV-2
test, criteria for returning to work included a negative test
(28/45, 62%) and/or being symptom-free for a site-determined
duration of days (27/45, 60%).

Testing for COVID-19

On a multiple-option question, 55/74 (74%) respondents
selected that they were able to test for SARS-CoV-2 in their
EDs, 23/74 (31%) selected that samples were sent to an
external agency for testing, and 4/74 (5%) sites indicated that
they did not perform any testing.

Resources and Supplies
Most EDs were able to provide face masks for patients
with suspected COVID-19 or influenza-like illness at arrival
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(70/74, 95%). Supplies in EDs that were most likely to be
depleted (defined as a <14-day supply) at the time of the
survey included powered air purifying respirator systems
(36/58, 62%) and N-95 masks (36/69, 52%).

Communication

Survey respondents exhibited wide variation regarding where
they obtained information about the evolving pandemic and
how they communicated with patients and local communities.
The most common sources of information for EDs included
local governments/health departments (47/70, 67%), hospital
infection control practitioners (43/70, 61%), state governments
(34/70, 49%), and the WHO (33/70, 47%). Common methods for
communicating with the local community included social media
(53/62, 85%), television (52/62, 84%), and newspapers (46/62,
74%). The most common methods for communicating updates
to staff were email (58/69, 84%), website/intranet (52/69, 75%),
and video conference (48/69, 70%). The most common methods
for communicating updates to patients and families were flyers/
posters (41/64, 64%), in-hospital TV channels/displays (37/64,
58%), and social media (34/64, 53%).

Innovation

In an open-ended survey section, we recorded both
successful and unsuccessful innovations developed in
respondent EDs to address the pandemic (Table 3). Successful
innovations generally included development of separate
treatment spaces for COVID-19 patients and plans for local
community engagement via electronic and social media.
Respondents reported unsuccessful innovations related to
testing capacity, PPE availability, and staffing plans.

DISCUSSION

In this global survey, we leveraged the EMERGE network
to establish rapid collaborations with non-EMERGE EDs and
obtained estimates of ED pandemic preparedness and response
to COVID-19 from 74 EDs in 28 countries comprising the six
WHO regions. Despite substantial differences among surveyed
EDs, there were many similarities in how EDs are responding
to the pandemic, especially with screening protocols, capacity
expansion, and staffing. Despite having disaster plans in
place, globally ED pandemic preparedness and response is
difficult and variable. There was a substantial human cost to
the pandemic as 43% of the EDs reported providers and staff
had contracted COVID-19 and missed work, further impacting
the ED’s ability to provide care. Finally, EDs were willing
to share protocols, lessons learned, and innovative solutions
that can be rapidly disseminated via research networks such
as EMERGE, or via global organizations such as the WHO to
benefit emergency care globally.

Our survey identified multiple, latent patient-safety
threats due to inadequate disaster preparedness. One third of
respondents did not have a pandemic preparedness plan prior
to the COVID-19 pandemic. These findings are consistent

with another report surveying 102 pediatric EDs in Europe
early in the COVID-19 pandemic, which revealed that nearly
a third of EDs lacked a contingency plan for pandemics and
never had simulated scenarios for such events.!” Second, the
loss of the ED workforce, especially nursing and physician
staff, either due to contracting infections with SARS-CoV-2 or
required quarantine from exposure to patients with COVID-19
was very high. These results are consistent with reports

from the CDC and other recent studies.'®!° Third, there was
variability among EDs regarding staff backup plans. Although
most EDs responded that their pre-pandemic disaster plan

was a successful one, nearly half of the EDs did not have

an ED backup plan for staffing during disasters, most had to
create new or modify existing plans to respond to the current
pandemic and reported that these plans were ineffective or
only somewhat effective.

Reassuringly, most EDs recognized the impact of the
pandemic on staff wellness and had developed plans for
improving provider well-being. These interventions included
new guidelines for remote work whenever possible, meals
during shifts, childcare support, and/or additional time away
from work. Disaster management experts voice the importance
of frontline workers’ protection through planning, availability
of PPE, and mindful staff scheduling, as well as strongly
encouraging mental health and peer support with wellness
initiatives. Our findings highlight the need for a more cohesive
and comprehensive evaluation of existing disaster plans.
Lessons learned from our survey could potentially be used to
develop multidisciplinary in situ simulations to find optimal
solutions for adapting to COVID-19 and other highly complex
and evolving epidemics/pandemics in the future.?

Nearly all EDs developed site-specific protocols for
screening and triage during the pandemic. These protocols
included provision of masks and separating patients on arrival
to the waiting room. Triage and pre-ED arrival screening
involved tele-triage, phone, and video screening, the use of
alternative sites (such as triage tents, triage in the car), and
use of other non-ED sites (such as outpatient clinics and
community centers). One site reported a separate screening
facility with app-based screening prior to patient registration.
Leveraging technology can reduce ED demand and enhance
patient understanding of COVID-19 risks and has been used
extensively for screening and contact tracing tools, such as
the CDC Self-Checker and Singapore’s TraceTogether.?!??
Consistent with lessons learned from prior disasters, most
EDs had developed protocols for enhancing capacity by
repurposing unused or non-ED spaces and adapting them
for care of COVID-19 patients. Essentially, most EDs and
their hospitals had re-engineered the entire ED arrival, triage,
throughput, and disposition processes with a system-wide
response, postponing non-emergent surgeries and creating
and/or expanding intensive care capabilities.

The ED and emergency medical services are an integral
component of community-based health systems that require
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Table 3. Innovations reported and developed in response to COVID-19 across participating EMERGE* and non-EMERGE

emergency departments.

Communication

Triage

Test

PPE

Area

Staff

Other

Robots for communication

Tele-consultation

Developed vernacular language standees

Dedicated call center facility (Run by medical & nursing students & doctors)

Using Zoom meeting to interact with patients regarding clinic visits, questions, etc.
Conducting community awareness sessions

Teletriage system

App-based screening

Triage truck

Designated COVID-19 center manned by ACE team

Screening area with a Decon shower facility

Formulated a ventilator triage protocol based on a scoring system devised from existing literature

Sampling booths

Door-to-door screening for all people in the community

Drive-through swab for COVID-19

Results available within 90 minutes for high urgency needs and number of high urgency tests is
limited to 15/day

Biofire testing for patients requiring admission with results in 4-12 hours

Mobile vehicle for testing

Ultraviolet sterilization of N95 masks

Locally designed Intubation box

Reusable ultraviolet sterilization of N95s, masks, and gowns

Disposable aerosol box for airway management

3-D printer face shields and 3-D printed face masks. Visors used instead of masks
Use of short-sleeved gowns instead of long sleeves due to the shortage

Isolated areas, fever clinic and COVID-19 tents

Field hospitals

Flu-screening isolation facility for staff employed in COVID-19 ward
Ambulance hall rebuilt into extra patient rooms

Negative pressure room

ED restructured into zones

Pre-triage screening station manned by non-medical ED staff

EMCREWS team managed by a consultant (attending) working remotely

Pooling of rotation forming the ACE team

Hired medical students

Hospital infection committee for training and certifying HCWs and allied staff in donning and doffing
Fever clinics with volunteers helping in segregation and providing PPE

Provide shelter options for COVID-19 positive patients
Creation of SARI cubicle

Closure of AC ducts

Use of separate lifts/elevators

3-D, three dimensional; Decon, decontamination; COVID-19, coronavirus 2019; ED, emergency department; SARI, severe acute
respiratory infection; AC, air conditioner; Biofire, Biofire Diagnostics: Syndromic Infectious Disease Diagnostics (Salt Lake City, UT)
ACE, anesthesia, critical care, and emergency medicine; HCW, healthcare workers; PPE, personal protective equipment.

strengthening to respond to pandemics; however, it is actionable data. For instance, adaptation of shared protocols
imperative that we first obtain high quality, global data in and data would substantially reduce the time to implementation
a timely manner to understand the impact and subsequent of interventions, underscoring the importance of ED-based
responses. This was the motivation for our survey, which research networks. Our survey was initiated in the nascent
revealed important insights on the state of global pandemic/ EMERGE network and we immediately recognized that despite
disaster preparedness. First, apart from regional EM having a “global” footprint, EMERGE is still not representative
organizations gathering local data, currently there is no of the global ED system. It was very reassuring that we were
infrastructure for assessing the state of ED systems across the quickly able to reach out to several non-EMERGE EDs via
globe and sharing experiences to provide rapid, reliable, and referral, allowing us to expand the survey participant pool from
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26 EMERGE EDs in 17 countries to include an additional 51
non-EMERGE EDs from 11 countries. Second, our higher-
than-average 57% response rate highlights the willingness of
healthcare institutions across the world to participate and share
experiences for the global benefit.”

Third, the diversity of comments regarding innovations
in the domains of triage, testing, communication, staffing,
and capacity-building provided in Table 3 can be reviewed
and potentially applied immediately as the world continues
to grapple with the pandemic. For instance, use of unmanned
robots for telepresence, use of mobile technology for
communication between patients, caregivers, and providers, or
use of a dedicated website and app-based screening have been
rapidly deployed. Repurposing used radiographic films as face
shields to three-dimensional printing of face shields, ultraviolet
lights for sterilizing PPE to conserve supplies, negative pressure
single-person hoods and tents to overcome lack of negative
pressure rooms, and dedicated airway teams composed of
emergency, critical care and anesthesia providers are all
examples of local innovations that can be applied globally.
Fourth, comments on whether pandemic plans were successful
or not provide insight into how EDs, institutions, communities,
and others can learn. For instance, sharing protocols and
processes for COVID-19, such as airway management
guidelines aimed at first-pass success with use of advanced
airway placement devices (video laryngoscopes), and higher
doses of paralytics to reduce risk of aerosol exposure, can be
implemented globally. Sharing of ED mitigation strategies early
in the pandemic will enhance cross-pollination of ideas that can
promote both patient and healthcare worker safety. Conversely,
evidence of inconsistent communication between providers
within an institution or from regulatory agencies, inadequate
PPE supplies, inability to scale testing to meet demand, and
wasted PPE from improper training are examples of how plans
could be improved in the future.

LIMITATIONS

Data obtained from surveys is inherently susceptible to
selection and reporting bias. Furthermore, survey participation
and response rates have declined over time due to limitations
of the study design and inconvenience associated with
completing poorly designed or frequent requests. This may be
especially true during this pandemic, when multiple and often
simultaneous requests for information were circulating broadly
and a massive increase in scientific literature submissions
related to COVID-19 were published.?* We mitigated some of
these limitations by testing the survey for face, construct, and
content validity before soliciting participation. In addition,
we made it very convenient for expeditious completion by
formatting most questions as closed-ended responses. We
obtained a 57% response rate, which is better than most
reported surveys.”> We also recognize that the two open-ended
questions regarding effectiveness of existing disaster plans and
interventions gave us rich anecdotal data on how individual

EDs were responding, but we do not have details regarding
their success/failure and/or impact. We plan to pursue these
questions with follow-up interviews with ED leadership as our
subsequent research project.

Given the extremely dynamic nature of the COVID-19
pandemic and the fact that countries were experiencing
different levels of disease burden and different phases of the
outbreak, the survey results represent the situation at a single
point in time for the responding institutions. Thus, responses
to survey questions will likely be different if we were to
conduct the survey at another point in time. For instance,
responses regarding availability of PPE or effectiveness
of preparedness plans may differ as institutions continue
to respond and adapt in real time. Ultimately, this study is
hypothesis-generating and intends to demonstrate the power of
our network.

CONCLUSION

Our study cohort represents a large cross-sectional sample
of ED responses to an ongoing global healthcare crisis. Despite
having disaster plans in place, ED pandemic preparedness and
response continue to be a challenge and there were multiple,
latent safety threats to providers and patients. We believe global
emergency research networks play an important role in near real-
time collection of high-quality data on the epidemiology of large-
scale events and can disseminate experiences and solutions that
will impact healthcare outcomes for individuals, communities,
and even nations.
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Introduction: The coronavirus 2019 (COVID-19) pandemic has reinforced the importance of facial
protection against droplet transmission of diseases. Healthcare workers wear personal protection
equipment (PPE), including face shields and masks. Plastic face shields may have advantages over
regular medical masks. Although many designs of face shields exist, there is a paucity of evidence
regarding the efficacy of shield designs against droplet transmissions. There is even less published
evidence comparing various face shields. Due to the urgency of the pandemic and the health and safety
of healthcare workers, we aimed to study the efficacy of various face shields against droplet transmission.

Methods: We simulated droplet transmission via coughing using a heavy-duty chemical spray bottle filled
with fluorescein. A standard-adult sized mannequin head was used. The mannequin head wore various
face shields and was positioned to face the spray bottle at either a 0°, 45°, or 90° angle. The spray bottle
was positioned at and sprayed from 30 centimeters (cm), 60 cm, or 90 cm away from the head. These
steps were repeated for all face shields used. Control was a mannequin that wore no PPE. A basic mask
was also tested. We collected data for particle count, total area of particle distribution, average particle
size, and percentage area covered by particles. We analyzed percent covered by particles using a
repeated measures mixed-model regression with Tukey-Kramer pairwise comparison.

Results: We used least square means to estimate the percentage area covered by particles. Wearing
PPE regardless of the design reduced particle transmission to the mannequin compared to the control.
The LCG mask had the lowest square means of 0.06 of all face-shield designs analyzed. Tukey-Kramer
pairwise comparison showed that all PPEs had a decrease in particle contamination compared to the
control. LCG shield was found to have the least contamination compared to all other masks (P < 0.05).

Conclusion: Results suggest the importance of wearing a protective covering against droplet
transmission. The LCG shield was found to decrease facial contamination by droplets the most of any
tested protective equipment. [West J Emerg Med. 2021;22(5)1045-1050.]

INTRODUCTION through coughing, sneezing, or talking with infected droplets
Based on current evidence, coronavirus disease 2019 landing on a mucosal surface or being inhaled into the lungs
(COVID-19) is transmitted between people through close via nasal or oral passage.? For the lay person, precautions such

contact and respiratory droplets.! Airborne transmission occurs  as maintaining a minimum of six feet distance from others,
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performing hand hygiene, and wearing a medical mask have
been recommended.’ However, in healthcare settings providers
frequently perform aerosolizing procedures (ie, tracheal
intubation, non-invasive ventilation, bronchoscopy, etc) and
provide clinical care requiring close physical contact. Because
of additional risk factors for transmitting and contracting the
disease in healthcare settings, the World Health Organization
(WHO) has specific guidelines in place to prevent or limit
COVID-19 transmission in these settings.

The WHO guidelines include the following: early
recognition and isolation of suspected and confirmed
COVID-19 cases; applying standard precautions for all
patients entering the facility; and applying empiric additional
precautions for suspected and confirmed cases of COVID-19.#
The standard precautions are in place to reduce transmission
from both recognized and unrecognized sources and should
be used in the care of all patients: diligent hand washing;
maintaining greater than six feet of distance if possible, etc.
Additional precautions that are required if a patient is either
a suspected or confirmed case include contact and droplet
precautions, as well as airborne precautions in aerosol-
generating procedures.’ Although these precautions vary
by hospital, contact precautions most commonly include
a gown and gloves; droplet precautions include a gown,
gloves, standard mask, and eye protection; and airborne
precautions include all those of droplet in addition to
donning of a fit-tested N-95 or higher-level respirator prior
to room entry. Specific to the novel coronavirus, the US
Centers for Disease Control and the Occupational Safety and
Health Administration have recommended that healthcare
workers use full-face shields to protect against exposure to
COVID-19.%7 This recommendation is secondary to their
covering of the three major areas of transmissibility: the eyes,
nose, and mouth.

Given the critical areas of transmissibility they are protecting,
it is important to understand how effective face shields act as
physical barriers in limiting the spread of infectious particles.
Although not always appearing complex, face shields are subject
to strict regulation. The ANSI/ISEA Z.87.1-2015 standard in the
US specifies physical features of a face shield that must maintain
proper visual power, resistance to high-velocity impacts, and
protection from droplets and splashes.® However, given the
national shortage of personal protection equipment (PPE) that
developed during the pandemic, on March 2, 2020, the US Food
and Drug Administration (FDA) granted an emergency use
authorization (EUA) for personal respiratory protective devices
during the COVID-19 outbreak. These EUAs are typically put
in place in “disaster” situations, or when environmental demand
outpaces medical response, or during public health emergencies
with significant potential to affect the health and security of US
citizens. On February 4, 2020, the Secretary of the Department
of Health and Human Services (HHS) determined that the
rapid increase in the spread of the novel coronavirus fit such a
definition.’

Population Health Research Capsule

What do we already know about this issue?
Face shields are effective pieces of health
worker protective equipment and reduce
exposure to droplet-borne pathogens, but
relative efficacy is difficult to assess.

What was the research question?

What is the efficacy of a variety of face shields
in reducing airborne droplet exposure for the
wearer?

What was the major finding of the study?
We found that the LCG shield was the most
protective of the face shields tested.

How does this improve population health?
We reinforce the protective value of simple,
low-cost PPE, illustrate trends in efficacy
between various designs, and develop a low-
cost, reproducible testing method.

As aresult, a variety of alternatives to traditional FDA-
cleared masks became available over the course of 2020,
many of which were difficult to manufacture, financially
unreasonable, or potentially less effective in preventing
transmission of respiratory droplets to the wearer. The typical
face shield design includes a flat plastic shield, a headband,
and brow foam. Most are designed to be low cost, discarded
after a single use, and mass-producible.!® Some, such as the
Prusa shield, are intended for multiple use and considered
superior in fit and function compared to disposable shields.
However, as demand for face shields continued to increase and
PPE shortages proliferated across the country, lower-quality
face shields were less likely to be discarded after a single
use, raising concern as to whether these lower quality shields
maintained their efficacy and further increasing demand for
more reliable, multi-use shields.

While the benefit of a face shield as a whole has been
confirmed through large review studies as a useful physical
barrier in limiting the spread of infectious particles, such as
in Roberge’s 2016 study, Roberge also found that fit, length,
and type of face shield made a significant difference in barrier
effectiveness.'® Other variables such as aerosolized particle
size, distance from simulated cough, and air-time of aerosolized
particles play a major role in determining effectiveness of
face shields. Despite knowing that many factors contribute
to an effective face shield, previous studies comparing shield
efficacy have lacked a standard test or measure of face shield
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effectiveness. Therefore, the purpose of this study was to
evaluate the efficacy of various face shields used in the
healthcare setting for infection control at preventing droplet
dispersal and contamination of the end user, as well as other
PPE worn concomitantly with the face shields.

METHODS

We used a cough simulation model to evaluate the
efficacy of various facial PPE. This simulation involved a
heavy-duty chemical spray bottle filled with fluorescein to
simulate the respiratory droplet dispersal of a cough as well
as an anatomically correct, adult-mannequin head outfitted
with each of the facial PPE devices that were being tested.
The fluorescein dye allowed the droplets that landed on the
mannequin’s face to be visualized and photographed under
fluorescent light. We then analyzed these photographs to
determine the percentage area of the mannequin head that the
droplets covered.

The spray bottle was positioned so that the nozzle was
at the same height as the brow of the mannequin. This spray
bottle stand was then positioned 30 centimeters (cm), 60 cm,
or 90 cm away from the head. The head was positioned to face
the spray bottle at a 0°, 45°, or 90° angle. This set-up was then
used to perform five spray tests for each of the nine different
angle and distance combinations. After each spray, the PPE
was carefully removed from the mannequin’s head, and the
resulting fluorescent droplet pattern was photographed from
both a front facing and left-side facing view.

The images were cropped in such a way that the edges
of the mannequin’s face were equidistant from the edges of
the picture’s frame in each analyzed photograph. We then
used Image J, an open-source, Java-based image processing
software developed at the National Institutes of Health, to
calculate percentage area of the cropped face covered by
fluorescent particles. All front-facing images were identical
in area to allow for facial surface area covered in fluorescein
to be accurately compared. The same was true for the side-
facing images. We ran the images through Image J’s color split
function to ensure that only the green fluorescent particles
would be read and analyzed by the program. We then applied
the Otsu auto threshold function along with the B&W (black
and white) setting to the images prior to using the “analyze
particle” functions. The “analyze particle” function was then
run with a threshold size of 0-infinity pixels squared and a
circularity of 0.00-1.00. The results of this analysis included
particle count, total area of particle distribution, average
particle size, and percentage area covered by particles. This
data output was then saved and compiled for each set of data.

The statistical analyses were two-tailed and conducted
at a significant level of 0.05 using SAS 9.4 (SAS Institute,
Cary, NC). We used Tukey-Kramer pairwise multiple
comparisons in repeated measures analysis based on mixed
model regression to compare the “percentage area covered by
particles” between a mask and the control and between the

masks. These comparisons were performed on the average of
the percentage area covered by the particles across the five
spray tests that were performed on each control and mask
set-up. We measured the average particle size of the droplets
by including a ruler in the photograph of a 0° angle, front-
facing control at 30 cm, 60 cm, and 90 cm. The set scale
function within Image J was then used to convert micrometers
(um) to pixels. The images were analyzed as above, but

the distribution function was run after the particle analysis
function. This generated the mode and range of the particle
size for the droplets in micrometers squared.

RESULTS
The average percentage area covered by particles for
each mask, angle, and spray distance are shown in Table 1

Table 1. Front view. Average percentage of facial area covered by
fluorescein particles for mask type and spray distance.

Percent Percent Percent

Mask type Degree area 30cm area 60cm area 90cm
Control 0 21.23 9.45 0.29

45 12.49 3.55 0.087

90 4.02 0.70 0.014
Basic 0 7.08 0.12 0.0038

45 5.11 1.31 0.016

90 2.89 0.58 0.021
Surgical 0 0.011 0.0094 0.0029

45 1.59 0.70 0.0060

90 2.39 0.32 0.0027
Medline 0 0.0029 0.00034 0.0019

45 0.30 0.0023 0.00020

90 1.81 0.81 0.0048
Prusa 0 0.023 0.012 0.003

45 1.29 0.36 0.0069

90 2.86 0.78 0.016
LCG 0 0.012 0.0021 0.00060

45 0.0095 0.0019 0.000086

90 0.0098 0.028 0.0011

cm, centimeter.

(front view) and Table 2 (side view). As the “percentage area
covered by particles” represents the amount of contamination
by respiratory droplets, this value will be simplified to
particle contamination for the remainder of the paper. The
model estimated least square means (LS means) for each
facial PPE and the control is depicted in Table 3. These
results demonstrate that all of the facial PPE had less particle
contamination than the control. Of the facial PPE tested, the
LCG mask (LCG Industries Ltd., Faridabad, Haryana, India)
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Table 2. Side view. Average percentage of facial area covered by
fluorescein particles for mask type and spray distance.

Table 4. Tukey-Kramer multiple pairwise comparison for
percentage area covered of particles.

Percent Percent Percent

Mask type Degree area 30cm area 60cm area 90cm
Control 0 4.29 2.06 0.0070

45 15.64 4.92 0.078

90 16.63 5.67 0.11
Basic 0 0.97 0.0013 0.0030

45 9.16 2.00 0.11

90 14.49 5.16 0.205
Surgical 0 0.00064 0.00080 0.00039

45 4.45 1.27 0.10

90 12.28 3.90 0.097
Medline 0 0.00047 0.00048 0.00036

45 0.69 0.012 0.0030

90 11.64 5.70 0.098
Prusa 0 0.00056 0.00062 0.0013

45 3.25 1.08 0.038

90 14.89 4.79 0.098
LCG 0 0.00065 0.00039 0.000068

45 0.019 0.0040 0.00072

90 0.16 0.90 0.0074

cm, centimeter.

Table 3. Least square (LS) means for each facial mask.

Group LS means Standard error
Basic mask 2.74 0.75
Control 5.62 0.75
LGG shield 0.06 0.75
Medline 1.17 0.75
Prusa 1.64 0.75
Surgical mask 1.51 0.75

had the lowest amount of particle contamination with a LS
mean of 0.06.

Table 4 depicts the results of the Tukey-Kramer multiple
pairwise comparison for the percentage area covered by
particles. These results show that all the facial PPE had a
statistically significant decrease in particle contamination when
compared to the control. This table also depicts the relative
efficacy of the facial PPE when compared against all the masks
tested in this study. The facial PPE that had a shield — surgical
mask, Medline, PRUSA, and LCG — were also shown to offer
significantly more protection compared to the basic mask.
When the PPE with shields were compared against each other,
we found no statistically significant difference in the protection
offered between the surgical mask, the PRUSA face shield

Group T-value Adjusted P-value

Basic mask

Control -7.54 0.0000**

LGG shield 6.98 0.0000**

Medline 4.08 0.0007**

Prusa 2.87 0.0493**

Surgical mask 3.21 0.0177**
Control

LGG shield 14.52 0.0000**

Medline 11.63 0.0000**

Prusa 10.41 0.0000**

Surgical mask 10.75 0.0000**
LGG shield

Medline -2.89 0.0459**

Prusa -4.11 0.0007**

Surgical mask -3.77 0.0025**
Medline

Prusa -1.22 0.8273

Surgical mask -0.88 0.9518
Prusa

Surgical mask 0.34 0.9994

**Significant value, p<0.05

(which can be manufactured with a three-dimensional printer
[Prusa Research, Czechoslovakia]), and the Medline face shield
(Medline Industries, Inc., Northfield, IL). The LCG shield,
however, was shown to be statistically more protective than all
other forms of facial PPE tested in this study.

The set scale function determined that there were 0.0125
pixels per um, which can also be converted to 80 um per
pixel. As none of the particles on the mannequin face visually
measured more than 2 millimeters (mm) in diameter, a limit
0f 6,250,000 pm squared (um?) was set as the maximum size
for the distribution function when analyzing these images for
a second time. This limit excludes any particle greater than
2.5 mm in diameter and was imposed to exclude particles
that the program mis-read as being one large particle with
tiny gaps, rather than individual particles. Figures 1, 2, and 3
demonstrate that the smallest particle area is 6400 um?, or 80
pum in diameter. This number also happens to be the mode for
the particle area sizes across all three distances.

DISCUSSION

There is poor evidence and regulatory specificity as to the
appropriate size, design, or performance standards for face
shields for healthcare workers and others potentially exposed
to contaminating respiratory and aerosol droplets. Previous
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6400 6144000
Count 4768

Mean: 30472215
StdDev. 545394.92 Mode: 6400 (2383)

Bins: 54 Bin Width: 113659.26
Figure 1. Particle distribution sizes for 30 centimeters spray in
micrometers squared.
StdDev, standard deviation; min, minimum.

Min: 6400
Max: 6144000

6400 5817600

Count: 2223
Mean: 269686.73
StdDev. 484566.75
Bins: 45

Min: 6400

Max: 5817600

Mode: 6400 (1268)
Bin Width; 129137.78

Figure 2. Particle distribution sizes for 60 centimeters spray in
micrometers squared.
StdDev, standard deviation; min, minimum.

studies have described the difficulty in accurately simulating
the human cough and associated droplet size distribution,
requiring complex equipment. Our study specifically
employed a low-cost method to compare the efficacy of
multiple. protective facial barriers by quantifying the volume
of droplets reaching the face. Xie et al demonstrated that
63% of the particles in a cough were between 50-150 um in
diameter with 64% of the particles being less than 100 um in
diameter overall. After trial of multiple devices to simulate

a cough, we found that a spray bottle designed for use in
automotive detailing, the ACC 130 Professional (Chemical
Guys, Gardena, CA) approximated a distribution of droplet
sizes in a human cough.

All face shields showed a statistically significant
reduction in facial droplet coverage vs no mask. When shields
were compared against one another, we found no significant
difference between the protection offered by the surgical mask,

6400

Count: 74
Mean: 258767.57
StdDev: 217192.41  Mode: 6400 (34)
Bins: 5 Bin Width: 179200
Figure 3. Particle distribution sizes for 90 centimeters spray in
micrometers squared.
StdDey, standard deviation; min, minimum.

Min: 6400
Max: 902400

the PRUSA face shield, and the Medline face shield. The LCG
shield, however, was shown to be statistically more protective
than all other forms of facial PPE tested in this study. The
order of mask efficacy based on the smallest to greatest area
of face covered by fluorescein droplets is as follows: the LCG
shield (most effective); Medline face shield; surgical mask
with attached eye shield; Prusa face shield; and basic surgical
mask (least effective). Of note, the LCG shield extends
significantly inferiorly beyond the chin and wraps posteriorly
past the temples.

Our literature review found no studies to similarly
demonstrate an easily employable, low-cost method for
comparing the efficacy of facial barriers and shields designed
to protect the wearer. This approach may allow individuals
and institutions to better select the PPE they acquire for their
workers. Similar techniques may help to refine regulatory
guidance regarding specifications and standards for such
protective equipment to improve workplace safety for healthcare
providers. Since the beginning of the COVID-19 pandemic and
the healthcare system’s response, institutions and providers have
encountered countless types of PPE with significant confusion
about their relative efficacy or durability. Given the variation in
design, quality, and efficacy observed within a limited set of face
shields, we encourage employment of this technique by future
researchers to better define the ideal design for face shields to
protect against communicable diseases.

LIMITATIONS

Limitations of this study include limited statistical
power, imperfect cough simulation, and difficulty detecting
the smallest aerosol particles. Statistical power was limited
by a limited number of trials performed on each mask from
each position. Regarding droplet size detection, the Image
J program cannot measure particles that are smaller than a
pixel. As each pixel was 80 pm in diameter or 6400 pm?,
the microscopic particles were often measured as one larger
particle, especially when these smallest particles were
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clustered close together within the image. However, this
is not expected to significantly affect surface area covered
by particles between the different masks as the analysis of
particles was done identically for every image.

Previous studies have also identified another discrepancy
with these smaller particles in that they are more likely to
circulate in the air around face shields for a longer period
of time than direct-trajectory, larger particles. Hence, the
smallest particles can continue to settle on mucosa minutes
after they are expelled. While we allowed an equal pause
after each spray to allow for smaller particles to settle prior
to stepping into the study zone and removing the PPE to
capture our images, allowing adequate time for the settling
of these smaller particles as well as the accurate recording
of them is another limitation of this study. Regardless, we
believe this limitation could be mitigated but not eliminated
by using higher resolution cameras, taking multiple pictures of
facial sub-areas at different focal lengths and zoom distances,
allocating multiple minutes for particle settlement, and more
numerous and distributed ultraviolet lighting sources to
increase droplet fluorescence intensity.

CONCLUSION

The COVID-19 pandemic has emphasized the need to find
a standardized method for measuring face shield effectiveness.
It is challenging to simulate viral particle spread due to the
many variables involved in the spread and visualization
of microscopic particles. In this pilot study, we designed a
simulated “head” and “cough,” along with a standard method
of particle exposure and analysis, to quantify how well
face shields can prevent the spread of aerosolized particles
potentially carrying infectious contagions. We then compared
the effectiveness of face shields with different sizes, shapes,
and fits. Our method of analysis differentiated face shields
quantitatively. We found that the LCG face shield was the most
effective in reducing particle exposure because of its peripheral
covering. The methods used here may also be useful in
comparing other forms of personal protective equipment. This
is critically important in its relevance not only to protection of
high-risk persons during the COVID-19 pandemic, but also
to the day-to-day safety of high-risk persons in all infectious
disease settings.
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Introduction: Diverse coronavirus disease 2019 (COVID-19) mortalities have been reported but focused
on identifying susceptible patients at risk of more severe disease or death. This study aims to investigate
the mortality variations of COVID-19 from different hospital settings during different pandemic phases.

Methods: We retrospectively included adult (=18 years) patients who visited emergency departments
(ED) of five hospitals in the state of Texas and who were diagnosed with COVID-19 between March—
November 2020. The included hospitals were dichotomized into urban and suburban based on their
geographic location. The primary outcome was mortality that occurred either during hospital admission
or within 30 days after the index ED visit. We used multivariable logistic regression to investigate the
associations between independent variables and outcome. Generalized additive models were employed
to explore the mortality variation during different pandemic phases.

Results: A total of 1,788 adult patients who tested positive for COVID-19 were included in the study.
The median patient age was 54.6 years, and 897 (50%) patients were male. Urban hospitals saw
approximately 59.5% of the total patients. A total of 197 patients died after the index ED visit. The
analysis indicated visits to the urban hospitals (odds ratio [OR] 2.14, 95% confidence interval [CI], 1.41,
3.23), from March to April (OR 2.04, 95% CI, 1.08, 3.86), and from August to November (OR 2.15, 95%
Cl, 1.37, 3.38) were positively associated with mortality.

Conclusion: Visits to the urban hospitals were associated with a higher risk of mortality in patients with
COVID-19 when compared to visits to the suburban hospitals. The mortality risk rebounded and showed
significant difference between urban and suburban hospitals since August 2020. Optimal allocation of
medical resources may be necessary to bridge this gap in the foreseeable future. [West J Emerg Med.
2021;22(5)1051-1059.]
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INTRODUCTION
Background

The coronavirus disease 2019 (COVID-19) continues
its spread rapidly around the world. While patients with
COVID-19 may manifest with minor symptoms, some may
progress to critical illness, leading to severe disabilities
or even death.! Diverse COVID-19 mortalities have been
reported from different studies among different patient
populations during the beginning of this pandemic.>* Higher
in-hospital mortalities have been reported among Black and
Hispanic patients in the US.5 Nearly 50% of mortality was
found among critically ill geriatric patients in Italy.® Mortality
doubled among patients who had certain comorbidities (eg,
diabetes, obesity, cancer, and chronic renal insufficiency).’

These mortality differences were found at the individual
patient level during the early COVID-19 pandemic phase,
data that is helpful in identifying susceptible patients at risk
of more severe disease or death. However, it does not provide
enough information to determine mortality differences and its
dynamical changes during the COVID-19 pandemic among
different healthcare settings, which would be useful for overall
COVID-19 resource reallocation.

Importance

The surge in demand for hospital admissions and intensive
care can quickly exceed the capacity of involved hospitals and
deplete the available medical resources rapidly. The ability of
each hospital to prioritize and mobilize its resources in response
to medical needs may differ and may contribute to observed
differences in mortality. However, certain changes can be
dynamic at different pandemic phases. Determining different
COVID-19 mortality patterns within different healthcare
settings during different pandemic phases will help healthcare
policymakers administer appropriate regulations to reasonably
allocate medical resources, implement optimal care managements
to flatten the surge waves, and minimize the mortality.

Goals of This Investigation

In this study we aimed to investigate the mortality
variations of patients with COVID-19 from different hospital
settings during different pandemic phases in 2020. For the
purpose of this study, we dichotomized the included hospitals
into urban or suburban hospital based upon their geographic
location.

METHODS
Study Design and Setting

Baylor Scott & White Health (BSWH) is the largest not-
for-profit healthcare system in Texas, with 52 hospitals, more
than 800 patient care sites, more than 7300 active physicians,
and over 49,000 employees. This retrospective study was
conducted by using data retrieved from the electronic health
record (EHR) system of the five study hospitals affiliated
with BSWH. Among these hospitals (Supplement Table S1),

Population Health Research Capsule

What do we already know about this issue?
Most of the published reports on coronavirus
disease 2019 (COVID-19) focus on identifying
susceptible patients at risk of more severe
disease or death.

What was the research question?

Is there any mortality variation in patients
with COVID-19 from different hospital settings
during different pandemic phases?

What was the major finding of the study?
Visits to the urban hospital were associated
with a higher risk of mortality in patients with
COVID-19 when compared to visits to the
suburban hospitals.

How does this improve population health?
Optimal reallocation of medical resources
may be needed in locations where COVID-19
caseloads continue to increase

Baylor University Medical Center at Dallas (BUMC) and
Baylor Scott & White All Saints Medical Center-Fort Worth
(BAS) are categorized as urban hospitals, while Baylor Scott
& White Medical Center-Grapevine (GRAP), Baylor Scott

& White Medical Center-Irving (IRV), and Baylor Scott &
White Medical Center-Waxahachie (WAX) are suburban
hospitals. The treatment protocols did not vary between urban
and suburban hospitals during the study period. This study
was performed in accordance with the Declaration of Helsinki
amendments. The institutional review board approved this
study (reference number: 344143) and waived the requirement
for informed consent because of the retrospective and non-
interventional nature. The results are reported according to
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.®

Selection of Participants

Patients who made their visits to the emergency
departments (ED) of the study hospitals between March—
November 2020 were screened. All adult (age >18 years)
patients who were tested positive for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) by quantitative
reverse transcription polymerase chain reaction (RT-
PCR) from samples collected through nasopharyngeal or
oropharyngeal swabs during the index ED visit were included
for analysis. If a single patient visited EDs of these study
hospitals multiple times, only data of the first visit were
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extracted for analysis. We excluded patients with missing
values of major variables (eg, mortality, or COVID-19 test
results) from the final analyses. Because of limited capacity
for quantitative RT-PCR testing during March and April 2020,
COVID-19 screening was restricted to patients with contact or
travel history or patients with suspicious laboratory or imaging
findings. Since May 2020, the decision to have the RT-PCR
test was left to the discretion of the ED attending physicians or
advanced-practice providers who cared for the patient, without
further limitations.

Data Collection and Outcome Measures

We extracted clinical data from the health system’s
electronic health record (Epic Systems Corporation, Verona,
WI) with the use of an enterprise data warehouse. The
following data were retrieved: demographic characteristics
(age, gender, self-reported ethnic group, insurance plan,
smoking history, and pregnancy status); comorbidities
documented through diagnosis codes linked to ambulatory
primary care and specialty encounters (asthma, coronary
artery disease, cancer, congestive heart failure, cirrhosis,
chronic kidney disease, chronic obstruction pulmonary
disease, dementia, diabetes mellitus, hepatitis, human
immunodeficiency virus status, hypertension, transplant);
body mass index recorded within the previous 12 months
prior to the index ED visit; visiting hospital; date and time of
ED visits; presenting vital signs and acuity level recorded at
ED triage; and whether chest radiograph or blood tests were
performed during ED stay. Modified early warning score
(MEWS) and national early warning score (NEWS) were
computed according to the variables recorded at triage.” !
Visits during night shifts were defined as patient visits
occurring from 8 pM until 8 am the next day.

The primary outcome was all-cause mortality that
occurred either during hospital admission or within 30 days
after the index ED visit for patients with COVID-19. We
checked the survival status of all included patients through
hospital record on December 31, 2020, to ensure that all
patients were followed up for at least one month.

Primary Data Analysis

Categorical variables are presented as counts with
proportions, and continuous variables are presented as medians
with interquartile ranges. Categorical variables were examined
by chi-square test while continuous variables were compared
by Wilcoxon’s rank-sum test. A two-tailed P-value < 0.05 was
considered significant. We calculated the odds ratio (OR) as the
outcome measure. Multivariable logistic regression analyses
were used to investigate the associations between variables
of interest and outcomes. We placed all available independent
variables in the regression model for selection, irrespective
of whether they were considered as significant in univariate
analyses. Generalized additive models (GAM) were used
to explore non-linear effects of the continuous variables on

outcomes and to identify the optimal cut-off points to transform
these variables into categorical variables.!!

We developed the final regression model by stepwise
variable selection procedure with iterations between the
forward and backward steps. Significance levels for entry
were defined at 0.15 to avoid exclusion of potential variables.
We determined the final regression model by excluding
non-significant variables sequentially until all regression
coefficients were significant. The interaction between hospital
settings and different periods was assessed during the
model-fitting process. We assessed the goodness of fit of the
regression models by c statistics, the adjusted generalized R*
and the Hosmer-Lemeshow goodness-of-fit test. We entered
and processed data with Excel 2019 (Microsoft Corporation,
Redmond, WA) and analyzed the data with SPSS version
27 (IBM Corporation, Armonk, NY) or R 3.3.1 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Characteristics of Study Subjects

Between March—November 2020, a total of 7332 ED
patient-visits were tested with RT-PCR for SARS-CoV-2 at the
five study hospitals. Of them, 3018 adult (>18 years) patient
records with positive results were retrieved (Figure 1). After
excluding 937 records due to repeated visits and 293 records

RT-PCR tests for SARS-
CoV-2 performed at the
five study hospital EDs
(n=7332)
Negative results for SARS-
CoV-2
(n=4127)
L
Positive results for SARS-
CoV-2
(n =3205)

Patient age <18 years old
> (n=187)

Y

Patient age 218 years old
(n =3018)

Repeated ED visits
(n=937)

Y

First ED visit
(n =2081)

Missing values present
> (n=293)

A

Final cohort
(n=1788)

Figure 1. Patient inclusion flowchart.

RT-PCR, reverse transcription polymerase chain reaction; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; ED,
emergency department.
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with major missing variables, we included the remaining 1788
patient records in the study for analysis. The monthly ED
volume from 2019 to 2020 stratified by the study hospitals are
provided in Supplement Figure S1.

The features of the included patients are presented in
Table 1. The median patient age was 54.6 years, and 897
patients (50.2%) were male. The most common comorbidity
was hypertension (758, 42.4%), followed by diabetes

Table 1. Characteristics of patients with COVID-19 presenting to the emergency department.

Variables Total (n=1,788) Survival (n=1,591) Death (n=197) P value
Basic demographics
Age, year 54.6 (41.9-68.2) 51.9 (40.5-65.6) 72.5 (64.5-80.3) <0.001
Male 897 (50.2) 780 (49) 117 (59.4) 0.006
Body mass index, kg/m? 31.3 (27.0-37.0) 31.5(27.2-37.2) 29.4 (25.8-35.9) 0.005
Hispanic ethnicity 908 (50.8) 823 (51.7) 85 (43.1) 0.02
Smoking history 368 (20.6) 307 (19.3) 61 (31.0) <0.001
Pregnancy 44 (2.5) 44 (2.8) 0(0) 0.02
Comorbidities
Asthma 125 (7.0) 116 (7.3) 9 (4.6) 0.16
Cancer 57 (3.2) 41 (2.6) 16 (8.1) <0.001
Chronic kidney disease 330 (18.5) 233 (14.6) 97 (49.2) <0.001
Chronic obstructive pulmonary disease 196 (11.0) 155 (9.7) 41 (20.8) <0.001
Cirrhosis 112 (6.3) 96 (6.0) 16 (8.1) 0.25
Congestive heart failure 210 (11.7) 146 (9.2) 64 (32.5) <0.001
Coronary artery disease 197 (11.0) 147 (9.2) 50 (25.4) <0.001
Dementia 116 (6.5) 89 (5.6) 27 (13.7) <0.001
Diabetes mellitus 491 (27.5) 399 (25.1) 92 (46.7) <0.001
Hepatitis 15 (0.8) 7 (0.4) 8(4.1) <0.001
Human immunodeficiency virus status 4(0.2) 4 (0.3) 0 (0) 0.48
Hypertension 758 (42.4) 628 (39.5) 130 (66.0) <0.001
Transplant 44 (2.5) 44 (2.8) 0(0) 0.02
Insurance <0.001
No insurance 352 (19.7) 340 (21.4) 12 (6.1)
Medicaid/Medicare 716 (40.0) 553 (34.8) 163 (82.7)
Commercial insurance 720 (40.3) 698 (43.9) 22 (11.2)
Visiting hospital <0.001
BUMC 699 (39.1) 591 (37.1) 108 (54.8)
BAS 330 (18.5) 288 (18.1) 42 (21.3)
GRAP 115 (6.4) 110 (6.9) 5(2.5)
IRV 334 (18.7) 315 (19.8) 19 (9.6)
WAX 310 (17.3) 287 (18.0) 23 (11.7)

Urban hospital 1,314 (59.5) 1,139 (57.5) 175 (77.1) <0.001
Visit made at night shift 1,209 (67.6) 1,077 (67.7) 132 (67.0) 0.85
Monthly variation of visits <0.001
March 49 (2.7) 43 (2.7) 6 (3.0)
April 69 (3.9) 52 (3.3) 17 (8.6)
May 158 (8.8) 145 (9.1) 13 (6.6)

Data are presented as median (interquartile range) or counts (proportion).

BAS, Baylor Scott & White All Saints Medical Center - Fort Worth; BUMC, Baylor University Medical Center at Dallas; ED, emergency
department; GRAP, Baylor Scott & White Medical Center — Grapevine; IRV, Baylor Scott & White Medical Center — Irving; WAX, Baylor
Scott & White Medical Center — Waxahachie.
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Table 1. Continued.

Variables Total (n=1,788) Survival (n=1,591) Death (n=197) P value
June 386 (21.6) 349 (21.9) 37 (18.8)
July 828 (46.3) 779 (49.0) 49 (24.9)
August 88 (4.9) 68 (4.3) 20 (10.2)
September 61 (3.4) 44 (2.8) 17 (8.6)
October 113 (6.3) 90 (5.7) 23 (11.7)
November 36 (2.0) 21 (1.3) 15 (7.6)
Vital signs at ED triage
Temperature, °C 37.2 (36.8-37.9) 37.2 (36.9-37.9) 37.2 (36.8-38.1) 0.58
Heart rate, beats per minute 96 (84-110) 96 (84-109) 96 (85-112) 0.20
Respiratory rate, breaths per minute 20 (18-24) 20 (18-23) 22 (22-27) <0.001
Mean blood pressure, mm Hg 96 (87-106) 96 (87-106) 93 (81-104) 0.001
Sp0,, % 96 (92-98) 96 (93-98) 92 (83-96) <0.001
Glasgow Coma Scale 15 (15-15) 15 (15-15) 15 (14-15) <0.001
Triage acuity <0.001
Level 1 87 (4.9) 58 (3.6) 29 (14.7)
Level 2 785 (43.9) 660 (41.5) 125 (63.5)
Level 3 828 (46.3) 785 (49.3) 43 (21.8)
Level 4 81 (4.5) 81 (5.1) 0 (0)
Level 5 7(0.4) 7 (0.4) 0 (0)
Supplemental oxygen supplied at ED 611 (34.2) 508 (31.9) 103 (52.3) <0.001
triage
MEWS 2 (1-4) 2 (1-3) 3 (2-5) <0.001
NEWS 3 (2-6) 3 (1-6) 6 (4-9) <0.001
CXR exam at ED 1,355 (75.8) 1,180 (74.2) 175 (88.8) <0.001
Blood test at ED 1,568 (87.7) 1,372 (86.2) 196 (99.5) <0.001

ED, emergency department; C, Celsius; SpO,, oxygen saturation; MEWS, modified early warning score; NEWS, national early warning

score; CXR, chest radiograph.

mellitus (491, 27.5%). The proportions of patients with
Medicaid/Medicare or commercial insurance were similar.
Urban hospitals saw 59.5% of the total patients, and the
majority of them made their visits to BUMC in this cohort.
The number of COVID-19 patients reached its peak in July
(828, 46.3%) and then gradually declined. The median body

temperature and SpO, measured at ED triage was 37.2°C and

96%, respectively. Approximately 34.2% of patients needed
supplemental oxygen supplied at triage. The median MEWS

the probability of death (Figure 2A). If logit (p) was greater
than zero, the odds of mortality would be greater than one.
The study period was thus divided into three phases: March—
April defined as phase 1; May— July as phase 2; and August—
November as phase 3 during the pandemic in 2020.

As shown in Table 2, the main analysis indicated that
visits to the urban hospitals were positively associated with
death (OR 2.14, 95% confidence interval [CI], 1.41, 3.23;
P-value < 0.001). Also, compared with phase 2, visits made

and NEWS were 2 and 3, respectively. Most patients received
a chest radiograph (1,355, 75.8%) and blood tests (1,568,
87.7%) during the index ED visit. A total of 197 patients
(11.0%) died one month after the index ED visit or during the
same admission after the index ED visits.

Main Results
The GAM plots illustrate the monthly variation effect
on patient mortality, represented as logit (p), where p was

during phase 1 (OR 2.04, 95% CI, 1.08, 3.86; P-value = 0.03)
and during phase 3 (OR, 2.15, 95% CI, 1.37, 3.38; P-value <
0.001) were also positively associated with death, respectively.
As shown in Figure 2B and 2C, the GAM plots revealed
different mortality patterns for different hospital settings
during different pandemic phases. For suburban hospitals, the
mortality risk increased only during phase 3 and, therefore,
only phase 3 was tested in the interaction analysis. A
significant interaction was noted between the hospital settings
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Figure 2. Generalized additive model plots for nonparametric
modelling of the mortality variation (represented as logit of the
probability of death) during different pandemic phases. A. Total
cohort; B. Urban hospitals; C. Suburban hospitals. Logit (p),
where p represented the probability for death.

and different pandemic phases. Compared with visits made to
the suburban hospitals during phase 1 or phase 2, visits made
to the urban hospitals during phase 1 had the highest mortality
risk (OR, 4.48, 95% CI, 2.11, 9.50; P-value < 0.001), followed
by visits made to the urban hospitals during phase 3 (OR 3.72,
95% CI, 2.13, 6.49; P-value < 0.001) (Table 3).

DISCUSSION
Main Findings

In the analysis we found that different hospital settings
were significantly associated with mortality. That is, visits
to the urban hospitals were associated with higher mortality,
compared with visits to the suburban hospitals. We also noted
a significant variation in mortality during different pandemic
phases. The interaction analysis further revealed that urban
hospitals were more sensitive to this mortality variation

Table 2. Multivariable logistic regression model with death as the
dependent variable.

95%
confidence
Independent variable Odds ratio interval P value
Age (per year) 1.07 1.05-1.09  <0.001
NEWS 1.26 1.18-1.34  <0.001
Chronic kidney disease 2.1 1.42-3.14  <0.001
Urban hospital 2.14 1.41-3.23  <0.001
Visit made during phase 3 2.15 1.37-3.38  <0.001
Hispanic ethnicity 1.91 1.29-2.83  0.001
Medicaid/Medicare 222 1.30-3.78  0.003
Congestive heart failure 1.92 1.24-297  0.003
Respiratory rate >16 or <25 1.91 1.25-2.92  0.003
Glasgow Coma Scale (per  0.89 0.82-0.96  0.004
unit increase)
CXR exam at ED 2.07 1.19-3.62 0.01
Transplant 2.91 1.08-7.85 0.03
Hepatitis 4.41 1.16-16.82 0.03
Visit made during phase 1 2.04 1.08-3.86  0.03
Body mass index >28 (kg/m?) 1.52 1.02-2.26  0.04
Dementia 0.53 0.29-0.96 0.04

Goodness-of-fit assessment: n = 1,788, adjusted generalized R?
= 0.44, estimated area under the receiver operating characteristic
curve = 0.90, and Hosmer-Lemeshow goodness-of-fit chi-squared
test P = 0.61.

The display of independent variables is arranged in order of p value.
CXR, chest radiograph; ED, emergency department; NEWS,
national early warning score.

during different pandemic phases. As shown in Figure 2B, the
mortality risk for urban hospitals during phase 3 (August—
November 2020) rebounded as compared to the risk during
phase 1 (March—April 2020). During phase 3, the risk of
COVID-19 mortality was as high as 2.6-fold greater for urban
hospitals, compared with suburban hospitals.

Mortality Variation during Different Pandemic Phases
By using the GAM plots, our data revealed the mortality
variation in COVID-19 as the pandemic was going on. As
shown in Figure 2, there were two peaks in risk of mortality,
ie, phase 1 and phase 3. The all-cause mortality during phase 1
was about 20% (23/118) in our study, similar to the mortality
reported in New York City (21%) at the same time.* The high
mortality during this period was probably caused by the lack
of understanding of a novel infectious disease, lack of well-
equipped healthcare providers, and lack of proactive and
prompt operational procedures in response to the pandemic.
Furthermore, during phase 1, when the capacity for RT-PCR
testing was limited in these study hospitals, it is likely that
only those patients with clear contact or travel history or
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Table 3. Interaction analysis between hospital level and different phases during the pandemic.

Independent variable Odds ratio 95% confidence interval P value
Suburban hospital x Visits made at phase 1 or phase 2 Reference
Suburban hospital x Visits made at phase 3 1.42 0.67-3.04 0.36
Urban hospital x Visits made at phase 2 1.77 1.06-2.93 0.03
Urban hospital x Visits made at phase 3 3.72 2.13-6.49 <0.001
Urban hospital x Visits made at phase 1 4.48 2.11-9.50 <0.001

Other variables adjusted in the model include: age, chronic kidney disease, congestive heart failure, chest radiograph exam at
emergency department, dementia, Glasgow coma scale, hepatitis, Hispanic ethnicity, Medicaid/ Medicare, national early warning score,

respiratory rate, SpO,, transplant.

Goodness-of-fit assessment: n = 1,788, adjusted generalized R? = 0.44, estimated area under the receiver operating characteristic
curve = 0.90, and Hosmer and Lemeshow goodness-of-fit Chi-Squared test p = 0.61.

those with significant comorbidities received screening for
COVID-19, resulting in a selection bias. Although some
comorbidities might play important roles for mortality in this
analysis, those unmeasured confounding factors may have led
to falsely elevated mortality during phase 1.

Beginning in May 2020, the capacity for RT-PCR testing
increased and the restrictions on testing decreased, leading to
a surge in patients with a confirmed diagnosis of COVID-19.
Despite this substantially increased patient number, the
mortality during phase 2 was only 7% (99/1372), which is
much lower than the mortality rate during phase 1. It might
be argued that the substantial increase in patients with non-
severe illness led to a relative decrease in mortality rate during
phase 2. However, after the individual-level factors were
considered in the analysis, patients presenting to EDs during
phase 2 still had a lower risk of death. While the cause of this
finding is likely multifactorial, one possibility is that hospitals
experienced a reduction in care of other medical conditions,
which increased their capacity to optimally care for patients
with COVID-19.

As the pandemic proceeded, the mortality rate rose
during phase 3 (August: 23%, September: 28%, October:
20%, November: 42%) despite the number of COVID-19
patients decreasing substantially. One possible explanation
for this is that previously delayed medical care for other
medical conditions had a negatively impactful rebound effect
on the availability of resources for patients with COVID-19.
As shown in Supplement Figure S1, the monthly total ED
patient volumes increased from a nadir in April (about 50%
of previous baseline) to a plateau after August (about 80% of
previous baseline during phase 3). The competition between
COVID-19 and other non-COVID-19 conditions for resources
may also explain the mortality variation between urban and
suburban hospitals.

Mortality Variation from Different Hospital Settings
During phase 1, the initial epidemiologic data suggested

that hospital mortality may not differ significantly across the

United States.'>!*Nevertheless, a later multicenter study by

Gupta et al indicated that one-month risk-adjusted mortality
varied widely across 65 hospitals in the US, from 6.6%

to 80.8%."5 Gupta et al identified substantial interhospital
variation in the administration of medications and supportive
therapies for treating COVID-19." This variation in clinical
practice may have been caused by a lack of high-quality
evidence in the optimal treatment during the initial period of
the pandemic. For example, in the Gupta study, the proportion
of patients who received hydroxychloroquine was 82.2% in
average, with a range from 16.8% to 98.1%.'> Nonetheless,
hydroxychloroquine was later found to be non-beneficial

for hospitalized patients with COVID-19, and was not
recommended in the latest treatment guidelines.'®!'” Although
there is no uniform recommendation for treating COVID-19,
the treatment strategies may not be significantly different
across the study hospitals given that regular meetings and
discussion were held in our care system.

In our study, the mortality variation was primarily
associated with different hospital settings. Visits to the urban
hospitals were associated with higher mortality, compared
with visits to the suburban hospitals. This difference became
even more significant when patients made their visits to
the urban hospitals during phase 1 and phase 3. For urban
hospitals, the mortality risk during phase 3 was approaching
that of phase 1 (Table 3) and seemed to have the potential to
exceed it (Figure 2B). In contrast, for suburban hospitals, the
mortality risk seemed to decrease (Figure 2C) after October.
During phase 3, the risk of death in urban hospitals (OR 3.72)
increased to as high as 2.6 times that of the suburban hospitals
(OR 1.42) (Table 3).

One possible explanation may be that urban and suburban
hospitals see patients with different socioeconomical
backgrounds. Bambra et al reported significant variation in
hospitalization rates and mortalities for COVID-19 across
the New York City boroughs, with the highest rates of
hospitalization and death happening to the borough with the
highest proportion of racial/ethnic minorities and people
living in poverty.'® Nevertheless, in our study we also took
into account the influence of ethnicity and insurance plans,
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and found that patients of Hispanic ethnicity or patients with
Medicaid/Medicare had higher risk of mortality after the
infection of COVID-19. To some extent, the socioeconomic
factors may be adjusted for in the regression analysis.

In a large cohort study, Asch et al found no association
between academic status or urban/nonurban setting and
a hospital’s mortality."”” Nonetheless, Asch et al included
patients with COVID-19 between January—June 2020.
During phase 3, because of the competing needs of other
non-COVID-19 patients, the relative amount of resources
dedicated to patients with COVID-19 may have decreased.
As demonstrated in Supplement Figure S1, after August
(ie, during phase 3), the monthly total ED patient volume
increased to approximately 80% of baseline while the number
of COVID-19 patients decreased (Table 1). This condition
may be more pronounced in urban hospitals because they may
have more non-COVID-19 patients to manage. For physicians
in urban hospitals, because of the competing medical needs of
both COVID-19 and non-COVID-19 patients, the increased
workload and fatigue may have led to the substantial increase
in COVID-19 mortality.?

Future Applications

Our study indicates that urban hospitals have had a more
challenging time dealing with COVID-19 patients during
recent months (phase 3), compared with suburban hospitals.
Despite the fact that COVID-19 vaccinations are currently
available, it may take several months to achieve large-scale
immunization and obtain herd immunity.?! Reallocation of
medical resources may remain a necessary consideration to
tide over this difficult interlude.

LIMITATIONS

There were several limitations in this study. First,
due to the retrospective nature of the study design, we
could only establish an association, rather than a causal
relationship, between the independent variables and
outcomes. Second, the analyses were conducted based on
data collected from a larger geographic location in Texas
and may not be applicable to other population due to
limited generalizability. Third, because not all the patients
who visited the ED had laboratory or radiologic exams
and not all of them were hospitalized, the influence of the
exam results or course of hospitalization was unknown.
Fourth, while we found mortality variations from different
pandemic phases and different hospital settings in this
study, we did not have detailed data to derive the exact
mechanisms driving these variations.

CONCLUSION

Patients with COVID-19 who visited urban hospital EDs
had a higher mortality rate than patients who presented to
suburban hospital EDs. The mortality rates initially decreased
but then rebounded during recent months. In phase 3, the

disparity in mortality between urban and suburban hospitals
further increased and reached 2.6-fold. The consideration of
optimal reallocation of medical resources may be necessary to
bridge this gap for the foreseeable future in locations where
COVID-19 caseloads continue to increase.
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Introduction: Very little is known about the effects of the novel coronavirus (COVID-19) pandemic
and its associated social distancing practices on trauma presentations to the emergency department
(ED). This study aims to assess the impact of a city-wide stay at home order on the volume, type,
and outcomes of traumatic injuries at urban EDs.

Methods: The study was a retrospective chart review of all patients who presented to the ED of an
urban Level | Trauma Center and its urban community affiliate in the time period during the 30 days
before the institution of city-wide shelter-in-place (preSIP) order and 60 days after the shelter-in-
place (SIP) order and the date-matched time periods in the preceding year. Volume and mechanism
of traumatic injuries were compared using paired T-tests.

Results: There was a significant decrease in overall ED volume. The volume of certain blunt trauma
presentations (motor vehicle collisions) during the first 60 days of SIP compared to the same period
from the year prior also significantly decreased. Importantly, the volume of penetrating injuries,
including gunshot wounds and stab wounds, did not differ for the preSIP and SIP periods when
compared to the prior year. The mortality of traumatic injuries was also unchanged during the SIP
comparison period.

Conclusion: While there were significant decreases in visits to the ED and overall trauma volume,
penetrating trauma, including gun violence, and other severe traumatic injuries remain a public
health crisis that affects urban communities despite social distancing recommendations enacted
during the COVID-19 pandemic. [West J Emerg Med. 2021;22(5)1060—1066.]

INTRODUCTION of interventions. For example, a study of high-volume cardiac
The novel coronavirus 2019 (COVID-19) pandemic has catheterization labs across the US showed a 38% reduction
drastically changed healthcare utilization in the United States,  in ST-elevation myocardial infarction activations in March
in part, through a decreased presentation of many medical 2020 compared to prior months? and neuroimaging for strokes
conditions. A poll by the American College of Emergency decreased by 39% across 856 hospitals in all states.’ The
Physicians indicated that 29% of adults have “actively pandemic’s impact on medical presentations to EDs in the US
delayed or avoided seeking medical care due to concerns mirrors international trends. Reports from Canada,* China,’
about contracting COVID-19.”" Public avoidance of EDs in and Italy® show reduced presentations of stroke, myocardial
the face of critical illness is reflected in a decreased number infarction, and acute heart failure, respectively.
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The decline in ED volume secondary to decreased
presentations of non-COVID-19 medical illness is a widely
acknowledged phenomenon, but less is known about the
pandemic’s effect on patients with traumatic injuries.
Studies at a large urban Italian hospital’ and a trauma
center in New Zealand® showed a 20% and 43% decline
in trauma-related cases and injury-related admissions,
respectively. Both studies attributed this to a decline in
vehicular injuries, which had previously constituted a large
part of their trauma census. This decline has also been
reflected in data from US trauma centers. An early study
of two Santa Clara Level I Trauma Centers showed a 4.8-
fold reduction in trauma activations compared to month-
matched cohorts from prior years, of which the majority
were due to vehicular trauma.® A Level II trauma center
in New Hampshire similarly showed a 57.4% decrease in
trauma admissions, largely driven by an 80% decrease in
motor vehicle collisions (MVCs).!?

However, the effects of the COVID-19 pandemic and
subsequent stay-at-home orders on penetrating trauma
are developing. In Philadelphia, an initial analysis of the
first six weeks of the pandemic revealed a 20% decrease
in trauma contacts compared to the prior year with a
significant increase in the number and proportion of
penetrating trauma cases.!' It cannot be extrapolated from
international data, as the US as a whole carries a higher
burden of gun violence than most other countries. In 2018,
firearm homicide was the fifth leading cause of death in
all age groups in the US with 13,957 deaths'?; and in 2016
the US accounted for 35% of global firearm suicides with
22,936 deaths and 9% of global firearm homicides with
14,414 deaths."

While it makes intuitive sense that restrictions on travel
and commuting would decrease blunt trauma volumes,
the effects of social distancing on penetrating trauma and
specifically gun-related injury are much less predictable.
Trends in trauma volumes vary largely across American
cities. Gun violence, for example, increased 11.7% in New
York City from January to April 2020, 2% in Baltimore, and
23% in Chicago, while it decreased 9.3% in Los Angeles'
compared to prior years. Nationwide trends have been
concerning: March 2020, the month in which 30 states
instituted stay-at-home orders,"® was also the second busiest
month for gun sales in US history.!¢ At the same time, media
sites in cities across the US including Detroit,'” Louisville,'®
Chicago,' and Philadelphia®® reported increases in shootings
even after shelter-in-place (SIP) injunctions.

However, there has been no published data on the
consequences of stay-at-home orders on presentation of
penetrating trauma to EDs in the US. Our goal in this study
was to assess the impact of COVID-19 SIP orders on the
volume of various categories of blunt and penetrating
trauma at two urban EDs: a Level I trauma center, and a
community affiliate.

Population Health Research Capsule

What do we already know about this issue?
During the early stages of the coronavirus
disease 2019 (COVID-19) pandemic, there
was a decline in emergency department
(ED) presentations of many medical
illnessesconditions, but less is known about
traumatic injuries.

What was the research question?
To assess the impact of a citywide stay-at-home
order on traumatic injuries at urban ED:s.

What was the major finding of the study?
While there was a significant decrease in
overall ED volume, the volume of penetrating
injuries did not change

How does this improve population health?
Penetrating trauma, including gun violence,
remains a public health crisis despite social
distancing recommendations enacted during
the COVID-19 pandemic.

METHODS

We conducted a retrospective, observational study of all
patients who presented to the EDs of Study Site A and its
community academic affiliate, Study Site B. Study Site A is
a 50-bed ED at an urban, academic, Level I trauma center
in an area with high rates of gun violence.”' Study Site B is
a 19-bed urban, community-affiliate ED. Combined, these
two sites have an annual volume of 140,000 visits and 2,700
trauma activations.

We extracted all data from our electronic health record
(EHR) (Epic Systems Corporation, Verona, WI). Included
patients were those who presented with traumatic injuries
and were identified by searching the diagnosis field of
the EHR for specific text strings representing trauma
diagnoses including, “gun shot,” “stab wound,” “motor
vehicle collision,” “pedestrian,” “assault,” and “fall.”
These diagnoses are manually entered by emergency or
trauma surgery providers at time of disposition and are not
mutually exclusive.

The charts from the study periods were selected for
analysis as seen in the Figure. Our study period included
the 30 days prior to the SIP order (preSIP) and the first 60
days of the SIP order, which went into effect in Philadelphia
on March 23, 2020. The order prohibited all public and
private gatherings, limited in-person work at all but essential
businesses, and discouraged leaving personal residences
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Patient Records of ED visits
to Site A and Site B
2/21/19-3/22/19 and

2/22/20-3/22/20
(n=64,026)

l

|

2019 Records:
2/21/19-3/22/19
(n=35,998)

Records Excluded
(n=32,351)

l

Any Traumatic Injury
Diagnosis String or
Trauma Activation

(n=3,647)

l

2020 Records:
2/22/20-3/22/20
(n=28,028)

Records Excluded
(n=25,037)

!

Any Traumatic Injury
Diagnosis String or
Trauma Activation

(n=2,991)

l

4

l |

A

l

Records 2/21/19-3/22/19

Records 3/23/19-4/21/19
Corresponds 1%

Records 4/22/19-521/19. | | g ecords 2122120-3/22/20
Corresponds 2™

Records 3/23/20-4/21/20

Records 4/22/20-5/21/20

st nd
C""e(;p:"f“lif)g)resm 30 days of SIP 30 days of SIP (sflsllspl) ! 3%?3;"; StP 2 381 2%53;’{ St
? (n=1264) (n=1277)
Diagnosis with: Diagnosis with: Diagnosis with: Diagnosis with: Diagnosis with: Diagnosis with:

“gun shot” (n=33)
“stab wound” (n=14)

“motor vehicle collision”

(n=223)
“pedestrian” (n=18)
“assault” (n=183)
“fall” (n=270)
“head injury” (n=92)
“fracture” (n=410)
Trauma Activations
(n=183)

“gun shot” (n=48)
“stab wound” (n=21)

“motor vehicle collision”

(n=239)
“pedestrian” (n=18)
“assault” (n=223)
“fall” (n=303)
“head injury” (n=68)
“fracture” (n=462)
Trauma Activations
(n=234)

“gun shot” (n=50)
“stab wound” (n=29)
“motor vehicle collision”
(n=259)
“pedestrian” (n=9)
“assault” (n=226)
“fall” (n=289)
“head injury” (n=91)
“fracture” (n=480)
Trauma Activations
(n=219)

“gun shot” (n=40)
“stab wound” (n=20)
“motor vehicle collision”
(n=259)
“pedestrian” (n=13)
“assault” (n=198)
“fall” (n=303)
“head injury” (n=94)
“fracture” (n=445)
Trauma Activations
(n=232)

“gun shot” (n=66)
“stab wound” (n=15)

“motor vehicle collision”

(n=99)
“pedestrian” (n=6)
“assault” (n=172)

“fall” (n=167)
“head injury” (n=44)
“fracture” (n=320)
Trauma Activations
(n=179)

“gun shot” (n=60)
“stab wound” (n=29)
“motor vehicle collision”
(n=182)
“pedestrian” (n=24)
“assault” (n=253)
“fall” (n=200)
“head injury” (n=73)
“fracture” (n=412)
Trauma Activations
(n=231)

Figure. Patient records identified during data extraction and analysis process.
ED, emergency department; SIP, shelter in place; PreSIP, pre-shelter in place.

excepting in the case of life-sustaining activities.?> The PreSIP
time period from February 22—March 22, 2020 was compared
to a 30-day period in 2019 from February 21-March 22, 2019.
The first 60 days of the SIP order were divided into the first
30 days from March 23—April 21, 2020 and the second 30
days from April 22—May 21, 2020 and were compared to the
same dates from 2019. The daily frequency and type of trauma
activations and patients presenting to the ED who received a
diagnosis consistent with a traumatic injury in different time
periods were then compared year-to-year using two-sample
t-tests. By convention, significance was set at P <0.05. This
study was approved by the study institution’s institutional
review board.

RESULTS
Total Emergency Department Visits

There were 11,979 visits in the preSIP period in 2020
compared to 11,956 for the 2019 comparison period. This
difference was not significant. There were 7,948 visits during
the first 30 days of the SIP period and 8,379 visits during the

second 30 days for the SIP period compared to 12,002 and
12,040 for the same periods of time in 2019. This represents
a 32% decrease in ED volumes for the first 60 days of SIP.
The difference between volumes in all the SIP periods (first
30 days, second 30 days, and first 60 days) were significant
compared to 2019 (P <0.05).
Summary data for trauma activations and traumatic
injuries are shown in Table 1. The volume of trauma
activations for the preSIP was higher in 2020 than in 2019.
There were 232 trauma activations during the preSIP period
compared to 179 in the first 30 days and 231 in the second
30 days of SIP. In 2019 the number of traumas increased
from 183 in the 30 days prior to March 23 to 234 in the 30
days after and 219 in the subsequent 30 days. There was a
significant difference in the number of trauma activations
from year-to-year for the preSIP period compared to 2019
(P =0.04). While the number of trauma activations was
significantly different for the first 30 days of SIP compared to
2019 (P =0.01), the differences were not significant for the
second 30 days or considering the full first 60 days of SIP.
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Table 1. Traumatic injuries with percent change (2020 from 2019). Data reported as number with 95% confidence interval below,

change reported as percent.

Time period
Pre SIP First 30 days SIP Second 30 days SIP
Percent Percent Percent
2019 2020 change 2019 2020 change 2019 2021 Change

Total ED visits 11,979 11,956 0% 12,002 7,948 -34% 12,040 8,379 -30%
(11,522- (11,349- (11,553-  (7,688- (11,588-  (8,098-
12,435) 12,563) 12,451) 8,208) 12,521) 8660)

Trauma activations 183 232 27% 234 179 -24% 219 231 5%
(154-212)  (199-265) (204-264) (149-209) (185-253) (202-260)

GSW 33 40 21% 48 66 38% 50 60 20%
(19-47) (28-52) (34-62) (49-83) (30-70) (42-78)

Stab 14 20 43% 21 15 -29% 29 29 0%
(6-22) (12-28) (13-29) (6-24) (18-40) (18-24)

MVC 223 259 16% 239 99 -59% 259 182 -30%
(183-263)  (218-300) (202-276) (77-121) (218-300) (147-217)

Pedestrian 18 13 -28% 18 6 -67% 9 24 167%
(10-26) (6-20) (9-27) (1-11) (3-14) (13-35)

Assault 183 198 8% 223 172 -23% 226 253 12%
(157-209) (162-234) (194-252) (145-199) (194-258) (217-289)

Fall 270 303 12% 303 167 -45% 289 200 -31%
(242-298) (267-339) (264-342) (144-190) (262-316) (173-227)

ED, emergency department; PreSIP, pre-shelter in place; SIP, shelter in place; GSW, gunshot wound; MVC, motor vehicle collision.

Demographic data for all traumatic injuries are shown
in Table 2. The patients presenting with traumatic injuries
in 2020 were, on average, two years older and more often
male. The acuity and mortality were slightly higher in 2020
compared to 2019, but these differences were not statistically
significant.

Demographic data for penetrating injuries is shown
in Table 3. Similar to the trends for all traumatic injuries,
year-to-year trends are evident. There were, on average,
10 additional patients with traumatic injuries during 2020,
compared to the same time periods in 2019. The patients
presenting with traumatic injuries in 2020 were also, on
average, older and more often male. Before the SIP order in
2020, 100% of patients with traumatic injuries were male.
The first 30 days of SIP showed an average increase of three
years in the age of patients presenting with gunshot wounds
or stab wounds. While the acuity was similar year-to-year, the
mortality demonstrated mixed trends.

DISCUSSION

Although other etiologies of trauma and overall trauma
volume decreased in the weeks following SIP orders, we
found no significant change in the incidence of penetrating
trauma pre- and post-SIP. However, the proportion of
penetrating trauma increased during the COVID-19 pandemic,
including during a SIP order, despite a decrease in overall
ED volume. The persistent volumes of penetrating trauma

during the novel COVID-19 pandemic reflect the fact that
gun violence is a public health crisis with multifactorial
contributors not reduced by simple social distancing policies.
In fact, it is likely that the pandemic has exacerbated

key drivers of this public health crisis. Prior studies have
shown a strong correlation between penetrating trauma

and unemployment® and poverty rates.”* While there are
many sociodemographic factors that contribute to rates of
penetrating trauma, the role of the rising US unemployment
rate during the COVID-19 pandemic to rates comparable to
the Great Recession® cannot be overlooked.

Regional gun homicide rates also correlate with income
inequality, level of citizens’ trust in institutions, poverty levels,
and concentrations of vacant housing.?* During the COVID-19
pandemic, the US wealth gap has widened,?® and one in three
Americans reported inability to pay rent in April 2020, with
up to 10% of those polled facing eviction.?” The above study
also notes that gun homicide rates reflect socioeconomic
determinants with a lag time of up to 17 years. Considering
this, the socioeconomic effects of the coronavirus on gun
violence bear further longitudinal study.

In addition to the pandemic’s effect on socioeconomic
drivers of gun violence, there is also an intangible element
of emotional stress. Experts warn that the social isolation,
anxiety, and fear caused by the disease are contributing to an
unprecedented national mental health crisis, with a third of
Americans displaying clinical signs of anxiety or depression
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Table 2. Demographics of all injuries. Data reported as number; gender reported as percent (% male); age reported as mean; Emergency
Severity Index (ESI) acuity reported as mean; and mortality reported as percent.

Time period

PreSIP First 30 days SIP Second 30 days SIP

2019 2020 2019 2020 2019 2020

All injuries 724 790 825 497 831 703
Gender 51% 57% 56% 63% 54% 63%
Age 431 45.6 44.9 471 43.8 45.8
ESI acuity 2.98 2.95 2.88 2.84 2.96 2.81
Mortality 1.10% 1.14% 1.45% 2.82% 0.72% 1.71%

SIP, shelter in place.

since the pandemic began.” Those under financial duress are
more likely to have both mental health issues and a lack of
access to resources such as counseling or psychiatric care.
One research institute predicts that this “perfect storm” of risk
factors could lead to a 20-30% increase in firearm suicides
based on rising unemployment rates.?

Many of the above factors likely contribute to the
persistent high volume of gun trauma that we have reported in
this study. Furthermore, they have a disproportionate effect on
communities of color. Even prior to the economic downturn
caused by the COVID-19 pandemic, the 2018 unemployment
rate in the three districts surrounding Temple University
Hospital Main Campus and Temple University Hospital
Episcopal Campus was 18-23%, 14% above the national
average. Within the study site service area, 26% of people live
below the poverty line and 67.6% have a household income
under $50,000.%

It is also notable that the service area of the two study
sites is 75.9% Black and Latinx residents. Black and Latinx
Americans have had significantly higher unemployment rates
than the general public during the pandemic,’' are more likely
to report housing insecurity,** and less likely to use mental
health resources.** Historically these two populations also
suffer a disproportionate share of gun homicides.** A recent

Pennsylvania Department of Health study showed a 27.3%
firearm homicide rate among Black residents of the city and a
62.7% firearm mortality rate among Black males.*> As these
rates reflect violent crime prior to the pandemic, it is likely
that the socioeconomic consequences of COVID-19 have only
compounded the pre-existing racial disparities in penetrating
trauma.

Our findings for blunt trauma diagnoses are similar to
those previously reported.”!® The significant reduction in
pedestrian accidents and MVCs is likely an indirect result of
the SIP order, as fewer people were leaving their homes to
walk or drive. The significant reduction in falls may also have
been affected by reduced foot traffic during this time. While
more study is required to understand the key influencers on
changes in traumatic injury presentations to the ED during the
novel coronavirus pandemic, it is clear that the pandemic’s
disproportionate effect on key socioeconomic drivers of
trauma bear further study.

LIMITATIONS

There are several limitations to our study. These are
observational data from a single center that may or may not
represent general trends. These data do not support SIP orders
as an independent predictor of changes in trauma-related ED

Table 3. Demographics of patients presenting to emergency department with penetrating trauma (receiving diagnosis of “stab wound”
or “gun shot”). Data reported as number (#), sex gender reported as percent (%) male, age reported as mean, Emergency Severity

Index (ESI) acuity reported as mean, and mortality reported as (%).

Time period
PreSIP First 30 days SIP Second 30 days SIP
2019 2020 2019 2020 2019 2020
Penetrating trauma 47 59 69 81 79 89
Gender 91% 100% 88% 88% 80% 87%
Age 34.0 35.5 35.0 421 34.6 36.6
ESI acuity 2.00 2.00 1.64 1.84 1.88 1.85
Mortality 8.51% 6.78% 11.59% 9.88% 3.80% 5.62%

SIP, shelter in place.
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visits. Diagnoses are entered by physicians at time of admission

2020;383(4):400-1.

and discharge and may fail to reflect all patients who present 4. Bullrich MB, Fridman S, Mandzia JL, et al. COVID-19: stroke
with a specific trauma diagnosis. While trauma activations were admissions, emergency department visits, and prevention clinic
included, they are defined according to hospital protocol with referrals. Can J Neurol Sci. 2020;47(5):693-6.
one component of the protocol allowing for physician discretion 5. Tam C-CF, Cheung K-S, Lam S, et al. Impact of coronavirus disease
and, therefore, inherent provider-level variability. Furthermore, 2019 (COVID-19) outbreak on ST-segment-elevation myocardial
there is some subjectivity in the selection of a diagnosis for each infarction care in Hong Kong, China. Circ Cardiovasc Qual
patient and some patients may appear in multiple categories. Outcomes. 2020:13(4):¢006631.
For example, a patient may have diagnoses of both “assault” 6. Colivicchi F, Di Fusco SA, Magnanti M, et al. The impact of the
and “stab wound.” While these text strings represent the coronavirus disease-2019 pandemic and Italian lockdown measures
majority of mechanisms that Fesulted in trauma activations on clinical presentation and management of acute heart failure. J
some t.ext strings analy‘z‘ed failed to’feach a number worth' Card Fail. 2020:26(6):464-5.
anz.llyS1s. For ex.aanle, motorcycl? revealed too few patlents. 7. Comelli I, Scioscioli F, Cervellin G. Impact of the COVID-19 epidemic
to include. Additionally, an analysis of “hemorrhage” resulted in o .
non-trauma diagnoses and was not included. on census, orgamze'ltlon an'd act|V|ty.of a large urban emergency
department. Acta Bio-Medica Atenei Parm. 202011;91(2):45-9.
CONCLUSION 8. Christey G, Amey J, Campbell A, et al. Variation in volumes and
Although total ED volume decreased by one third after characteristics of trauma patients admitted to a level one trauma
STP orders were instituted as compared to the prior year, centre during national level 4 lockdown for COVID-19 in New
the volume of gunshot wounds and stab wounds did not Zealand. N Z Med J. 2020;133(1513):81-8.
signiﬁcantly differ., While some Categories of blunt trauma 9. Forrester JD, Liou R, Knowlton LM, et al. Impact of shelter-in-place
(motor vehicle collisions, falls) significantly decreased after SIP order for COVID-19 on trauma activations: Santa Clara County,
orders, both urban sites in this study continued to experience California, March 2020. 2020. Available at: https://www.ncbi.nlm.nih.
a similar volume of penetrating trauma despite restrictions on gov/pmc/articles/PMC7228662/. Accessed August 11, 2020.
interpersonal gatherings and travel outside the home. 10. Kamine TH, Rembisz A, Barron RJ, et al. Decrease in trauma
admissions with COVID-19 pandemic. West J Emerg Med.
2020;21(4):819-22.
AdFIres§ for Cor.respondence: James Murrett, MD, Temple 11. Qasim, Z, Sjoholm L, Volgraf J, et al. Trauma center activity and
\ijr;theg::{a:gsSR[fsle’tP;lz?ar:jrgﬁ)r:i:,f E;?]rsgyel\r/]:r{ig/l’leg ﬂg?’;g;ﬁ surge response during the early phase of the COVID-19 pandemic —
james.murrett@tuhs.temple.edu. the Philadelphia story. J Trauma Acute Care Surg. 2020;89(4):821-8.
12. Centers for Disease Control and Prevention. Leading Causes of
Confiicts of Interest: By the WestJEM article submission agreement, Death and Injury — PDFs |Injury Center| CDC. 2020. Available from:
all au.thors.are required to disclose' all affiliations, funding sources https://www.cdc.goviinjury/wisqars/LeadingCauses.html. Accessed
and financial or management relationships that could be perceived
as potential sources of bias. No author has professional or financial August 11, 2020.
relationships with any companies that are relevant to this study. 13.  Global Burden of Disease 2016 Injury Collaborators, Naghavi M,
There are no conflicts of interest or sources of funding to declare. Marczak LB, et al. Global mortality from firearms, 1990-2016. JAMA.
C ight: © 2021 M ttetal. This i rticl 2018:320(8)792-614,
dizfr?agteci in accordaur:::?e v;that'he t:r:ﬁsagf?ﬁ:%?ggg\?: ?)olr(;fnons 14. Sutherland M, McKenney M, Elkbuli A. Gun violence during
Attribution (CC BY 4.0) License. See: http://creativecommons.org/ COVID-19 pandemic: paradoxical trends in New York City, Chicago,
licenses/by/4.0/ Los Angeles and Baltimore. Am J Emerg Med. 2021;39:225-6.
15. Mervosh S, Lu D, Swales V. See which states and cities have told
residents to stay at home. The New York Times. 2020. Available at:
REFERENCES https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-
1. Emergency Physicians. Public poll: emergency care concerns amidst home-order.html. Accessed August 11, 2020.
COVID-19. 2020. Available at: https://www.emergencyphysicians. 16. Collins K, Yaffe-Bellany D. About 2 million guns were sold in the
org/article/covid19/public-poll-emergency-care-concerns-amidst- U.S. as virus fears spread. The New York Times. 2020. Available
covid-19. Accessed August 11, 2020. at: https://www.nytimes.com/interactive/2020/04/01/business/
2. Garcia S, Albaghdadi MS, Meraj PM, et al. Reduction in ST- coronavirus-gun-sales.html. Accessed August 11, 2020.
segment elevation cardiac catheterization laboratory activations in 17. Coronavirus devastates Detroit police, from the chief on down.
the United States during COVID-19 pandemic. J Am Coll Cardiol. The New York Times. 2020. Available at: https://www.nytimes.
2020;75(22):2871-2. com/2020/04/20/us/coronavirus-detroit-police.html. Accessed August
3. Kansagra AP, Goyal MS, Hamilton S, et al. Collateral effect of 11, 2020.
Covid-19 on stroke evaluation in the United States. N Engl J Med. 18. Martinez N. Shootings in Louisville up by more than 150 percent
Volume 22, No. 5: September 2021 1065 Western Journal of Emergency Medicine


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228662/
https://www.cdc.gov/injury/wisqars/LeadingCauses.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/04/01/business/coronavirus-gun-sales.html
https://www.nytimes.com/interactive/2020/04/01/business/coronavirus-gun-sales.html
https://www.nytimes.com/2020/04/20/us/coronavirus-detroit-police.html
https://www.nytimes.com/2020/04/20/us/coronavirus-detroit-police.html
https://www.emergencyphysicians.org/article/covid19/public-poll-emergency-care-concerns-amidst-covid-19
https://www.emergencyphysicians.org/article/covid19/public-poll-emergency-care-concerns-amidst-covid-19
https://www.emergencyphysicians.org/article/covid19/public-poll-emergency-care-concerns-amidst-covid-19

Impact of COVID-19 and Shelter in Place on Volume and Type of Traumatic Injuries

Murrett et al.

19.

20.

during coronavirus outbreak. 2020. Available at: https://www.wave3.
com/2020/04/16/shootings-louisville-up-by-more-than-percent-during-
coronavirus-outbreak/. Accessed August 11, 2020.

Bates J. Gun violence continues in Chicago amid stay-at-home
orders | Time. 2020. Available at: https://time.com/5818553/gun-
violence-chicago-coronavirus/. Accessed August 11, 2020.

Newall M, Palmer C, Purcell D. Even the coronavirus can’t slow
Philly’s gun violence. 2020. Available at: https://www.inquirer.
com/news/philadelphia-gun-violence-shootings-rise-coronavirus-
pandemic-20200424.html. Accessed August 11, 2020.

27.

28.

Gupta DB, Chun Y, Lee H, et al. Housing hardships reach
unprecedented heights during the COVID-19 pandemic. 2020.
Available at: https://www.brookings.edu/blog/up-front/2020/06/01/
housing-hardships-reach-unprecedented-heights-during-the-covid-
19-pandemic/. Accessed August 11, 2020.

Beheshti N. 10 Eye-opening statistics on the mental health impact
of the coronavirus pandemic. 2020. Available at: https://www.forbes.
com/sites/nazbeheshti/2020/05/28/10-eye-opening-statistics-on-
the-mental-health-impact-of-the-coronavirus-pandemic/. Accessed
August 11, 2020.

21. Philadelphia has a gun violence epidemic. What if it were treated 29. Everytown Research & Policy. Gun violence and COVID-19. 2020.
like a contagious disease? 2020. Available at: https://www.inquirer. Available at: https://everytownresearch.org/report/gun-violence-and-
com/health/gun-violence-murder-victims-public-health-kenney- covid-19-colliding-public-health-crises/. Accessed August 11, 2020.
philadelphia-20191202.htm. Accessed August 11, 2020. 30. Temple University Hospital. Temple Health University Hospital

22. City of Philadelphia Office of the Mayor Department of Public Health. Community Health Needs Assessment. 2019. Available at: https://
Emergency Order Temporarily Prohibiting Operation of Non-Essential www.templehealth.org/sites/default/files/inline-files/tuh-chna-2019.
Businesses and Congregation of Persons to Prevent the Spread of 2019 pdf. Accessed March 18, 2020.

Novel Coronavirus (COVID-19). 2020. Available at: https://www.phila. 31. The New York Times. Minority workers who lagged in a boom are hit
gov/media/20200322130746/Order-2-Business-And-Congregation- hard in a bust. The New York Times. 2020. Available at: https://www.
Prohibition-Stay-At-Home.pdf. Accessed August 11, 2020. nytimes.com/2020/06/06/business/economy/jobs-report-minorities.

23. Reed JA, Smith RS, Helmer SD, et al. Rates of unemployment and html. Accessed August 11, 2020.
penetrating trauma are correlated. South Med J. 2003;96(8):772—4. 32. Bazemore A, Petterson S, Kushel M. Adults with housing insecurity

24. Kim D. Social determinants of health in relation to firearm-related have worse access to primary and preventive care. J Am Board Fam
homicides in the United States: a nationwide multilevel cross- Med. 2019;32(4):521-30
sectional study. PLoS Med. 2019;16(12):e1002978. 33. National Institute of Mental Health. A new look at racial/ethnic

25. Pew Research Center. NW 1615 L. St, Suite 800 Washington, differences in mental health service use among adults. 2020.
Inquiries D 20036 USA202-419-4300 | M-857-8562 | F-419-4372 | Available at: https://www.nimh.nih.gov/news/science-news/2015/a-
M. Unemployment rose higher in three months of COVID-19 than it new-look-at-racial-ethnic-differences-in-mental-health-service-use-
did in two years of the Great Recession. 2020. Available at: https:// among-adults.shtml. Accessed August 13, 2020.
www.pewresearch.org/fact-tank/2020/06/11/unemployment-rose- 34. Pew Research Center. Blacks suffer disproportionate share of firearm
higher-in-three-months-of-covid-19-than-it-did-in-two-years-of-the- homicide deaths. 2013. Available at: https://www.pewresearch.org/
great-recession/. Accessed August 11, 2020. fact-tank/2013/05/21/blacks-suffer-disproportionate-share-of-firearm-

26. News ABC. “Extreme inequality was the preexisting condition”: homicide-deaths. Accessed August 11, 2020.

How COVID-19 widened America’s wealth gap. 2020. Available at: 35. Oppel RA, Gebeloff R, Lai R, et al. The fullest look yet at the racial
https://abcnews.go.com/Business/extreme-inequality-preexisting- inequity of the coronavirus. The New York Times. 2020. Available
condition-covid-19-widened-americas/story?id=71401975. at: https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-
Accessed August 11, 2020. latinos-african-americans-cdc-data.html. Accessed August 11, 2020.

Western Journal of Emergency Medicine 1066 Volume 22, No. 5: September 2021


https://www.wave3.com/2020/04/16/shootings-louisville-up-by-more-than-percent-during-coronavirus-outbreak/
https://www.wave3.com/2020/04/16/shootings-louisville-up-by-more-than-percent-during-coronavirus-outbreak/
https://www.wave3.com/2020/04/16/shootings-louisville-up-by-more-than-percent-during-coronavirus-outbreak/
https://time.com/5818553/gun-violence-chicago-coronavirus/
https://time.com/5818553/gun-violence-chicago-coronavirus/
https://www.inquirer.com/news/philadelphia-gun-violence-shootings-rise-coronavirus-pandemic-20200424.html
https://www.inquirer.com/news/philadelphia-gun-violence-shootings-rise-coronavirus-pandemic-20200424.html
https://www.inquirer.com/news/philadelphia-gun-violence-shootings-rise-coronavirus-pandemic-20200424.html
https://www.inquirer.com/health/gun-violence-murder-victims-public-health-kenney-philadelphia-20191202.htm
https://www.inquirer.com/health/gun-violence-murder-victims-public-health-kenney-philadelphia-20191202.htm
https://www.inquirer.com/health/gun-violence-murder-victims-public-health-kenney-philadelphia-20191202.htm
https://www.phila.gov/media/20200322130746/Order-2-Business-And-Congregation-Prohibition-Stay-At-Home.pdf
https://www.phila.gov/media/20200322130746/Order-2-Business-And-Congregation-Prohibition-Stay-At-Home.pdf
https://www.phila.gov/media/20200322130746/Order-2-Business-And-Congregation-Prohibition-Stay-At-Home.pdf
https://www.pewresearch.org/fact-tank/2020/06/11/unemployment-rose-higher-in-three-months-of-covid-19-than-it-did-in-two-years-of-the-great-recession/
https://www.pewresearch.org/fact-tank/2020/06/11/unemployment-rose-higher-in-three-months-of-covid-19-than-it-did-in-two-years-of-the-great-recession/
https://www.pewresearch.org/fact-tank/2020/06/11/unemployment-rose-higher-in-three-months-of-covid-19-than-it-did-in-two-years-of-the-great-recession/
https://www.pewresearch.org/fact-tank/2020/06/11/unemployment-rose-higher-in-three-months-of-covid-19-than-it-did-in-two-years-of-the-great-recession/
https://abcnews.go.com/Business/extreme-inequality-preexisting-condition-covid-19-widened-americas/story?id=71401975
https://abcnews.go.com/Business/extreme-inequality-preexisting-condition-covid-19-widened-americas/story?id=71401975
https://www.brookings.edu/blog/up-front/2020/06/01/housing-hardships-reach-unprecedented-heights-during-the-covid-19-pandemic/
https://www.brookings.edu/blog/up-front/2020/06/01/housing-hardships-reach-unprecedented-heights-during-the-covid-19-pandemic/
https://www.brookings.edu/blog/up-front/2020/06/01/housing-hardships-reach-unprecedented-heights-during-the-covid-19-pandemic/
https://www.forbes.com/sites/nazbeheshti/2020/05/28/10-eye-opening-statistics-on-the-mental-health-impact-of-the-coronavirus-pandemic/
https://www.forbes.com/sites/nazbeheshti/2020/05/28/10-eye-opening-statistics-on-the-mental-health-impact-of-the-coronavirus-pandemic/
https://www.forbes.com/sites/nazbeheshti/2020/05/28/10-eye-opening-statistics-on-the-mental-health-impact-of-the-coronavirus-pandemic/
https://everytownresearch.org/report/gun-violence-and-covid-19-colliding-public-health-crises/
https://everytownresearch.org/report/gun-violence-and-covid-19-colliding-public-health-crises/
https://www.templehealth.org/sites/default/files/inline-files/tuh-chna-2019.pdf
https://www.templehealth.org/sites/default/files/inline-files/tuh-chna-2019.pdf
https://www.templehealth.org/sites/default/files/inline-files/tuh-chna-2019.pdf
https://www.nytimes.com/2020/06/06/business/economy/jobs-report-minorities.html
https://www.nytimes.com/2020/06/06/business/economy/jobs-report-minorities.html
https://www.nytimes.com/2020/06/06/business/economy/jobs-report-minorities.html
https://www.nimh.nih.gov/news/science-news/2015/a-new-look-at-racial-ethnic-differences-in-mental-health-service-use-among-adults.shtml
https://www.nimh.nih.gov/news/science-news/2015/a-new-look-at-racial-ethnic-differences-in-mental-health-service-use-among-adults.shtml
https://www.nimh.nih.gov/news/science-news/2015/a-new-look-at-racial-ethnic-differences-in-mental-health-service-use-among-adults.shtml
https://www.pewresearch.org/fact-tank/2013/05/21/blacks-suffer-disproportionate-share-of-firearm-homicide-deaths
https://www.pewresearch.org/fact-tank/2013/05/21/blacks-suffer-disproportionate-share-of-firearm-homicide-deaths
https://www.pewresearch.org/fact-tank/2013/05/21/blacks-suffer-disproportionate-share-of-firearm-homicide-deaths
https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html
https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html

ORIGINAL RESEARCH

Positive Toxicology Results Are Not Associated with
Emergency Physicians’ Opioid Prescribing Behavior

Jonathan B. Lee, MD* *University of California, Irvine, Department of Emergency Medicine, Orange, California
Ghadi Ghanem, BS* TUniversity of California, Irvine, Department of Anesthesiology & Perioperative Care,
Soheil Saadat, MD, PhD* Orange, California

Justin Yanuck, MD, MS*

Brent Yeung, MD'

Bharath Chakravarthy, MD, MPH*
Ariana Nelson, MD*

Shalini Shah, MD*

Section Editor: Brandon Wills, MD

Submission history: Submitted March 8, 2021; Revision received May 22, 2021; Accepted May 21, 2021
Electronically published August 30, 2021

Full text available through open access at http://escholarship.org/uc/uciem_westjem

DOI: 10.5811/westjem.2021.5.52378

Introduction: Given the general lack of literature on opioid and naloxone prescribing guidelines
for patients with substance use disorder, we aimed to explore how a physician’s behavior and
prescribing habits are altered by knowledge of the patient’s concomitant use of psychotropic
compounds as evident on urine and serum toxicology screens.

Methods: We conducted a retrospective chart review study at a tertiary, academic, Level | trauma
center between November 2017-October 2018 that included 358 patients who were discharged from
the emergency department (ED) with a diagnosis of fracture, dislocation, or amputation and received
an opioid prescription upon discharge. We extracted urine and serum toxicology results, number and
amount of prescription opioids upon discharge, and the presence of a naloxone script.

Results: The study population was divided into five subgroups that included the following: negative
urine and serum toxicology screen; depressants; stimulants; mixed; and no toxicology screens.
When comparing the 103 patients in which toxicology screens were obtained to the 255 patients
without toxicology screens, we found no statistically significant differences in the total prescribed
morphine milligram equivalent (75.0 and 75.0, respectively) or in the number of pills prescribed
(15.0 and 13.5, respectively). Notably, none of the 103 patients who had toxicology screens were
prescribed naloxone upon discharge.

Conclusion: Our study found no association between positive urine toxicology results for
psychotropically active substances and the rates of opioid prescribing within a single-center,
academic ED. Notably, none of the 103 patients who had toxicology screens were prescribed
naloxone upon discharge. More research on the associations between illicit drug use, opioids, and
naloxone prescriptions is necessary to help establish guidelines for high-risk patients. [West J Emerg
Med. 2021;22(5)1067-1075.]

INTRODUCTION by pharmaceutical companies, research indicating that

In 2017 the opioid epidemic in the United States was opioids were not addictive, and statements by medical
declared a public health emergency.' Opioid sales quadrupled ~ boards advocating for better treatment of pain.>* In 2018,
from 1999 to 2012, possibly fueled by a marketing push physicians wrote 51.4 opioid prescriptions per 100 people. On
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a population level, this amounted to 12.8% of men and 17.2%
of women in the US having at least one prescription filled for
an opioid in 2018.¢ That same year, with these high rates of
prescribing, an average of 3.6% of Americans 12 and older
self-reported prescription opioid abuse, resulting in 41 deaths
per day.®” A major push to curtail opioid prescriptions has
been initiated nationwide, yielding volumes of research and
effective strategies to limit prescriptions.

Opioid prescriptions in the emergency department (ED)
have been identified as a possible gateway for drug overuse
or addiction. In a recent study of 53 patients who reported
using heroin or nonmedical opioids, 59% of patients were
first exposed to opioids by prescription, 29% of whom were
first prescribed opioids in the ED.®* Furthermore, 12% of
patients with acute pain who are prescribed opioids for the
first time in the ED will continue to refill them after one
year.” The decision to prescribe opioids, and the quantity
of opioids, can be subjective and may be influenced by
the provider’s explicit and implicit biases. Studies have
found that opioid prescription rates are dependent on the
facility, physician, geographic location, and situational
or workload factors.!!* Other more implicit factors that
have been identified may include a patient’s age, race,
ethnicity, socioeconomic status, gender, insurance, clinical
presentation, and physician’s judgment as to whether a
patient may display drug-seeking behaviors.'*!

Physicians are often wary of prescribing opioids to
patients who have a history of drug abuse or are taking illicit
drugs that may cause an accidental overdose. However, this
situation is further complicated when patients require opioids
due to a major injury. Literature is sparse regarding guidelines
on prescribing controlled medications to patients with
suspected or confirmed illicit drug use.?’ Previous literature
has identified that individuals with alcohol, marijuana,
hallucinogen, cocaine, stimulant, heroin, and sedative use
disorders, as well as those with nicotine dependence, had a
higher prevalence of prescription opioid use disorders.?! These
individuals were also found to have used prescription opioids
non-medically more often than those without substance use
disorders, with an incidence rate ratio between 1.46 to 1.96.

Conversely, individuals misusing prescription opioids
had much higher odds of using illicit drugs, including heroin,
crystal methamphetamine, and cocaine.?” Given that nearly
two-thirds of prescription opioid deaths co-occurred with
cocaine, methamphetamine, or benzodiazepines, this presents
a challenge to physicians who are prescribing opioids to
patients with evidence of illicit substance use.” Furthermore,
a population-based cohort study of adolescents determined
that illicit drug use is a risk factor for future opioid misuse in
that population.* In light of this evidence, it would be prudent
for physicians to adjust their opioid prescribing habits, or co-
prescribe an overdose-reversing agent such as naloxone to
patients who require opioids but present with evidence of prior
illicit substance use.

Population Health Research Capsule

What do we already know about this issue?
Naloxone is an opioid antagonist designed to
reverse overdose. Clinicians are encouraged to
prescribe naloxone to patients who are at high
risk for overdose.

What was the research question?

Does the presence of illicit drugs on drug
screens have an association with naloxone or
opioid prescriptions?

What was the major finding of the study?

The presence of illicit drugs did not have an
association with rates of naloxone prescription
or on the number of opioids prescribed.

How does this improve population health?
Clinicians should evaluate all protocolized
labs ordered, as they may affect overall
management. Naloxone should be y considered
in the setting of high-risk, illicit drug use.

With the recent legalization and increase in the
use of cannabis and cannabinoid products including
tetrahydrocannabinol (THC) and cannabidiol (CBD) in
many states, it is important to consider the implications for
opioid prescriptions. The most psychoactive component in
the majority of cannabis products is THC, and it has been
identified as playing a principal role in the analgesic effects
of cannabis.??’ To date, research bridging the years before
and after medicinal and recreational cannabis legalization
has demonstrated that the introduction of cannabis has either
had no effect or decreased the quantity and dosage of opioid
prescriptions.?3! However, pre-clinical evidence is mixed
regarding the opioid-sparing effects of THC. High quality
clinical trials in humans are lacking, and results from the trials
that have been conducted are mixed.*

Given the general lack of literature on opioid-
prescribing guidelines for patients with substance
use disorder, we aimed to explore how a physician’s
behavior and opioid-prescribing habits may be altered by
knowledge of the patient’s concomitant use of psychotropic
compounds as evidenced on urine and serum toxicology
screens. Additionally, our goal was to elucidate which
patient populations are more likely to receive naloxone,
and whether knowledge of recreational drug use through
toxicology screens is associated with higher rates of
naloxone prescriptions.
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METHODS
Study Design and Setting
We conducted a retrospective chart review study in the

ED of a tertiary, academic, Level I trauma center, between
November 2017-October 2018.

Selection of Participants

Patients 18 years of age and older who were discharged
from the ED with a diagnosis of fracture, dislocation,
or amputation and received an opioid prescription upon
discharge were included in the study. We excluded from
the analysis patients who were admitted to the hospital,
transferred to another hospital, or not discharged with an
opioid prescription. The study was reviewed and approved
by the university’s institutional review board as an exempt
category (Protocol number: HS#2018-4529). Patient
informed consent was not applicable.

Measurements

We obtained our data from the hospital’s health records
database. We extracted the following information for each
patient: age; gender; diagnosis (/nternational Classification
of Diseases, 10" Modification); urine and serum toxicology
results; prescription medication (name and dose); and
quantity (number of tablets). For each patient we calculated
a total prescribed milligram (mg) morphine equivalent
(MME) by multiplying the prescribed amount (in mg) by
potency of prescribed medication. The data collection was
performed by a single abstractor, a pharmacist trained in
using structured query language and the Observational
Medical Outcomes Partnership. The abstractor was blinded
to the study hypothesis.

Patient Drug Use Classification

We divided the study population into five subgroups:
patients with negative urine and serum toxicology screen;
those who tested positive for depressants; stimulants;
mixed; and no toxicology screens. A basic urine drug
screen was used without confirmation testing. The drugs
identified on the urine drug screen were amphetamines,
barbiturates, cocaine, benzodiazepines, methadone,
opiates, phencyclidine, THC, propoxyphene, and MDMA
(3,4-methylenedioxy-methamphetamine). Alcohol was
a quantitative test tested through serum. Depressants
included patients who tested positive for alcohol,
opiates, benzodiazepines, or methadone. Stimulants
included patients with urine toxicology screens positive
for methamphetamine or cocaine. The mixed subgroup
contained urine or serum toxicology components from both
the depressant and stimulant classes, as described above.

Given that THC has a complex pharmacology and
its effects can vary from having depressant or stimulant
properties depending on the dose, type, and individual user,
any patient found to be THC positive was categorized as

“mixed.” Because opiates and benzodiazepines are often
used in the ED to treat painful conditions or for conscious
sedation for fracture or dislocation reductions, patients with
urine toxicology screens obtained after the ED administration
of opiates or benzodiazepines were presumed negative for
the substance, and the data was analyzed accordingly. Nine
cases were presumed negative due to the patients having
received an opioid or benzodiazepine prior to obtaining a
urine sample for drug screen analysis: seven patients were
presumed negative for opioids and recategorized from the
depressant group to the negative group; one patient was
presumed negative due to both benzodiazepine and opioid
administration and recategorized from the depressant group
to the negative group; and one patient was presumed negative
for opioids and recategorized from the mixed group (due to
presence of amphetamines) to the stimulant group. Of 103
patients who had a urine toxicology screen, eight had opioids
that could not be explained by a prior opioid prescription or
ED administration of an opioid. None of the patients in the
stimulants group had active prescriptions for amphetamine-
containing products such as dextroamphetamine for attention
deficit hyperactivity disorder. All opioids and benzodiazepines
identified to have been administered to these nine patients
were confirmed by the institution’s lab to have been
administered medications that are typically detected by the
urine toxicology screen.

Furthermore, for trauma activations, the trauma service
was actively involved in the care of patients including
decisions on imaging, inpatient analgesics, and disposition.
Once a patient is deemed stable for discharge from the ED
by the trauma service, the rest of the patient’s care is up to
the discretion of the emergency physician, which includes
any and all medication prescriptions and ultimate disposition
decisions. Lastly, as a supplementary analysis to look more
specifically into potential associations with THC use we
compared opioid prescriptions against three separate groups
that included patients with negative toxicology screens for
THC, patients with positive screens for THC, and patients
without a toxicology screen.

Analysis

Frequencies are reported as N (%). Continuous variables
are reported as mean + standard deviation (SD) or median
(percentile 25 to percentile 75) if not distributed normally,
as tested by the Kolmogorov-Smirnov test. Total prescribed
MME was calculated by multiplication of medications’
MME by total mgs prescribed. We measured the amount of
prescribed opioids by the number of pills (regardless of mg),
or the volume of liquids (adjusted for concentration). We
compared MME and prescribed amounts between subgroups
of patients with urine toxicology by using the Kruskal-Wallis
test. A P-value < 5% was considered statistically significant.
We used SPSS Statistics 26 for Windows (IBM Corporation,
Armonk, NY) for data analysis.

Volume 22, No. 5: September 2021

1069

Western Journal of Emergency Medicine



Positive Toxicology Results Not Associated with EP Opioid Prescribing Behavior

Lee et al.

RESULTS
Characteristics of Study Subjects

From November 2017—-October 2018, we
retrospectively obtained 2259 unique records from visits
associated with an opioid prescription upon discharge from
the ED. Of this population of patients, 358 had a diagnosis
of fracture (n = 335), dislocation(n =17), or amputation(n
= 6). Within this group, 103 had urine toxicology screens.
Of these 103 patients, 96 fractures. 7 dislocations, and 0
amputations were identified. Figure 1 displays overall study
enrollment and exclusion. The mean age was 45.16 £19.24,
72.8% (n = 75) were White, and 14.5% (n = 15) Asian.
Medicaid patients comprised 34.0% (n = 35) of patients,
31.1% (n = 32) had commercial insurance, and 17.5% (n =
18) had Medicare (Table 1).

Comparison of Morphine Milligram Equivalent
Prescriptions

The study population was divided into five subgroups
that included the following: negative urine and serum
toxicology screen (none); depressants; stimulants; mixed; and
no toxicology screens. The median total MME for the five
separate subgroups was as follows: none (75.0); depressant

2,259 Patients

Discharged
with Opioids
|
v ¥
Patients with fracture, ) )
H . Patients with other
dislocation, or di ;
amputation Ifin:;:lls
(n=358) ol
1
L 2 v
Urine Toxicology Urine Toxicology
Screen not Screen
Performed Performed
(n=255) (n=103)
1
v v ¥ 3
Negative Screen Stimulants Mixed Depressants
(n=58) (n=7) (n=27) (n=11)
Fracture = 52 Fracture =7 Fracture = 26 Fracture = 11
Dislocation=6 Dislocation=0 Dislocation=1 Dislocation=0
Amputation =0 Amputation =0 Amputation =0 Amputation =0

TOpioid + =4 ‘TOpioid + =4

Figure 1. Study enrollment and exclusion November 2017—
October 2018.

Recruitment, enrollment, and exclusion of subjects. Flowchart
indicates the study population and its categorization into the four
groups: negative tox screen; positive for stimulants; “mixed”;
and for depressants. In cases where the ED administered drugs
known to affect the results of urine toxicology screens, patients
were deemed presumptively negative for that substance and
recategorized.

1 Opioid + refers to the number of patients who had opioids on
urine toxicology screens that could not be explained by a prior
opioid prescription or ED administration of an opioid.

(100.0); stimulants (100.0); mixed (75.0); and no toxicology
screens (75.0) (Figure 2). The median total number of pills
for the five separate subgroups was as follows: none (13.5);
depressant (16.0); stimulants (15.0); mixed (15.0); and no
toxicology screen (15.0) (Figure 3). When comparing the
103 patients from whom toxicology screens were obtained
to the 255 patients without toxicology screens, we found

no statistically significant differences in the total prescribed
MME (75.0 and 75.0, respectively) or in the number of pills
prescribed (15.0 and 13.5, respectively). Notably, none of
the 103 patients who had toxicology screens were prescribed
naloxone upon discharge.

We also looked into whether the type of injury had any
association with opioid prescriptions. Our data, shown in
Table 2 below, indicates there was no statistically significant
difference in total prescribed MME (P = 0.886) or amount of
pills prescribed (P = 0.608) when comparing patients with
fractures, dislocations, or amputations.

As a supplementary analysis we aimed to determine
whether or not the presence of THC on urine toxicology
screens was associated with an increase or decrease in the
amount and total MME prescribed (Appendix, Table 1).

The median total prescribed MME for patients with urine
toxicology screens positive for THC was 87.5. The median
(total MME) for patients with urine toxicology screens
negative for THC was 75.0, and there was no statistically
significant difference between the two groups (P = 0.991). The
median total number of pills for patients with urine toxicology
screens positive for THC was 15.0. The median total number
of pills for patients with urine toxicology screens negative

for THC was 15.0, and there was no statistically significant
difference between the two groups (P = 0.740).

DISCUSSION

At our Level I trauma center it is routine to obtain
urine and serum toxicology screens for trauma activations.
Most often, the results of these toxicology screens are
not pertinent and will not significantly affect the patient’s
disposition. However, previous reports have suggested that
in some circumstances the urine drug screen is of utility in
improving patient care by identifying patients who are at risk
for diversion and mismanagement of controlled substances.*
Our results did not substantiate these reports. For context,
providers in California must consult the Controlled Substance
Utilization Review and Evaluation System (CURES),
the state’s prescription drug monitoring program, prior to
prescribing Schedules II-IV controlled substances for the
first time and at least once every four months thereafter if the
patient continues to use the controlled substances**

However, if prescribed in the ED, providers do not
have to consult CURES if the quantity of controlled
substance does not exceed a nonrefillable seven-day supply.
In fact, it is common practice to prescribe less than one
week’s supply and to consult CURES only if the prescriber
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Table 1. Baseline characteristics of patients with a diagnosis of fracture, dislocation, or amputation.

Urine/serum toxicology obtained

No Yes Total
Age (Mean % SD) 44.7 £ 19.63 452 £19.24 44.8 £ 19.50
Gender (N, %)
Female 193 75.7% 71 68.9% 264 73.7%
Male 62 24.3% 32 31.1% 94 26.3%
Total 255 100.0% 103 100.0% 358 100.0%
Race (N, %)
American Indian or Alaska Native 1 0.4% 0 0.0% 1 0.3%
Asian 35 13.7% 6 5.8% 41 11.5%
Black or African American 3 1.2% 2 1.9% 5 1.4%
Multi-race 1 0.4% 7 6.8% 8 2.2%
Native Hawaiian or other Pacific 2 0.8% 0 0.0% 2 0.6%
Islander
Other race 32 12.5% 11 10.7% 43 12.0%
White 181 71.0% 77 74.8% 258 72.1%
Total 255 100.0% 103 100.0% 358 100.0%
Ethnicity (N, %) 100 39.2% 43 41.7% 143 39.9%
Hispanic or Latino
Not Hispanic or Latino 153 60.0% 55 53.4% 208 58.1%
Unknown 2 0.8% 5 4.9% 7 2.0%
Total 255 100.0% 103 100.0% 358 100.0%
Insurance (N, %) 66 25.9% 42 40.8% 108 30.2%
Commercial
Medicaid 106 41.6% 35 34.0% 141 39.4%
Medicare 43 16.9% 11 10.7% 54 15.1%
Other 24 9.4% 0 0.0% 24 6.7%
Other public 11 4.3% 14 13.6% 25 7.0%
Self-pay 5 2.0% 1 1.0% 6 1.7%
Total 255 100.0% 103 100.0% 358 100.0%

has suspicion of diversion, misuse, or abuse. For these
reasons we suspect CURES reports likely had limited to no
effect on prescribing habits.

A large-scale study based upon Medicaid States Drug
Utilization Data found an associated decrease in the number
of opioid prescriptions, dosages, and Medicaid spending in
states that have legalized medical cannabis.*® A similar study
found that in states that have legalized recreational marijuana,
there was a notable decrease in opioid prescriptions of about
6.38%.% Since then, several studies have failed to demonstrate
similar findings in actual clinical practice, and many have
actually found that cannabis use was associated with an
increased risk of opioid use disorder and opioid misuse.***

In our study, we found no statistically significant
difference in opioid prescriptions in terms of either total
MME or number of pills prescribed between groups.

Thus, we do not see that emergency physicians reduce or
significantly change the quantity of prescribed opioids when
urine toxicology screens are noted to be positive for THC.
This was consistently true even when our study population
was divided into different classes of toxicology results
(stimulants, depressants, mixed, and negative results). There
was also no difference in opioid prescriptions between
these four separate groups. Thus, physician knowledge of
prior drug use was not associated with a decrease in the
total quantity (MME) of opioid prescriptions. This may be
explained in part by the legal status of cannabis in the state
of California and may portend an overall reduction in the
stigma that was previously endured by patients who used
cannabis medicinally or recreationally.

Another salient finding within this data was the absence
of naloxone prescriptions for any patient in this study. In the
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Figure 2. The median total morphine milligram equivalents across
drug classes.

There was no statistically significant difference in the median

total morphine milligram equivalent between the five subgroups
(p=0.074).

* Represents outliers.

MME, morphine milligram equivalent.
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Figure 3. The median total amount of medications prescribed
across drug classes.

There was no statistically significant difference in the median
number of pills between the five subgroups (P = 0.684).
*represents outliers.

UToX, urine toxicology screen.

state of California, Assembly Bill No. 2760 was passed on
September 10, 2018, and took effect January 1 2019. This
bill mandates that opioid prescribers must offer a prescription
of naloxone hydrochloride when the prescription dosage

is 90 MME or more per day, when an opioid is prescribed
concurrently with a benzodiazepine, and when the patient is
at increased risk for overdose, which includes patients with

a history of overdose, patients with substance use disorder,
or patients at risk for returning to a high dose of opioid

Table 2. Association between injury type and opioids prescribed.

Injury type
Amputation  Dislocation Fracture

Total prescribed

MME
Count 6 17 335
Minimum 50.0 25.0 15.0
Maximum 280.0 200.0 1800.0
Median 80.0 75.0 75.0
Mean 123.3 84.6 98.3
Standard 95.64 47.09 120.06
deviation

Amount prescribed

(liquids are divided

by concentration)
Minimum 10.0 5.0 3.0
Maximum 40.0 25.0 72.0
Median 16.0 15.0 15.0
Mean 20.0 13.6 15.9

There was no statistically significant difference in total prescribed
MME (P = 0.886) or amount prescribed (P = 0.608) between
fracture, dislocation, and amputation groups.

MME, morphine milligram equivalent.

medications.* We collected the data for our study prior to the
enactment of this law. However, it is prudent to recognize that
even within this law, there is no clear mandate on prescribing
naloxone based upon toxicology results that imply higher risk
of'illicit drug use, such as urine drug screens that are positive
for both opioids and benzodiazepines. We also found that of
the 103 patients who had toxicology screens performed, 57
(55.3%) were prescribed a total MME <90, and 46 (44.7%)
were prescribed a total MME >90. Thus, had the law been
in effect, 44.7% of these patients should have received a
prescription for naloxone regardless of their drug screens,
strictly due to the total MME prescribed. While this study
was performed at an academic tertiary care center, if it were
repeated at other community-based institutions, we could see
similar patterns regarding the lack of naloxone prescriptions.
Furthermore, we undertook this study in Orange County,
California, a densely populated setting in Southern California
that was ranked 17" out of 58 counties in the state for rates
of prescription opioid deaths and unintentional injuries. Drug
overdose was the largest contributor and the number 1 cause
of death in patients between the ages of 15-44 years old.*#
One study that surveyed emergency providers at an
academic, urban, Level I trauma center found that the
factors most commonly influencing providers’ willingness
to prescribe naloxone were the prevalence of prescribing
these medications in their institution, or if there was a strong
mortality benefit.* Sixty-two percent of prescribers endorsed
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that lack of training was a barrier to prescribing, and 52%
cited lack of knowledge as a barrier. Thus, it is pertinent that
as a medical community, we focus on methods to improve
research and education on naloxone so that prescribing

can become a more common practice. Several initiatives
have been developed and described in the literature aimed
at improving naloxone prescription rates. Some examples
include screening questionnaires for patients, pharmacy-led
opioid overdose risk assessments, and multi-disciplinary
teams with clinical nurse specialists for overdose education
and naloxone distribution.

In one study a program was implemented within the
electronic health record (EHR) system to search for keywords
within nursing assessment notes to identify patients who
were at high risk for opioid overdose. This then prompted
the physician to consider naloxone prescriptions. Overall, the
study found that since implementation of this integrated EHR
programming, there was an associated increase in the rate of
take-home naloxone prescriptions.* Implementation of similar
programming in EHRs could be used to flag patients with
toxicology results positive for high-risk illicit drug use such
as benzodiazepines, other opiates, and alcohol. These flagged
patients could then trigger a prompt to consider prescribing
naloxone if the clinician attempts to prescribe an opioid.
Given that some states have implemented mandates requiring
the prescription of naloxone when prescribing opioid regimens
greater than 90 MME, an additional prompt from the EHR
recommending naloxone in these situations may prove useful
to ensure compliance with local laws and practice guidelines.*

LIMITATIONS

Limitations of this study include the small sample size and
retrospective nature of the review. Given that we conducted
the study in a single-center, urban, academic, tertiary care
center, we cannot extrapolate the results to community-based
EDs or EDs in other states with their own state-specific laws
regarding medical and recreational cannabis use. Furthermore,
our patient population is unique to the region and cannot be
generalized to the general US population.

In California, adult recreational use of cannabis was
legalized in January 2018 under proposition 64.** The study
was conducted between November 2017—October 2018. Two
months of data were collected prior to official legalization of
adult-use recreational cannabis, and the remaining 10 months
of data collection occurred after the January 1, 2018, start date
of legal cannabis sales for recreational use. Given this, it is
unclear how the new legislation might have affected physician
perceptions of cannabis use. Future studies should expand the
dataset to include data prior to legalization, and one full year
after legalization to account for a washout period after which
recreational use of cannabis was legalized.

Our database only included data for patients who
received an opioid prescription. We could not analyze how
drug screens may have affected disparities in prescribing

opioids vs non-opioid analgesics to patients. Additionally.
several confounding variables regarding opioid prescribing
were not accounted for, such as the severity of injury,
presence of multiple or prior injuries, race/ethnicity, payor
type, prescriptions of non-opioids, verbally obtained

social history, or comorbid conditions. Lastly, although
use of urine toxicology screening provides us with an
objective measure of drug use, there are limitations given
these screens cannot tell us how frequently substances are
being used or whether a positive screen means the patient
is under the drug’s effects or it had been used in the past.
Patients who are daily users of recreational drugs or actively
intoxicated upon evaluation in the ED have different risk
profiles than the occasional user.

CONCLUSION

Our study at a single-center academic ED found no
association between positive urine toxicology results for
psychotropically active substances and significant difference
in opioid prescriptions in terms of either total morphine
milligram equivalent or the number of pills prescribed. The
type of drug identified in urine toxicology screening did not
have an association with the quantity of opioids prescribed
or the rate of naloxone prescribing. Of note, our findings
may act as a reminder that emergency physicians should
evaluate all labs ordered by protocol-based order sets, as
these often-overlooked tests may affect overall management
and/or disposition. Further studies are needed to determine
whether cannabis or illicit drug use influences the rate of
opioid prescriptions, and how legalization of recreational
use of cannabis has influenced physician prescribing habits
and whether these findings can be generalized over larger
populations and in states where cannabis has not been
legalized. Overall, we observed a notable lack of naloxone
prescriptions within a high-risk group of patients, underlining
the need for further educational and/or institutional guidelines
for naloxone prescribing.
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Introduction: We aimed to characterize emergency department (ED) utilization and clinical
characteristics of patients with substance use disorder (SUD) seeking emergency care for all reasons.

Methods: Using 2016-2017 ED data from the National Hospital Ambulatory Medical Care Survey, we
investigated demographics, ED resource utilization, and clinical characteristics of patients with SUD vs
those without SUD.

Results: Of all adult ED visits (N = 27,609) in the US in 2016—2017, 11.1% of patients had SUD. Among
ED patients with SUD, they were mostly non-Hispanic White (62.5%) and were more likely to be male
(adjusted odds ratio [aOR] 1.80 confidence interval [CI], 1.66-1.95). Emergency department patients with
SUD were also more likely to return to the ED within 72 hours (aOR 1.32, Cl, 1.09-1.61) and more likely
to be admitted to the hospital (aOR 1.28, Cl, 1.14-1.43) and intensive care unit (aOR 1.40, Cl, 1.05-1.85).

Conclusion: Patients with SUD have specific demographic, socioeconomic, and clinical characteristics
associated with their ED visits. These findings highlight the importance of recognizing co-existing SUD as
risk factors for increasing morbidity in acutely ill and injured patients, and the potential role of the ED as a
site for interventions aimed at reducing harm from SUD. [West J Emerg Med. 2021;22(5)1076—1085.]

INTRODUCTION

Studies have shown people with substance use
disorders (SUD) are more likely to experience trauma,
report lower quality of life, and be diagnosed with mental
illness, cancer, and heart disease.'" According to the 2017
National Survey on Drug Use and Health,* almost 74%
of adults with a SUD had an alcohol use disorder and

approximately 38% of adults with a SUD had an illicit
drug use disorder. Substance use, misuse, and SUD cost
American society more than $740 billion annually in lost
workplace productivity, healthcare expenses, and crime-
related costs.>!?

Substance-related injuries, soft tissue infections, and
overdoses often result in admissions to the emergency
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department (ED), and therefore provide a window of opportunity
to identify and connect people with SUD for treatment and
referral services.!!? Previous studies found that socioeconomic
status influenced a person’s substance use.'*!'* However, there
is limited research using nationally representative samples to
examine the association between patients with SUD and the
characteristics of their ED visits.!” Through better understanding
the medical care needs of people with SUDs, EDs can be the
bridge to connect patients to evidence-based interventions to the
community upon discharge.'

To better understand the relationship between SUDs
and ED visits, we conducted a secondary analysis of a large
nationally representative dataset. In particular, the current
study aimed to do the following: 1) estimate ED use by
patients with SUD; 2) characterize the clinical presentation
of ED patients with SUD; and 3) examine factors associated
with clinical outcome and resource utilization for ED patients
with SUD. The goal of the study was to provide information
that could potentially improve quality of ED care delivered to
patients with SUD.

METHODS
Study Population
We performed a cross-sectional study on the adult
patients (age> 18 years) (N = 27,609) in the National Hospital
Ambulatory Medical Care Survey-Emergency Department
subfile NHAMCS-ED) from 2016-2017." The NHAMCS-ED
is a nationally representative, multistage, stratified probability
sample of ED visits in the United States, administered by
the National Center for Health Statistics, a branch of the US
Centers for Disease Control and Prevention.?” The 2016-2017
NHAMCS-ED data were collected from about 600 hospital-
based EDs across all 50 states. The NHAMCS-ED survey uses
a standardized template to collect detailed information from
approximately 100 patients per hospital-based ED annually.
This study was determined to be exempt by the institutional
review board since we used publicly available data.

Study Design and Variables

The primary outcome for this study was the percentage
of ED patients diagnosed with SUD. We identified SUD visits
to US EDs by adults (age> 18 years) with a chief diagnosis
or mental health condition relating to alcohol and/or other
drug use disorder. The NHAMCS-ED collects up to three
main diagnosis codes for ED visits and two health history
codes relating to alcohol or other drug use disorder, using
the International Classification of Diseases, Tenth Revision
Clinical Modification (ICD-10-CM) codes.

A patient was classified with SUD if an alcohol or
other drug use disorder was identified using two approaches
during the ED visit. First, an alcohol use disorder (AUD)
was considered to be present when the box on the patient
record form for the question “Does the patient have alcohol
misuse, abuse, or dependence?”” was checked from the

Population Health Research Capsule

What do we already know about this issue?
Substance-related health issues often result in
admissions to the emergency department (ED),
however, the population’s characteristics of the
ED visits related to substance use disorder (SUD)
haven 't been systemically studied.

What was the research question?

What are the factors that associated emergency
department (ED) use for ED patients with
substance use disorders?

What was the major finding of the study?

11.1% of ED patients had substance use disorder,
and were more commonly male, non-Hispanic
White, subject to repeat ED visits and more likely
to be admitted and sent to the intesive care unit.

How does this improve population health?

These findings highlight the potential role of the
emergency department as a site for interventions
aimed at reducing harm from SUD.

patient’s electronic health record. Similarly, drug use disorder
(DUD) was present when the box on the patient record form
for the question “Does the patient have substance abuse or
dependence?” was checked by the physician.

Second, we classified patients as having SUD if one of
the following ICD-10-CM codes were included in the three
providers’ diagnosis codes listed on the patient record form: F/0,
Fll, FI2, FI3, Fl4, F15, Fl6, F17, F18, F19, and corresponding
pediatric codes.?! The above codes for SUD include codes for
alcohol-related disorders, opioid-related disorders, cannabis-
related disorders, sedative-, hypnotic-, or anxiolytic-related
disorders, cocaine-related disorders, other stimulant-related
disorders, hallucinogen-related disorders, nicotine dependence,
inhalant-related disorders, and other psychoactive substance-
related disorders. In this study, we classified four SUD statuses:
alcohol use disorder (AUD only); other drug use disorder (DUD
only, including nicotine dependence); alcohol or drug use
disorder (SUD); and no alcohol or drug use disorder.

Secondary outcomes included the Emergency Severity Index
(ESI) score (a five-level ED triage algorithm assigning patients
a score from 1 [most urgent] to 5 [least urgent] on the basis of
acuity and resource needs); hospital admission; intensive care
unit (ICU) admission; blood tests; imaging (including radiograph,
computed tomography, ultrasound, and magnetic resonance
imaging (MRI); procedures (bilevel positive airway pressure/
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continuous positive airway pressure; bladder catheter; cast, splint,
wrap; central line other; intravenous (IV) fluids; cardiopulmonary
resuscitation; endotracheal intubation; incision and drainage;

IV fluids; lumbar puncture; nebulizer therapy; pelvic exam;

skin adhesives; suturing/staples; other); patient’s waiting time;
whether the patient left before triage or treatment; and whether
the patient died in the ED/hospital.

Covariates included demographic characteristics (age,
gender, race/ethnicity, region); socioeconomic status indicators,
including residence (private home, nursing home, homeless,
other) and insurance (private insurance, Medicare, Medicaid/
Children’s Health Insurance Program, uninsured, other); day
and mode of arrival; triage vital signs (temperature, pain scale,
blood pressure, etc); whether this visit related to an injury/trauma
overdose/poisoning /adverse effect of medical/surgical treatment;
and reason for the ED visit. To assign a primary reason for each
ED visit, we synthesized 10 system-based symptom clusters
from the nine symptom modules used in the NHAMCS (p. 23 in
2016 documentation).”” Note that, as per the NHAMCS modules,
our “Reason for ED Visit — Psychiatric” cluster excluded
the following: alcoholism; adverse effects of alcohol; drug
(prescription and illicit) addiction/dependence; drug intoxication;
intentional drug overdose; and unintentional overdose.

Statistical Analyses

We described and compared population characteristics
between ED patients with SUD vs those without SUD using
Pearson’s chi-squared test for survey samples and Rao-
Scott chi-squared test for weighted samples. After adjusting
for confounding factors, we used logistic regression to test
associations between SUD and the covariates. We also used
logistic regression to investigate associations between SUDs
and secondary outcomes, testing for mediation by covariates.
The NHAMCS-ED dataset used in this analysis relies on a
sequential hot-deck method to impute three-digit ICD-10-
CM codes for items such as age, gender, primary diagnosis,
ED volume, and geographic region. Other variables were
imputed with the median of the corresponding variables prior to
generating the logistic regression models. We used SAS version
9.4 (SAS Institute Inc., Cary, NC) for our analysis, setting o
= (.05 as the statistical significance threshold. All odds ratios
were calculated with 95% confidence intervals (CI).

RESULTS

The characteristics of ED visits made by SUD and
non-SUD patients are shown in Table 1, Table 2, and
Supplement Table 1. In 2016-2017, there were 27,609 adult

Table 1. Baseline characteristics of patients presenting to the emergency department, stratified by alcohol/ drugs substance use

disorder, *"NHAMCS 2016-2017(unweighted sample).

All DUD only AUD only SUD (DUD or AUD) No SUD
27,609 2,668(9.7) 1,265(4.6) 3,282(11.9) 24,327(88.1)
Male 2,031(43.6) 1,519(56.9)** 870(68.8)** 1,926(58.7)** 10,105(41.5)
Age o - o
18-25 3,978(14.4) 402(15.1) 106(8.4) 449(13.7) 3,529(14.5)
26-39 7,598(27.5) 884(33.1) 300(23.7) 1,025(31.2) 6,573(27.0)
40-49 4,237(15.4) 505(18.9) 243(19.2) 624(19.0) 3,613(14.9)
50-59 4,338(15.7) 531(19.9) 384(30.4) 705(21.5) 3,633(14.9)
60-74 4,496(16.3) 293(11.0) 210(16.6) 408(12.4) 4,088(16.8)
275 2,962(10.7) 53(2.0) 22(1.7) 71(2.2) 2,891(11.9)
Race/ethnicity > * >
NH White 12,731(60.3) 1,226(63.2) 544(58.0) 1,494(62.5) 11,237(60.0)
H White 1,550(7.3) 102(5.3) 61(6.5) 137(5.7) 1,413(7.5)
NH Black 4,796(22.7) 450(23.2) 233(24.8) 557(23.3) 4,239(22.6)
H Black 70(0.3) 9(0.5) 4(0.4) 11(0.5) 59(0.3)
Hispanic (Other) 1,096(5.2) 81(4.2) 61(6.5) 109(4.6) 987(5.3)
Asian 548(2.6) 27(1.4) 15(1.6) 33(1.4) 515(2.8)
Other 325(1.5) 45(2.3) 20(2.1) 51(2.1) 274(1.5)

*NHAMCS, National Hospital Ambulatory Medical Care Survey.

Note: the missing proportion for residency type and arriving by ambulance is less than 5%; for insurance, temperature and seen within
72h, 5% - 10 %; for race/ethnicity, 20% - 25%; for pain level, 29%; Independent test was performed on categories of drug use disorder
(DUD), alcohol use disorder (AUD), and drug or alcohol use disorder (SUD). Pearson’s chi-squared test was performed on unweighted
samples, and Rao-Scott corrected chi-squared test was performed on weighted samples. *P < 0.05, ** P < 0.01,

NH, non-Hispanic; H, Hispanic.
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Table 1. Continued.

All DUD only AUD only SUD (DUD or AUD) No SUD
Residence type > ** >
Private residence 25,607(94.7) 2,303(89.0) 1,029(84.7) 2,829(88.8) 22,778(95.5)
Nursing home 506(1.9) 10(0.4) 12(1.0) 19(0.6) 487(2.0)
Homeless 485(1.8) 209(8.1) 138(11.4) 256(8.0) 229(1.0)
Other 434(1.6) 66(2.6) 36(3.0) 83(2.6) 351(1.5)
Insurance type > > >
Private insurance 7,380(29.3) 521(21.6) 225(20.2) 635(21.6) 6,745(30.4)
Medicare 6,499(25.8) 366(15.2) 205(18.4) 494(16.8) 6,005(27.0)
Medicaid or CHIP 7,916(31.5) 1,153(47.9) 521(46.8) 1,377(46.7) 6,539(29.4)
Uninsured 2,482(9.9) 284(11.8) 123(11.0) 335(11.4) 2,147(9.7)
Other 889(3.5) 85(3.5) 40(3.6) 105(3.6) 784(3.5)
Day of ED visit > > >
Weekend 7,277(26.4) 736(27.6) 368(29.1) 907(27.6) 6,370(26.2)
Weekdays 20,332(73.6) 1,932(72.4) 897(70.9) 2,375(72.4) 17,957(73.8)
Arrive by ambulance 5074(18.9) 756(28.9)** 596(48.3)** 1,034(32.2)** 4,040(17.1)
Seen within last 72 870(3.4) 121(4.9)* 73(6.2)** 157(5.2)** 713(3.2)
hours
Pain level at > > >
presentation
No pain 4,831(24.8) 517(29.3) 333(41.7) 666(30.7) 4,165(24.0)
Mild 1,868(9.6) 120(6.8) 58(7.3) 156(7.2) 1,712(9.9)
Moderate 6,019(30.8) 476(27.0) 180(22.5) 576(26.6) 5,443(31.4)
Severe 6,801(34.8) 653(37.0) 228(28.5) 770(35.5) 6,031(34.8)
Temperature at 36.8(0.4) 36.7(0.4) 36.7(0.4) 36.7(0.4) 36.8(0.4)
presentation
Heart rate at 85.9(17.5) 89.6(17.6) 91.9(18.7) 90.1(18.0) 85.3(17.4)
presentation
DBP at presentation 80.4(14.7) 82.0(14.7) 82.7(15.1) 82.2(14.9) 80.1(14.6)
SBP at presentation 137.4(23.6) 134.9(21.7) 134.1(22.2) 135.0(22.0) 137.7(23.8)
Census region
Northeast 4,503(16.3) 388(14.5) 265(20.9) 507(15.4) 3,996(16.4)
Midwest 6,756(24.5) 814(30.5) 253(20.0) 940(28.6) 5,816(23.9)
South 9,720(35.2) 835(31.3) 343(27.1) 1,004(30.6) 8,716(35.8)
West 6,630(24.0) 631(23.7) 404(31.9) 831(25.3) 5,799(23.8)
Visit related to injury 8,493(30.8) 910(34.1)** 575(45.5)** 1,192(36.3)** 7,301(30.0)

CHIP, Children’s Health Insurance Program; ED, emergency department; DUD, drug use disorder; AUD, alcohol use disorder; SUD, drug
or alcohol use disorder; DBP, diastolic blood pressure; SBP, systolic blood pressure.

ED visits in the US, and 3282 (11.1%) involved SUD.
Among all ED visits that involved SUD, 18.7% involved

AUD only, and 61.5% involved DUD only. The proportion
of ED visits by patients with SUD varied by US geographic

areas: Northeast, 15.4%; Midwest, 28.6%; South, 30.6%;
and West, 25.3% (P <0.01).
The gender and race/ethnicity distributions of the

sample varied across diagnostic groups. Male patients were

more likely to have a SUD than females. Furthermore,

non-Hispanic White patients were more likely to receive a
diagnosis than other races or ethnicities. Patients aged 26-
39 were more heavily represented in DUD only, while ED
patients aged 50-59 were more likely to be diagnosed as

AUD only.

Table 3 describes the association between ED patients’
characteristics (demographic, socioeconomic, and clinical)
and their SUD status using multiple logistic regression
analyses. We found that male patients with SUD status
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Table 2. Selected reason for visit and emergency department diagnosis among patients with drugs/alcohol substance use disorder,

*NHAMCS 2016-2017.

All DUD only AUD only SUD (DUD or AUD) No SUD
General 5,305(19.2) 533(20.0) 235(18.6) 638(19.5) 4,667(19.2)
Psychiatric 1,146(4.2) 343(12.9) 231(18.3) 428(13.1) 718(3.0)
Neurologic 2,031(7.4) 167(6.3) 77(6.1) 202(6.2) 1,829(7.5)
Cardiovascular and 591(2.1) 47(1.8) 22(1.7) 57(1.7) 534(2.2)
lymphatic
Eyes and/or ears 563(2.0) 25(0.9) 4(0.3) 29(0.9) 534(2.2)
Respiratory 2,732(9.9) 202(7.6) 53(4.2) 233(7.1) 2,499(10.3)
Digestive 4,360(15.8) 382(14.3) 132(10.4) 468(14.3) 3,892(16.0)
Genitourinary 1,490(5.4) 66(2.5) 16(1.3) 78(2.4) 1,412(5.8)
Dermatologic 796(2.9) 73(2.7) 15(1.2) 81(2.5) 715(2.9)
Musculoskeletal 4,073(14.8) 315(11.8) 95(7.5) 370(11.3) 3,703(15.2)
Other 4,484(16.3) 512(19.2) 384(30.4) 695(21.2) 3,789(15.6)

*NHAMCS, National Hospital Ambulatory Medical Care Survey.

DUD, drug use disorder; SUD, substance use disorder; AUD, alcohol use disorder.

were more likely to be frequent users of EDs than female
patients with SUD (adjusted odds ratio [aOR] 1.79, CI,
1.66-1.94). Among ED patients, Asians were 50% less
likely (aOR 0.50, CI, 0.34-0.73) than non-Hispanic Whites
to be diagnosed with a SUD. Among all SUD status
patients, compared to ED patients inhabiting a private
residence, homeless patients were 4.04 (aOR 4.04, CI,
3.29-4.96) times more likely to be in SUD status, while
people living in nursing homes were 68% (aOR 0.32,

CI, 0.20-0.52) less likely to have SUD. In terms of mode
of arrival, ED visits by patients with SUD were 2.29
(aOR 2.29, CI, 2.09-2.52) times more likely to arrive via
emeregency medical services.

Further, ED patients with AUD were 3.36 (aOR 3.36, CI,
2.95-3.82) times more likely to arrive by ambulance, which
was much higher than the ED patient with DUD. In terms
of physical characteristics of ED visits, among ED patients
with SUDs they were more likely to have faster heart rates
compared to heart rates under 90 beats per minute (heart rate
in 90-100, CI, 1.16-1.43; heart rate in 100-110, CI, 1.22-1.58;
heart rate in 110-120, CI, 1.32-1.85; heart rate over 120, CI,
1.60-2.35). In addition, ED patients with SUDs were 1.32
(aOR 1.32, CI, 1.09-1.61) times more likely to have a revisit
within 72 hours. Regarding reasons for ED visits classified
by symptom modules, ED patients with SUD were 3.08
(aOR 3.08, CI, 2.62-3.62) times more likely to present with
psychiatric symptoms than general symptoms, and their ED
visits were 1.19 (aOR 1.19, CI, 1.07-1.33) more likely to be
related to injury.

Table 4, Table 5, and Supplement Table 2 illustrate
the association of ED patients’ characteristics (ESI score,
hospital admission, ICU admission, and medical resources
utilization) and their status on SUD; the association has

been adjusted by demographic, socioeconomic, and clinical
confounding factors. We found ED visits of patients with
SUD were less likely to apply imaging diagnoses. For
example, radiograph was 11% (aOR 0.89, CI, 0.82-0.97)
less likely to be used for ED visits of patients with SUD.
Other imaging diagnosis examinations, such as ultrasound
and MRI, showed similar trends for patients with SUD.
More details are shown in Table 5. Additionally, ED
patients with SUD tended to have a higher hospitalization
rate; they were 1.28 (aOR 1.28, CI, 1.14-1.43) and

1.40 (aOR 1.40, CI, 1.05-1.85) times more likely to be
hospitalized and admitted to the ICU, respectively. In
addition, ED visits by patients with SUD were 1.31 (aOR
1.31, CI, 1.15-1.49) times more likely to have mortality in
the ED compared to other ED visits.

DISCUSSION

We present a comprehensive study describing the
national characteristics of ED patients with SUD. As
opposed to previous studies,'”?* we used a more recent
national sample and included adult patients with both
SUD medical history and with a SUD diagnosis at the
current ED visits. It is estimated that out of 5.1 million
drug-related ED visits, nearly one-half (49%) were due
to drug misuse or abuse.'” Thus, the ED can be the initial
entry point for people with SUD to receive and be referred
for treatment and recovery support services. The study by
Moulin et al showed that people with SUDs are more likely
to experience homelessness, suffer from mental illness,
require ambulance services, and return to the ED than
people without SUDs?*; and the results from the current
study are consistent with these findings. Further, patients
with SUD were more likely to be hospitalized and admitted
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Table 3. Association between alcohol/substance use disorder status in emergency department patients and their visit characteristics

(*NHAMCS 2016-2017).

SUD (AUD or DUD) AUD only DUD only
Crude OR Adjusted OR Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)

Age
18-25
26-39
40-49
50-59
60-74
275
Male vs female
Race/ethnicity
NH White
White
NH Black
Black
Hispanic
Asian
Other
Day of week
Weekdays
Weekends
Residence type
Private residence
Nursing home
Homeless
Other
Insurance type
Private insurance
Medicare
Medicaid or CHIP
Uninsured
Other
Temperature
36°C-38°C
<36°C
> 38°C
Heart rate
<90
90-100
100-110
110-120

Reference [1]

1.23(1.09-1.38)
1.36(1.19-1.55)
1.53(1.34-1.73)
0.78(0.68-0.90)
0.19(0.15-0.25)
2.00(1.86-2.15)

Reference [1]

0.73(0.61-0.88)
0.99(0.89-1.10)
1.40(0.74-2.68)
0.83(0.68-1.02)
0.48(0.34-0.69)
1.40(1.03-1.90)

Reference [1]
1.08 (0.99-1.17)

Reference [1]
0.31(0.20-0.50)
9.00(7.50-10.80)
1.90(1.49-2.43)

Reference [1]

0.87(0.77-0.99)
2.24(2.02-2.47)
1.66(1.44-1.91)
1.42(1.14-1.77)

Reference [1]
1.37(1.11-1.68)
0.53(0.35-0.80)

Reference [1]

1.42(1.29-1.57)
1.54(1.37-1.74)
1.76(1.51-2.06)

Reference [1]

1.16(1.02-1.31
1.28(1.12-1.47
1.34(1.16-1.53
0.73(0.62-0.85
0.17(0.13-0.22)
1.79(1.66-1.94)

)
)
)
)

Reference [1]

0.64(0.53-0.78)
0.76(0.68-0.85)
0.98(0.48-1.96)
0.64(0.52-0.80)
0.50(0.34-0.73)
1.21(0.88-1.68)

Reference [1]
1.10(1.01-1.20)

Reference [1]

0.32(0.20-0.52)
4.05(3.30-4.96)
1.16(0.89-1.51)

Reference [1]

1.40(1.24-1.58)
2.11(1.90-2.35)
1.48(1.28-1.73)
1.09(0.87-1.38)

Reference [1]
1.24(0.99-1.55)
0.50(0.32-0.77)

Reference [1]

1.29(1.16-1.43)
1.39(1.22-1.58)
1.56(1.32-1.85)

Reference [1]

1.50(1.20-1.88)
2.22(1.76-2.80)
3.55(2.85-4.42)
1.79(1.41-2.27)
0.27(0.17-0.43)
3.00(2.65-3.38)

Reference [1]

0.92(0.70-1.20)
1.14(0.98-1.34)
1.36(0.49-3.74)
1.32(1.01-1.73)
0.63(0.38-1.06)
1.47(0.93-2.33)

Reference [1]
1.15(1.02-1.31)

Reference [1]

0.58(0.33-1.03)
9.50(7.72-11.68)
2.16(1.53-3.06)

Reference [1]

1.04(0.86-1.26)
2.24(1.91-2.63)
1.66(1.32-2.08)
1.50(1.06-2.11)

Reference [1]
1.95(1.49-2.56)
0.48(0.24-0.98)

Reference [1]

1.53(1.32-1.77)
1.70(1.42-2.03)
2.14(1.71-2.68)

Reference [1]

1.42(1.12-1.80
2.17(1.70-2.78
3.22(2.55-4.08
1.76(1.35-2.28
0.24(0.15-0.38)
2.35(2.06-2.68)

)
)
)
)

Reference [1]

0.81(0.61-1.08)
1.02(0.86-1.20)
0.96(0.32-2.89)
0.96(0.71-1.29)
0.52(0.30-0.91)
1.23(0.74-2.02)

Reference [1]
1.19(1.04-1.37)

Reference [1]

0.42(0.23-0.77)
2.76(2.17-3.53)
0.94(0.64-1.37)

Reference [1]

1.38(1.14-1.66)
1.89(1.59-2.25)
1.50(1.18-1.92)
0.95(0.66-1.37)

Reference [1]
1.67(1.24-2.25)
0.46(0.22-0.96)

Reference [1]

1.51(1.28-1.77)
1.76(1.44-2.14)
2.19(1.71-2.81)

Reference [1]

1.17(1.03-1.33
1.20(1.05-1.38
1.24(1.08-1.42
0.62(0.53-0.73
0.16(0.12-0.22)
1.82(1.67-1.97)

)
)
)
)

Reference [1]

0.66(0.54-0.82)
0.97(0.87-1.09)
1.39(0.69-2.80)
0.75(0.59-0.95)
0.49(0.33-0.72)
1.51(1.10-2.08)

Reference [1]
1.07(0.98-1.17)

Reference [1]

0.20(0.11-0.38)
7.66(6.37-9.22)
1.82(1.39-2.37)

Reference [1]

0.79(0.68-0.90)
2.24(2.01-2.50)
1.70(1.46-1.98)
1.39(1.09-1.77)

Reference [1]
1.30(1.04-1.63)
0.49(0.30-0.79)

Reference [1]

1.39(1.25-1.55)
1.47(1.29-1.67)
1.57(1.32-1.88)

Reference [1]

1.10(0.97-1.25)
1.12(0.96-1.29)
1.08(0.93-1.25)
0.59(0.50-0.71)
0.15(0.11-0.21)
1.65(1.51-1.80)

Reference [1]

0.59(0.48-0.74)
0.72(0.64-0.81)
0.94(0.44-1.97)
0.60(0.47-0.77)
0.55(0.37-0.82)
1.35(0.97-1.89)

Reference [1]
1.10(1.00-1.20)

Reference [1]

0.24(0.13-0.46)
3.78(3.07-4.64)
1.22(0.92-1.62)

Reference [1]

1.32(1.16-1.51)
2.11(1.88-2.37)
1.50(1.28-1.76)
1.13(0.88-1.45)

Reference [1]
1.21(0.95-1.54)
0.48(0.30-0.79)

Reference [1]

1.23(1.10-1.37)
1.27(1.11-1.46)
1.32(1.10-1.60)

*NHAMCS, National Hospital Ambulatory Medical Care Survey.
Note: The adjusted odds ratio (OR) was from a logistic regression including all variables in the table.

DUD, drug use disorder; SUD, substance use disorder; AUD, alcohol use disorder; Cl, confidence interval; OR, odds ratio NH, non-
Hispanic; H, Hispanic; CHIP, Children’s Health Insurance Program; C, celsius.
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Table 3. Continued.

SUD (AUD or DUD) AUD only DUD only
Crude OR Adjusted OR Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% Cl) (95% ClI) (95% ClI)

> 120
DBP
60-80
<60
>80
Pain level
No pain
Mild
Moderate
Severe
72-hour revisit vs not

Arrival by ambulance
versus not

Census Region
Northeast
Midwest
South
West

Reason for visit (by
symptom module)

General
Psychiatric
Neurologic

Cardiovascular and
lymphatic

Eyes and/or ears
Respiratory
Digestive
Genitourinary
Dermatologic
Musculoskeletal
Other

Visit related to injury

versus not

2.17(1.82-2.58)

Reference [1]
1.01(0.88-1.15)
1.25(1.16-1.35)

Reference [1]

0.57(0.47-0.68)
0.66(0.59-0.75)
0.80(0.72-0.89)
0.61(0.51-0.72)
2.30(2.12-2.49)

P — 4

Reference [1]

1.27(1.14-1.43)
0.91(0.81-1.02)
1.13(1.00-1.27)

Reference [1]

4.36(3.77-5.04)
0.81(0.68-0.96)
0.78(0.59-1.04)

0.40(0.27-0.58)
0.68(0.58-0.80)
0.88(0.78-1.00)
0.40(0.32-0.52)
0.83(0.65-1.06)
0.73(0.64-0.84)
1.34(1.20-1.51)
0.75(0.70-0.81)

1.94(1.60-2.35)

Reference [1]
1.06(0.92-1.23)
1.06(0.97-1.15)

Reference [1]

0.72(0.59-0.87)
0.91(0.82-1.02)
0.87(0.77-0.99)
1.32(1.09-1.61)
2.29(2.09-2.52)

Reference [1]

1.53(1.35-1.73)
1.07(0.95-1.21)
1.06(0.93-1.21)

Reference [1]

3.08(2.62-3.62)
0.79(0.66-0.94)
0.89(0.66-1.21)

0.45(0.30-0.66
0.73(0.62-0.86
0.97(0.85-1.11
0.49(0.38-0.63
0.81(0.63-1.04)
0.71(0.61-0.82)
1.05(0.91-1.22)
1.19(1.07-1.33)

)
)
)
)

2.68(2.10-3.41)

Reference [1]
1.06(0.86-1.30)
1.30(1.15-1.46)

Reference [1]

0.43(0.33-0.58)
0.42(0.35-0.50)
0.47(0.39-0.56)
0.51(0.40-0.66)
4.41(3.92-4.95)

— o~ o~ —

Reference [1]

0.62(0.52-0.74)
0.59(0.50-0.69)
1.04(0.89-1.22)

Reference [1]

5.45(4.48-6.62)
0.85(0.65-1.11)
0.83(0.53-1.30)

0.15(0.06-0.42)
0.43(0.32-0.58)
0.67(0.54-0.84)
0.23(0.14-0.39)
0.41(0.25-0.70)
0.52(0.41-0.66)
2.02(1.71-2.39)
0.52(0.46-0.58)

2.65(2.02-3.48)

Reference [1]
1.08(0.86-1.35)
1.04(0.91-1.19)

Reference [1]

0.63(0.47-0.85)
0.73(0.63-0.85)
0.61(0.50-0.74)
1.46(1.10-1.93)
3.36(2.95-3.83)

Reference [1]

0.76(0.63-0.92)
0.70(0.58-0.84)
1.05(0.88-1.26)

Reference [1]

3.26(2.62-4.04)
0.86(0.66-1.14)
0.88(0.55-1.40)

0.22(0.08-0.61)
0.47(0.34-0.64)
0.96(0.76-1.20)
0.41(0.25-0.70)
0.49(0.29-0.83)
0.52(0.40-0.68)
1.32(1.07-1.63)
1.60(1.36-1.89)

1.88(1.55-2.29)

Reference [1]
1.01(0.87-1.17)
1.23(1.13-1.34)

Reference [1]

0.57(0.47-0.70)
0.72(0.63-0.82)
0.89(0.79-1.00)
0.66(0.54-0.80)
1.87(1.71-2.05)

Reference [1]

1.45(1.28-1.65)
1.00(0.88-1.13)
1.12(0.98-1.27)

Reference [1]

3.83(3.28-4.47)
0.80(0.67-0.96)
0.77(0.57-1.06)

0.42(0.28-0.63)
0.72(0.60-0.85)
0.86(0.75-0.99)
0.42(0.32-0.54)
0.90(0.70-1.17)
0.75(0.65-0.87)
1.15(1.02-1.31)
0.84(0.78-0.92)

1.61(1.30-1.98)

Reference [1]
1.08(0.93-1.26)
1.06(0.97-1.16)

Reference [1]

0.71(0.57-0.89)
0.97(0.86-1.09)
0.96(0.84-1.10)
1.21(0.98-1.50)
1.90(1.71-2.11)

Reference [1]

1.71(1.49-1.96)
1.16(1.02-1.33)
1.01(0.88-1.17)

Reference [1]

2.73(2.31-3.24)
0.78(0.65-0.94)
0.93(0.67-1.28)

0.44(0.29-0.66)
0.76(0.64-0.91)
0.89(0.77-1.03)
0.46(0.35-0.60)
0.84(0.65-1.10)
0.72(0.62-0.84)
0.97(0.83-1.13)
1.08(0.96-1.21)

Note: The adjusted odds ratio (OR) was from a logistic regression including all variables in the table.

DUD, drug use disorder; SUD, substance use disorder; AUD, alcohol use disorder; Cl/, confidence interval; OR, odds ratio; DBP,
diastolic blood pressure; SBP, systolic blood pressure.

to the ICU and to experience higher mortality than people

without SUDs.

We found that male ED patients were more likely than

females to be diagnosed with SUD, as were non-Hispanic
Whites compared to other races/ethnicities, particularly
Asians. These genders and racial/ethnic differences are
consistent with demographic patterns in SUDs observed

beyond the ED setting in a survey of psychiatrists treating
patients with SUDs.? Compared to non-SUD patients in ED
visits, patients with SUD in the ED are more likely to be
uninsured. It is worth noting similarities between ED patients
with SUD and ED patients with cancer, whose utilization is
higher across many dimensions of care.?*?’ People living in
nursing homes were less likely to have SUD as nursing homes
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Table 4. Proportion of Emergency Severity Index, hospital admission, ICU admission, medical resources utilization, stratified by alcohol/

drugs substance use disorder, *“NHAMCS 2016-2017.

All DUD Only AUD Only SUD (DID or AUD) No SUD

ESI score > > >

1 (Immediate) 189(1.0) 20(1.0) 10(1.1) 21(0.9) 168(1.0)

2 (Emergent) 2,621(13.1) 348(17.8) 199(21.7) 439(18.3) 2,182(12.4)

3 (Urgent) 10,134(50.8) 999(51.1) 495(54.0) 1,231(51.2) 8,903(50.7)

4 (Semi-urgent) 6,046(30.3) 513(26.2) 181(19.8) 619(25.8) 5,427(30.9)

5 (Non-urgent) 959(4.8) 75(3.8) 31(3.4) 92(3.8) 867(4.9)
Hospital admission 3,854(14.0) 443(16.6)** 281(22.2)** 589(17.9)* 3,265(13.4)
ICU 469(1.7) 56(2.1) 37(2.9)* 74(2.3)* 395(1.6)
Death in ED or hospital 2857(10.4) 289(10.8) 192(15.2)** 395(12.0)* 2,462(10.1)
Left before/after triage 774(2.8) 88(3.3) 53(4.2)** 113(3.4)* 661(2.7)
Blood test performed 15,082(54.6) 1,610(60.3)** 924(73.0)** 2,054(62.6)** 13,028(53.6)
Any imaging performed 14,496(52.5) 1,181(44.3)** 578(45.7)* 1,505(45.9)** 12,991(53.4)
Radiograph in ED 9,805(35.5) 843(31.6)** 380(30.0)** 1,057(32.2)** 8,748(36.0)
CTinED 5,737(20.8) 481(18.0)* 310(24.5)* 650(19.8) 5,087(20.9)
Ultrasound in ED 1,653(6.0) 107(4.0)** 47(3.7)** 136(4.1)* 1,517(6.2)
MRI in ED 307(1.1) 21(0.8) 6(0.5)* 25(0.8)* 282(1.2)
Other Imaging in ED 359(1.3) 30(1.1) 11(0.9) 36(1.1) 323(1.3)
Procedure 13,448(48.7) 1,254(47.0)* 591(46.7) 1,561(47.6) 11,887(48.9)

*NHAMCS, National Hospital Ambulatory Medical Care Survey.

Note: The missing proportion for waiting time is 15%, for ESI score is 28%. “Waiting time” refers to the time from arrival to seeing the physician
Independent test was performed on categories of drug use disorder (DUD), alcohol use disorder (AUD), and drug or alcohol use disorder.
(SUD). Pearson’s Chi-squared test was performed on unweighted samples, and Rao-Scott corrected Chi-squared test was performed on

weighted samples. *P < 0.05, ** P < 0.01

DUD, drug use disorder; SUD, substance use disorder; AUD, alcohol use disorder; ESI, Emergency Severity Index; ICU, intensive care
unit; ED, emergency department; CT, computed tomography; MR/, magnetic resonance imaging.

are largely profit-driven enterprises and tend to not accept (or
remove) patients with SUD.

It is also noticeable that ED patients with SUDs have a
higher chance of revisiting the ED within 72 hours. Further
examining the reasons for return ED visits among patients
with SUD can facilitate the development of interventions
and guidelines to improve the quality of care for people with
SUDs. For instance, a study by Barata et al*® showed that ED-
based interventions for people with AUD can reduce alcohol
use and repeat ED visits. Additionally, ED-based initiation
of buprenorphine for opioid use disorder with primary care
follow-up was shown to increase treatment engagement and
decrease self-reported, seven-day opioid use.!! Thus, given
the substantial number of patients with SUD who frequent the
ED, the ED remains a promising and understudied setting for
linking people with SUD to care and treatment.

Our study advances understanding of characteristics
and clinical performance of patients with SUD in the ED
setting. It is an initial step toward establishing a baseline
and improving this population’s care and clinical outcomes
in the ED and further reducing their ED burden. The study

revealed the characteristics of ED patients with SUD in a
diverse, national sample. In the ED, patients with SUD have
significantly higher hospital admission, ICU admission, and
mortality compared to those without SUD, indicating that
patients with SUD may require a better understanding and
higher level of emergency care and services. These findings
argue for increasing recognition of the potential of the ED as a
high-leverage setting for improving treatment and screening of
SUD, by identifying characteristics and trajectories of patients
presenting to the ED with SUD.

LIMITATIONS

Several limitations of this study should be noted. First,
the data were unable to differentiate the drug-specific types
of SUD exhibited by each patient with SUD in ED visits.
Based on patient histories documented in the NHAMCS-
ED data, patients with SUD were coded as AUD Only,
DUD Only, and SUD. More information about the drug-
specific type of SUD would allow for more characteristics
of ED visits by adult patients with SUD to account for
different drug patterns.?®3° Second, study data came from
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Table 5. Odds ratio of Emergency Severity Index, hospital admission, ICU admission, medical resources utilization for patients with vs

without substance use disorder, “NHAMCS.

SUD (AUD or DUD) AUD Only DUD Only
Crude OR Adjusted OR Crude OR Adjusted OR Crude OR (95%  Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% ClI) Cl) (95% ClI)

ESI Score: Immediate
or Emergency vs
semi to Non-urgent

ESI Score: Urgent vs.
semi- or non-urgent

1.73(1.53-1.97)

1.19(1.09-1.30)

1.32(1.14-1.53)

1.19(1.08-1.31)

2.58(2.12-3.13)

1.60(1.37-1.86)

1.82(1.59-2.09)
1.81(1.29-2.54)
1.59(1.36-1.86)
1.55(1.17-2.07)
2.33(2.06-2.65)
0.75(0.67-0.84)
0.77(0.68-0.87)
1.25(1.10-1.43)
0.59(0.44-0.80

1.35(1.08-1.68)

1.40(1.19-1.66)

1.23(1.05-1.44)
1.18(0.81-1.73)
1.32(1.10-1.58)
1.34(0.99-1.83)
2.46(2.13-2.86)

0.70(0.61-0.80)
1.17(1.01-1.35)
1.10(0.80-1.50)

1.65(1.43-1.89)

1.16(1.05-1.28)

1.26(1.13-1.40)
1.27(0.96-1.69)
1.06(0.93-1.20)
1.21(0.96-1.51)
1.30(1.19-1.41)
0.69(0.64-0.75)
0.82(0.76-0.90)
0.82(0.74-0.91)
0.63(0.52-0.77)

1.40(1.20-1.64)

1.20(1.08-1.33)

1.22(1.08-1.38)
1.46(1.07-1.99)
1.22(1.06-1.41)
0.95(0.75-1.20)
1.40(1.27-1.54)

0.91(0.82-1.00)
0.90(0.81-1.01)
0.82(0.67-1.02)

Hospital Admission 1.41(1.28-1.55) 1.28(1.14-1.43)
ICU 1.40(1.09-1.80) 1.40(1.05-1.85)
Death 1.22(1.09-1.36) 1.31(1.15-1.49)
Left before triage 1.28(1.04-1.56) 1.03(0.83-1.28)
Blood test 1.45(1.35-1.56) 1.58(1.44-1.73)
Any imaging 0.74(0.69-0.80) 0.84(0.77-0.91)
Radiograph 0.85(0.78-0.91) 0.89(0.82-0.97)
CT 0.93(0.85-1.02) 0.98(0.89-1.09)
Ultrasound 0.65(0.54-0.78) 0.89(0.73-1.07)
MRI 0.65(0.43-0.99) 0.79(0.51-1.21)
Procedure 0.93(0.86-1.00) 0.96(0.89-1.04)

)
0.41(0.18-0.93) 0.43(0.19-0.98)
0.91(0.82-1.02)

0.68(0.44-1.07)
0.90(0.84-0.98)

0.85(0.53-1.35)

(

(

(

(

(
0.80(0.71-0.91)

(

(

(

(

( 0.93(0.86-1.01)

(
(
(
(
(
0.81(0.74-0.89)
(
(
(
(
(

0.95(0.85-1.07)

*NHAMCS, National Hospital Ambulatory Medical Care Survey.

Note: “Demographic” includes gender, age group, and race/ethnicity; “socioeconomic” includes residence type, insurance type,
and census region; “visiting & clinical” includes year, day of the week, arrival by ambulance, seen within last 72 hours, pain level,
temperature, heart rate, diastolic blood pressure, injury status, and reason for visit.

SUD, substance use disorder; AUD, alcohol use disorder; DUD, drug use disorder; OR, odds ratio; ESI, Emergency Severity Index;
ICU, intensive care unit; ED, emergency department; CT, computed tomography; MR/, magnetic resonance imaging.

hospitals in the NHAMCS-ED database and the variables
available for analysis were limited. Information such as
reasons and duration of SUD for those patients would have
been optimal. The data provided for the analysis was only
from 2016-2017, and it was limited to illustrate trends

and patterns of national characteristics of ED visits among
patients with SUDs over time. And, finally, the SUD cases
might be under-reported due to the degree of accuracy of
diagnosis in the ED.

CONCLUSION

This study describes the clinical characteristics
of ED utilization in patients with substance use on a
national scale, which enhanced our understanding of the
characteristics of this population. We detected gender,
racial/ethnic, and economic differences between ED
patients with and without substance use disorder. Patients
with SUD are more likely to be admitted to the hospital and
ICU and are more likely to return to the ED. The findings
highlight the importance of recognizing co-existing SUD
as a risk factor for increased morbidity in acutely ill and
injured patients, and the potential role of the ED as a site
for interventions aimed at reducing harm from SUD.
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Introduction: Mental health and substance use disorder (MHSUD) patients in the emergency
department (ED) have been facing increasing lengths of stay due to a shortage of inpatient beds.
Previous research indicates mobile crisis outreach (MCO) reduces long ED stays for MHSUD
patients. Our objective was to assess the impact of MCO contact on future ED utilization.

Methods: We conducted a retrospective chart review of patients presenting to a large Midwest university
ED with an MHSUD chief complaint from 2015-2018. We defined the exposure as those who had MCO
contact and any MHSUD-related ED visit within 30 days of MCO contact. The MCO patients were 2:1
propensity score—matched by demographic data and comorbidities matched to patients with no MCO
contact. Outcomes were all-cause and psychiatric-specific reasons for return to the ED within one year
of the index ED visit. We report descriptive statistics and odds ratios (OR) to describe the difference
between the two groups, and hazard ratios (HR) to estimate the risk of return ED visit.

Results: The final sample included 106 MCO and 196 non-MCO patients. The MCO patients were
more likely to be homeless (OR 14.8; 95% confidence interval [CI],1.87, 117), less likely to have
adequate family or social support (OR 0.51; 95% CI, 0.31, 0.84), and less likely to have a hospital
bed requested for them in the index visit by ED providers (OR 0.50; 95% ClI, 0.29, 0.88). For those
who returned to the ED, the median time for all-cause return to the ED was 28 days (interquartile
range [IQR]: 6-93 days) for the MCO patients and 88 days (IQR: 20-164 days) for non-MCO
patients. The risk of all-cause return to the ED was greater among MCO patients (67%) compared to
non-MCO patients (49%) (adjusted HR: 1.66; 95% CI, 1.22, 2.27).

Conclusion: The MCO patients had less family and social support; however, they were less likely
to require hospitalization for each visit, likely due to MCO involvement. Patients with MCO contact
presented to the ED more frequently than non-MCO patients, which implies a strong linkage
between the ED and MCO in our community. An effective referral to community service from the ED
and MCO and collaboration could be the next step to improve healthcare utilization. [West J Emerg
Med. 2020;21(5)1086—1094.]

INTRODUCTION health and/or substance use disorders (MHSUD).!? Limited
It is estimated that one in every eight emergency numbers of inpatient psychiatric beds force many patients
department (ED) visits in the United States is related to mental ~ with MHSUDs to stay in the ED for an extended time for
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placement and reassessment before release.** This practice has
the potential to affect the quality of care provided to patients
with MHSUDs, increases ED crowding, places greater
demands on emergency care providers, and leads to longer
wait times for other ED patients. This demonstrates the need
for greater community services to support this population.®

Mobile crisis outreach (MCO) is a community outreach
program that provides de-escalation, support, assessment, and
future safety planning for those with mental health concerns.’
The MCO providers can engage patients in the community
to help ensure the patient’s safety and the safety of other
community members, while working to reduce the number
of MHSUD patients inappropriately presenting to the ED.®
Research has shown that MCO programs can be cost-effective,
reduce costs associated with hospitalization and readmissions,
and reduce expenses in the criminal justice system.’
Additionally, MCO services are sometimes used to connect
MHSUD patients to stabilization services following discharge
from the ED.? Although several impacts have been reported,
the effectiveness of the MCO and its effect on healthcare
utilization in rural America has not been well reported. The
role of the MCO could be very different for those who reside
in rural area, as resources can be limited.

Intervention by a MCO in a crisis may reduce the number
of patients with an MHSUD presenting to the ED, because
MCO providers may be able to de-escalate the current crisis
and connect the patient to community mental health services.?
The objective of this study was to evaluate the effectiveness
of an MCO program in a rural Midwestern county. We
hypothesized that access to MCO services is associated with
decreased ED utilization, psychiatric hospitalization, and
suicide-related death.

METHODS
Study Design

This study was a retrospective, propensity-score matched
cohort study of patients presenting to a Midwestern ED
between January 1, 2015-December 31, 2018. The study was
approved by the local institutional review board under waiver
of informed consent, and this article is in accordance with
the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) statement.'°

Data Sources

Data sources included the health system’s electronic
health records (EHR) and the call records from the local
MCO. The study took place at an academic institution that
provides tertiary care and has access to psychiatry service
covering the majority of Johnson County, lowa, and has an
annual ED census of 60,000. Data from the hospital system’s
EHR included demographic and clinical information
regarding the patients.

The MCO program of Johnson County provides a
coverage of 600 square miles to a population of about

Population Health Research Capsule

What do we already know about this issue?
Mobile crisis outreach (MCO has been used
for crisis stabilization when patients with
mental health conditions and substance use
disorder (MHSUD) seek care in the ED.

What was the research question?
Is the MCO program associated with a change
in all-cause and psychiatric-related ED visits?

What was the major finding of the study?

The MCO users had decreased hospitalizations
but increased ED visits for all reasons and
MHSUD reasons compared to non-MCO users.

How does this improve population health?
Access to a MCO program could be key to
stabilizing a crisis situation in the community.
The linkage between such an outreach program
and the ED needs to be optimized.

150,000, by a 24/7 telephone hotline and dispatch service by
two trained mental health professionals in a vehicle to a public
place or private residence to aid those in need. A request for
MCO may be initiated by the patient, family or caregiver, law
enforcement, and healthcare provider. The goals of MCO are
to stabilize the crisis, assess the need for referrals to other
community services, reduce unnecessary hospitalizations and
arrests, and admit the client to a crisis stabilization bed when
clinically indicated. The referral to MCO occurred during or
after ED visits, or the MCO program referred its clients to
any EDs in the region (a community ED also covers Johnson
County); however, from reviewing the MCO call log for ED
referrals, we found that 80% of MCO cases presented to our
ED during the study period from directly linking the two data
sources. Information from the MCO call log indicated patient
identification information, such as name, date of birth, and
address, which we used to link to the hospital EHR.

We accessed state death registry data to identify any
fatality within one year after the index ED visit for both the
MCO and non-MCO groups.

Study Population

We defined exposure group as patients who received
MCO services, as identified from the MCO call log, and who
presented to the ED £30 days of the MCO contact (39% ED
first, 35% MCO first, and 26% same day) with an MHSUD
diagnosis. We chose 30 days to consider two possible
scenarios in the sequence of events. First, an MCO exposure
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could have occurred first, which subsequently led to a referral
to be seen in the ED for additional care. Second, an ED visit
could have occurred first, and the MCO was identified for
follow-up upon discharge from the ED. Then, we conducted
manual record review to identify a matching patient in our
EHR who was listed in the MCO call log.

We included those who were classified as having an
MHSUD diagnosis if any diagnosis code matched to the
Clinical Classification Software (CCS) Level 1 codes
indicating “Mental Health” (CCS Level 1 code of “5”) using
the International Classification of Diseases, 9" and 10"
editions (ICD-9 and ICD-10)." We additionally used the CCS
Level 2 codes to classify other select psychiatric comorbidities
that most frequently occurred within this sample including
anxiety (5.2), mood disorders (5.8), suicide (5.13), and
schizophrenia (5.10) using the CCS v2019.1 (beta version)
files available from the Healthcare Cost and Utilization
Project tools. These frequently occurring diagnostic codes
are presented in Appendix A. The MCO-exposed individuals
were then matched to unexposed patients (ie, non-MCQO) in
up to a 2:1 propensity-score match on demographics and the
psychiatric diagnoses diagnosis from the EHR.

Measurement of Primary Exposure

The primary exposure of interest was any MCO contact.
Patients who were seen in the ED but did not have any MCO
contact were considered unexposed (non-MCO). A patient’s
MCO status was identified deterministically by verifying the
patient’s unique name, date of birth, and address from the
MCO call list and EHR.

Measurements of Covariates and Potential Confounders
We obtained covariate data from administrative data files
within the health system and manual data extraction from the
ED chart at the time of the visit. Specifically, administrative
data included demographic variables such as gender, age
(<18, 18-34, 3549, and >50 years), insurance (commercial,
Medicaid, Medicare, and other such as military), and other
co-morbidities documented as diagnostic codes from the
EHR. Manually extracted covariate data from the ED visit
included documentation of situational characteristics such as
access to firearms, whether the patient was homeless or from
a residential facility, had adequate family or social support
based on the documentation of such support from providers
and social workers, and was accompanied to the ED by
another individual (family/friend, law enforcement, MCO,
or other third party such as a social worker or teacher). We
also determined healthcare access and utilization from chart
review and included contact with the ED, a primary care
provider, and psychiatry provider within the 12 months prior
to the ED visit. Disposition from the ED was characterized by
whether or not a bed request for any inpatient admission had
been placed in the ED. We also included chief complaints and
current medication list at the time of the ED visit.

Key Outcome Measures

The primary outcome in this study was time to all-cause
return to the ED within one year (365 days) of the ED visit.
We manually coded the return ED visit as psychiatric, suicide,
medical, overdose (intoxication), or surgical (non-injury),
and allowed for multiple choices. One year was chosen as
the outcome to capture a rare outcome such as completed
suicide. If the patient had multiple visits within 365 days of
the index visit, time in days to the first ED visit was used. As
a secondary outcome, we assessed time to return to the ED for
an MHSUD-related visit if it included psychiatric, suicide, or
overdose. We also accessed the State of lowa death registry to
identify any death and cause of death including suicide within
one year of the ED visit.

Statistical Analysis

This analysis was conducted using time-to-event analyses
of propensity-matched pairs. We analyzed covariates (clinical
histories, presentation, and medications) obtained from
medical chart review on the association with MCO and return
to the ED for any reason.

Sample Size Calculation

To determine the appropriate sample size given a set
number of patients who received MCO in the study period
(N =170), we used the return-to-ED proportion found in our
previous work of 41.7% for MCO-positive (MCO+) patients
and determined a priori that a 15% difference in the non-MCO
group (56.7%) was clinically important. With 82.5% power
and an alpha of 0.05 this resulted in a two non-MCO to one
MCO match.*

Propensity Score Matching

The MCO patients were matched to up to two non-
MCO patients through optimal matching propensity score
(PS) methodology (Table 1).'>"* All MCO patients had at
least one control, although two controls were not identified
for every MCO patient due to a limited pool of non-
MCO patients. We determined a priori that all available
variables in the administrative dataset would be used in
the PS model. As a result, we calculated the PS for MCO
utilization as an outcome based on three demographic
variables (age, gender, and insurance) and several
MHSUD-related conditions from diagnostic codes such as
anxiety disorders, mood disorders, suicide, and substance
dependence. We evaluated whether the confounders were
balanced across PS-matched pairs using standardized
differences and determined a priori that unbalanced
covariates (with a standardized difference greater than 0.1)
would be assessed for inclusion in final regression models.

Evaluation of Covariates
Within the matched cohort, we measured differences
in the clinical histories, comorbidities, and presenting
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characteristics (obtained from chart extraction) between

the MCO and non-MCO cohorts. Bivariate analyses for the
association between MCO and each covariate were conducted
using conditional logistic regression to determine unadjusted
odds ratios (uOR) for each matched pair for binary outcomes,
clustered on match ID. Those variables associated with MCO
were later considered in developing final multivariable models
for the time-to-event analyses of return to the ED.

Evaluation of Outcomes

We assessed Kaplan-Meier survival curves to estimate
the time-to-event for both all-cause and psychiatric-specific
return to the ED by MCO status. Log-rank tests were
used to compare probabilities of survival by MCO status.
The proportional hazards assumptions were assessed by
evaluation of the negative log and log of the negative log
survival plots. We evaluated the adjusted hazard ratios (aHR)
of return to the ED through the Cox proportional hazards
frailty model, clustering on the matched pair identified from
the propensity score.

Final Multivariable Models

The final multivariable models for the association between
MCO status and all-cause and psychiatric-specific return to the
ED were evaluated for potential confounding by purposeful

selection. We included all covariates that were associated with
the exposure status and the outcome from bivariate analyses,
and those that were not balanced after PS matching. Variables
were removed if they were not independently associated with
the outcome in the adjusted model or did not significantly
affect the MCO exposure measure. We additionally calculated
E-values in sensitivity analyses of both outcomes to assess the
potential effect of unmeasured confounders.!? All tests were
considered significant at alpha <0.05 using two-tailed tests.
We completed analyses using SAS version 9.4 (SAS Institute
Inc, Cary, NC).

Demographics and Characteristics of Population

Of the 222 patients who were identified from the MCO
call log, 106 were seen in the ED for a MHSUD complaint
(Figure 1). The final study sample included 302 patients (n =
106 MCO exposure patients, and n = 196 non-MCO exposure
patients). The two cohorts were balanced by gender and
mental health comorbidities, which included any diagnosis
from the index ED visit after PS matching (Table 1).

Situational Factors and Clinical Presentation

At the index ED visit, the proportion of homelessness
was greater in MCO+ patients (uOR 14.8; 95% CI, 1.87,
117) (Table 2). The odds of reporting adequate family or

Table 1. Comparison of demographics between cohorts receiving and not receiving mobile crisis outreach consultation.

Standardized
Charactistics Total N=302 MCO N=106 No MCO N=196 Difference
N N N %
Demographics
Female 137 50 (47.2) 87 (44.4) 0.06
Age
<18 19 7 (6.6) 12 (6.1) 0.02
18-34 131 42 (39.6) 89 (45.4) -0.12
35-49 73 30 (28.3) 43 (21.9) 0.15
>50 79 27 (25.5) 52 (26.5) -0.02
Insurance
Commercial 134 20 (18.9) 114 (58.2) -0.88
Medicaid 44 44 (41.5) 0 (0.0) N/A
Medicare 86 23 (21.7) 63 (32.1) -0.24
Other 38 19 (17.9) 19 (9.7) 0.24
Comorbidities
Anxiety disorders 58 20 (18.9) 38 (19.4) -0.01
Mood disorders 28 10 (9.4) 18 (9.2) 0.01
Substance 32 18 (17.0) 14 (7.1) 0.31
dependence
Suicidal ideation 125 47 (44.3) 78 (39.8) 0.09
Schizophrenia 41 13 (12.3) 28 (14.3) -0.06

MCO, mobile crisis outreach; MHSUD, mental health and substance use disorder.
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MCO-, ED+, MHSA+

Eligible Controls

N=7.392

MCO+, ED+

N=170

MCO+, ED+, MHSA+ MCO-, ED+, Matches

N= 196

N=106

Figure 1. Flowchart of sample selection.

social support and being accompanied to the ED by a family
member or friend were lower in MCO patients compared

to non-MCO patients (uOR 0.51; 95% CI, 0.31, 0.84 and
uOR 0.32; 95% CI, 0.16, 0.64, respectively). At the ED
index visit, MCO patients presented less frequently with
overdose (UOR 0.33; 95% CI, 0.11, 0.97) but presented more
frequently for suicidal ideation/attempt (uOR 3.09; 95% CI,
1.47, 6.51). Analysis showed that suicide attempts involved
nine (7.2%) cases of overdose.

There was no difference in seeing a primary care provider
between MCO and non-MCO patients, but MCO patients
more often had contact with a psychiatry provider within the
12 months preceding the ED visit (OR 2.09; 95% CI, 1.22,
3.57). The MCO patients were less likely to have a hospital
bed requested for them in the index visit by emergency care
providers (OR 0.50; 95% CI, 0.29, 0.88).

Primary Outcome: All-cause Return to the ED

Among patients returning to the ED, the median time
for all-cause return was 28 days (IQR range: 6-93 days) for
the MCO patients and 88 days (IQR: 20-164) for non-MCO
patients. In the final multivariable model adjusting for the
presence of family support, the risk of all-cause return to the
ED was greater among MCO patients (67%) compared to
non-MCO patients (49%) (aHR: 1.66; 95% CI, 1.22, 2.27)
(Table 3, Figure 2). In the sensitivity analysis of interpreting
the E-value, the observed HR of 1.66 could be explained away
by an unmeasured confounder that was associated with both
the treatment and the outcome by a HR of 2.71-fold each,
above and beyond the measured confounders, but weaker
confounding could not do so.

Secondary Outcome: Psychiatric Reason for Return to the
Emergency Department

Among patients returning to the ED for psychiatric
reasons, the median time for return to the ED was 17 days

(IQR: 4-54 days) for the MCO patients and 64 days (IQR:
13-164) for non-MCO patients. The MCO exposure was
associated with return to the ED (P <0.001). In the final
multivariable model adjusting for the presence of previous
visit for suicidal ideation/attempt, bed request at index visit,
and schizophrenia, the risk of return to the ED for psychiatric
reasons was greater among MCO patients compared to
non-MCO patients (aHR: 1.70; 95% CI, 1.06, 2.74) (Table
3, Figure 2). In the sensitivity analysis of interpreting the
E-value, the observed HR of 1.70 could be explained away
by an unmeasured confounder that was associated with both
the treatment and the outcome by a HR of 2.79-fold each,
above and beyond the measured confounders, but weaker
confounding could not do so.

Secondary Qutcome: Mortality

There were four deaths due to natural causes and one
death due to suicide in this cohort within one year of the
index visit, all of which occurred in the non-MCO group;
however, there was no statistically significant difference in
the rate of death and suicide-related death between the two
groups (P =0.166).

DISCUSSION

Our study demonstrated the unique characteristics of
patients who used the MCO program during the study period,
such as higher rates of homelessness and limited family
support. The use of MCO was associated with a decreased
risk of hospitalization during the index ED visit. It also
demonstrated increased ED utilization for any and psychiatric-
specific reasons compared to those who did not use the
MCO service. The proportion of deaths was not statistically
significantly different between the two groups, although the
sample size was likely too small to detect potential differences.
Patients who had received MCO services were more likely to
be homeless and less likely to have adequate social support
than the control cohort. The proportion of homelessness in the
MCO group was similar to that reported previously by Scott
et al.” Another study showed the effectiveness of MCO for
the homeless population.'® Perhaps patients in our study who
had MCO contact may have also been using MCO and ED
resources to fulfill their social support needs, such as housing,
day care, and shelter.

Use of MCO services was associated with fewer bed
requests made by ED providers. Our rates of MCO patient
hospitalization were similar to those reported by Guo et
al."®*Reductions in hospitalization with the use of MCO
were found by Guo et al and Hugo et al.'®!” Fisher et al
found no difference in psychiatric admission rates between
communities that provided mobile crisis services and
those that did not.'® The disparity in results is likely due to
differences in study populations. The methodology used by
Guo et al and Hugo et al was similar to what we used in our
study in that they compared hospitalization rates between
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patients who used MCO services with those who did not,

while Fisher et al compared patients who had MCO services

in their communities to those who did not have community-
based MCO services.!*!8 We speculate that the ED used the
MCO when a patient needed an alternative disposition other

than hospitalization.

Patients who received MCO services were more likely

to return to the ED for all causes and for psychiatric causes.
Currier et al reported that the MCO group continued to

experience persistent symptoms and risk for return visits.’
Fendrich et al found that youths who received MCO
services had decreased odds of having a behavioral health
ED visit.!” How MCO services may differentially affect
adults vs youths is unknown. Our MCO program was
focused on adult patients who had more limited family
support, and that focus may have led to the increase in
reported return visits. Our study finding demonstrated the
MCO led to a referral to a higher level of care, in this case,

Table 2. Comparison of situational, clinical characteristics, and healthcare access and follow-up between cohorts with and without

exposure to mobile crisis outreach.

MCO Exposure

Non-MCO

Characteristics (N=106) Exposure (N=196) uOR 95% ClI
N
Situational Characteristics
Access to firearms 18 7 (39) 11 1.23 0.42-3.66
Homeless 12 10 (83) 2 14.8 1.87-117.12
From residential facility 40 18 (45) 22 1.58 0.81-3.08
Adequate family or social support* 155 43 (28) 112 0.51 0.31-0.84
Accompanied to ED by:
Family/Friend* 94 21 (22) 73 0.32 0.16-0.64
Law enforcement 40 14 (35) 26 0.98 0.46-2.07
MCO 45 45 (100) 0 - --
Other third party (eg, social worker, teacher) 16 7 (44) 9 1.56 0.58-4.18
None 122 38 (31) 84 0.7 0.41-1.19
Unknown 12 2 (17) 10 0.23 0.03-1.91
Healthcare Access and Follow-up
Bed requested by ED (vs discharged)* 116 31 (27) 85 0.5 0.29-0.88
=1 ED visit in past 12 months* 161 72 (45) 89 ) 2.48 1.50-4.09
Regular follow-up by primary care provider 165 60 (36) 105 ) 1.14 0.69-1.87
Regular follow-up by primary psychiatry provider* 98 44 (45) 54 5 2.09 1.22-3.57
Chief Complaints #
Agitation/Altered mental status 12 2 (17) 10 (83) 0.35 0.07-1.73
Bipolar disorder 8 4 (50) 4 (50) 2.26 0.49-10.42
Depression 131 47 (36) 84 (64) 1.15 0.65-2.02
Hallucinations/Delusions 45 14 (31) 31 (69) 0.78 0.35-1.75
Injury 8 4 (50) 4 (50) 2 0.50-8.00
Overdose” (intentional and non-intentional) 32 7 (22) 25 (78) 0.33 0.11-0.97
Suicide* (suicidal ideation and attempt) 147 60 (41) 87 (59) 3.09 1.47-6.51
Current Medications
Antidepressants 127 50 (39) 77 1.4 0.86-2.27
Antipsychotics 79 27 (34) 52 ) 0.96 0.53-1.73
Anxiolytics (benzodiazepines, non-benzodiazepines) 85 35 (41) 50 ) 1.44 0.85-2.45
Drugs for substance use disorder 14 4 (29) 10 ) 0.66 0.20-2.21
Hypnotics* 64 31 (48) 33 2.09 1.18-3.71

* indicates significant result; # multiple entries allowed.
MCO, mobile crisis outreach; uOR, unadjusted odds ratio; C/, confidence interval; ED, emergency department.
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Table 3. Association between exposure to mobile crisis outreach and return to the emergency department.
Outcome MCO N (%) Non-MCO N (%) uHR 95%ClI aHR 95% Cl
Any Return to ED' (N=167) 71 (67) 96 (49) 1.75 1.29, 2.38 1.66 1.22,2.27
Any Psych-Related Return to ED? (N=72) 34 (32) 38 (19) 1.87 1.18, 2.97 1.70 1.06, 2.74

"Adjusted for indicator of family support.

2 Adjusted for schizophrenia, bed request at index visit, and previous visit for suicidal ideation.
MCO, mobile crisis outreach; uHR: unadjusted odds ratio; aHR, adjusted hazard ratio; N, number of patients; C/, confidence interval;

ED, emergency department.

to the ED. It also elucidated that while the crisis at the
index ED visit was mitigated, post-MCO usage and post-
index ED visits care need further improvement for this
vulnerable population. Continued contact or follow-up with
these individuals may perhaps be necessary to ensure they
are appropriately and adequately navigating the healthcare
system to meet their healthcare needs.

Our study used a PS score to balance the prognosis
of ED return visits between MCO patients and non-MCO
patients. Because the PS matching procedure cannot
account for unmeasured confounders, we used E-value to
estimate a confounder’s role that could have led to our study
conclusion.”® We evaluated many risk factors associated with
ED return visits, as reported in the previous study.?! Most
of the predictors were accounted for in this study, including
frequent ED utilization status, which reported an OR of 5.6.*!
Thus, concerns about validity or the extent of unmeasured
confounding were mitigated in our assessment of the impact
of MCO exposure on future ED utilization.

The rate of mortality remained small in both MCO
and non-MCO groups in our study. This is also similar
to the finding in our previous study, where patients were
reassessed and released after an ED provider or psychiatrist
recommended hospitalization at the initial evaluation.* The
study was likely underpowered to detect any significant
difference, but this is still vital knowledge to share, as
a completed suicide is a devastating outcome for those
discharged from the ED. The one case of suicide death

All-Cause Return to the ED

>
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80
60 — MCO
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Survival Probability
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0

—7r 1 1 11 r 111117
O S P '&Q \‘)Q '3,0'1‘\0'1?9 '\,}QGQQ‘_;’Q%Q’Q

Time to Return to ED (days)

—— No MCO

in our sample was a middle-aged male brought to the ED
for a suicide attempt by running a car in a closed garage.
Approximately three weeks after the index ED visit, he
died by suicide with a discharge of a homemade, low-
explosive device in or around the oral cavity. Effective
prevention of suicide remains a key challenge in ED
psychiatric research.

LIMITATIONS

Our study has several limitations. First, it is a
retrospective review of MCO contact and ED visits at a
single hospital. Both MCO and non-MCO patients may have
had ED visits at other hospitals within the year time frame
that were not captured. The previous data showed that about
80% of MCO patients were referred to our institution when
the MCO determined that a referral to the ED was needed.
Second, given the observational study design, patients were
not randomly assigned to the MCO and, therefore, there may
be unmeasured confounding. To overcome this limitation
we used propensity score methodology to create cohorts
balanced on administrative characteristics; the cohorts were
balanced following the PS match, reducing the likelihood
of unmeasured confounding, and we added the component
of the sensitivity analysis by introducing E-value. Third, the
linkage between the ED utilization and the MCO exposure
and matching procedure led to the loss of significant samples.
Fourth, we used subjective rating of family and social support,
so the rating could be prone to bias.

B Return to the ED for Psychiatric Reason

Survival Probability
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Figure 2. Survival curves of return to the emergency department by mobile crisis outreach exposure status.

ED, emergency department; MCO, mobile crisis outreach.
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CONCLUSION 5. Nesper AC, Morris BA, Scher LM, et al. Effect of decreasing country
The mobile crisis outreach program has served as an mental health services on the emergency department. Ann Emerg
alternative resource in the community for those with mental Med. 2016;67(4):525-30.
health/substance use disorders, and it shows a reduction of 6. Derlet RW, Richards JR. Overcrowding in the nation’s emergency
hospitalization but an increase in subsequent ED utilization. departments: complex causes and disturbing effects. Ann Emerg
In the setting of constrained inpatient resources, the use of the Med. 2000;35(1):63-8.
MCO may be a reasonable alternative for those who present 7. Scott RL. Evaluation of a mobile crisis program: effectiveness,
to the ED or those who have a crisis situation to benefit from efficiency, and consumer satisfaction. Psychiatr Serv.
assessment before ED referral. A strong linkage between the 2000:51(9):1153-6.
MCO_ pr(?gram, E.D’ and outpatient resourcefs 1S necessary to 8. Simakhodskaya Z, Haddad F, Quintero M, et al. Innovative use
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Introduction: Residency scholarly tracks are educational programs, designed to help trainees
develop an area of expertise. Although the breadth of residency point-of-care ultrasound (POCUS)
education has developed considerably in recent years, there is no literature to date describing
scholarly tracks specifically in POCUS. In this study we sought to determine the prevalence,
characteristics, and outcomes of POCUS scholarly tracks in emergency medicine (EM).

Methods: This was a cross-sectional survey of EM residency programs accredited by the
Accreditation Council for Graduate Medical Education. Surveys were distributed between March-
August 2020 using a listserv followed by targeted emails to residency and ultrasound leadership. We
summarized data using descriptive statistics, and performed logistic regression to identify factors
associated with a POCUS scholarly track.

Results: Of 267 residency programs 199 (74.5%) completed the survey. Fifty-seven (28.6%) had a
POCUS scholarly track as of the 2019-2020 academic year. Scholarly tracks in POCUS were more
common in university-based/academic sites and larger residency programs. Of the 57 programs with
POCUS scholarly tracks, 48 (84.2%) required residents to present at least one POCUS lecture, 45
(78.9%) required residents to serve as instructor at a hands-on workshop, and 42 (73.7%) required
residents to participate in quality assurance of departmental POCUS scans. Only 28 (49.1%) tracks
had a structured curriculum, and 26 (45.6%) required POCUS research. In total, 300 EM residents
completed a POCUS scholarly track over the past three academic years, with a median of 4 (2-9)
per program. Seventy-five (25.0%) proceeded to a clinical ultrasound fellowship after residency
graduation, with a median of 1 (interquartile range 0-2) per program. A total of 139 POCUS-specific
abstracts (median 2 [0-3]) and 80 peer-reviewed manuscripts (median 1 [0-2]) were published by
scholarly track residents over the past three years.

Conclusion: This survey study describes the current prevalence, characteristics, and outcomes of
POCUS scholarly tracks across EM residency programs. The results may inform the decisions of
residency programs to create these tracks. [West J Emerg Med. 2021;22(5)1095-1101.]

BACKGROUND tracks included advanced training (92%), career guidance
Scholarly tracks in emergency medicine (EM) are (88%), mentorship (88%), and preparation for an academic

educational programs or curricula within residency programs career (80%).2 Residency programs with tracks were also

designed to help trainees develop a focused area of expertise.!  more likely to graduate residents to an academic career.? A

A 2017 survey found that the perceived benefits of scholarly 2018 search of residency program websites found that 33
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(21.2%) of 156 programs had some form of scholarly track,
although this data was limited to general tracks.?

As the use of point-of-care ultrasound (POCUS)
has expanded in EM, so has the breadth of residency
POCUS education. A 2003 survey of POCUS training
in EM residency programs found diverse curricular
implementation.* A subsequent 2010 survey found a
discrepancy between EM residency programs’ POCUS
curricula and perceived needs for proficiency.’ In 2016,
however, the American College of Emergency Physicians
(ACEP) published a policy statement delineating the
EM scope of POCUS practice, learning objectives, and
recommendations for residency POCUS education.® By
2017, 88% of programs had a dedicated POCUS rotation.’
The desire and need for advanced training have also
expanded, as evidenced by a 240% increase in clinical
ultrasound fellowship graduates between 2009-2019 (R.
Gaspari, personal communication, December 1, 2020).

Despite the increasing interest in POCUS, no literature
to date specifically describes scholarly tracks in POCUS.
Their existence, individual characteristics, and standardization
across EM residency programs remain unclear. To develop
best practices in POCUS education and prepare residents for
fellowship and academic careers, the current practice must
first be understood. In this study we sought to assess the
prevalence, characteristics, and outcomes of POCUS scholarly
tracks in EM residency programs.

METHODS
Study Setting and Participants

We compiled a list of all EM residency programs
accredited by the Accreditation Council for Graduate Medical
Education on March 1, 2020 (https://apps.acgme.org/ads/
Public/Reports/Report/1). All programs identified via this list
were eligible for participation. Their geographic regions were
defined according to the Society of Academic Emergency
Medicine regional meeting designations (https://www.saem.
org/docs/default-source/membership/2020-regionalmtgapplic_
current-revised-11-15-2019.pdf?sfvrsn=67fc01fd_0). We
collected data from surveys completed between March-August
2020. The study was approved by the institutional review
board at the Rutgers New Jersey Medical School.

Study Design

This was a cross-sectional survey study. We used several
methods to contact the programs, as guided by the modified
Dillman methodology.® First, we sent the survey through the
ACEP Ultrasound Section listserv. Then, for all programs that
had not yet responded, we sent individualized emails to the
ultrasound director, ultrasound fellowship director, residency
program director, and associate residency program director.
We emailed reminders one month and two months later to
non-responders. In cases where the survey was completed
by multiple respondents from the same institution, we only

Population Health Research Capsule

What do we already know about this issue?
Despite the breadth of residency point-of-care
ultrasound (POCUS) education, no literature
to date describes scholarly tracks specifically
in POCUS.

What was the research question?

We sought to determine the prevalence,
characteristics, and outcomes of POCUS
scholarly tracks across EM residencies.

What was the major finding of the study?
Scholarly tracks in POCUS were present in
29% of programs and included variation in
training components.

How does this improve population health?
The results may inform the decisions of
ultrasound directors and residency program
directors when considering the creation of
POCUS scholarly tracks.

analyzed the data from one survey by prioritizing responses in
the following order: ultrasound director, ultrasound fellowship
director, residency program director, ultrasound resident
education director, associate residency program director,
ultrasound undergraduate medical education director, ultrasound
research director, and other ultrasound faculty. Study data were
collected and managed using Research Electronic Data Capture
(REDCap, Vanderbilt University, Nashville, TN).

Survey Development

We designed the surveys in accordance with best practices
in survey design.’ The initial questions were developed
based upon a literature review and experience as directors of
POCUS programs. We then sought additional input from other
ultrasound educators. The survey was iteratively refined as a
group. Then the survey was piloted with in-person feedback
from residency program leaders and ultrasound division
directors from various institutions. The survey was modified
in accordance with this feedback (Appendix A).

Statistical Analysis

We summarized data using descriptive statistics, including
proportions and either means with 95% confidence intervals
(CI) or medians with interquartile ranges (IQR), depending
upon the normality of the data. Data were categorized and
tested for normality using the Shapiro-Wilk test. To determine
what program characteristics were best associated with that

Western Journal of Emergency Medicine

1096

Volume 22, No. 5: September 2021



Alerhand et al.

Survey of Ultrasound Tracks in EM Residency Programs

program having a POCUS scholarly track, we used a binomial
logistic regression. Categories with fewer than five responses
were excluded. We used Mann-Whitney U tests to determine
whether there was a relationship between having a research
requirement and the number of POCUS-related abstracts and
publications generated by the program. All P-values were
reported at a significance level of 0.05.

RESULTS

There were 267 potentially eligible residency programs at
the time of the study. After removal of duplicate responses (ie,
multiple respondents from the same institution), 199 (74.5%)
unique programs completed the survey (Table 1). More
than half (53.8%) of surveys analyzed were completed by
ultrasound division directors (Appendix B). Of programs that
responded to the survey, 57 (28.6%) had a POCUS scholarly
track as of the end of the 2019-2020 academic year. Using
a binomial logistic regression, we found that characteristics
associated with residencies having a POCUS scholarly track
included the following: self-defining as a university-based/
academic site (odds ratio [OR] 5.32; 95% CI, 1.29-22.00]; and
having a larger number of residents in the program (OR 1.04;
95% CI, 1.01-1.06) (Table 2).

Among the 142 (71.4%) programs that did not have a
POCUS scholarly track, the most indicated reason was that

Table 1. Demographics of responding residency programs (n = 199).

there were no scholarly tracks in the residency at all (n =77,
54.2%) (Table 3). Out of those programs, 25 (17.6%) indicated
that they planned to have a POCUS scholarly track for the
upcoming academic year. Of all 199 survey respondents,

114 (57.3%) indicated interest in receiving guidance on
development of a POCUS scholarly track.

Of the 57 programs with POCUS scholarly tracks, 48
(84.2%) required residents to present at least one POCUS
lecture, 45 (78.9%) required residents to serve as an instructor
at a hands-on workshop, and 42 (73.7%) required residents
to participate in quality assurance of departmental POCUS
images (Table 4). Only 28 (49.1%) tracks had a structured
curriculum, and 26 (45.6%) required POCUS research.

From the programs offering POCUS scholarly tracks, 300
total EM residents completed the track over the past three
academic years, with a median of four (IQR 2-9) per program
(Table 5). Of these 300 residents, 75 (25.0%) proceeded to a
clinical ultrasound fellowship after residency graduation, with
a median of 1 (IQR 0-2) per program. A total of 139 POCUS-
specific abstracts were presented at academic conferences
over the past three years by residents completing a POCUS
scholarly track, with a median of two (IQR 0-3) per program.
Over this time, a total of 80 POCUS-specific, peer-reviewed
publications were generated, with a median of 1 (IQR 0-2)
per program. Among programs with a track, having a research

Demographic variable

Number of respondents (%)

Region
Great Plains (IA, IL, KS, MO, MN, NE, ND, SD, WI)
Mid-Atlantic (DC, DE, MD, NJ, NY, PA, VA)
Midwest (IN, KY, MI, OH, WV, IN)
New England (CT, MA, ME, NH, RI, VT)
South Central (AR, LA, OK, TX)
Southeastern (AL, FL, GA, MS, NC, PR, SC, TN)

Western (AK, AZ, CA, CO, HI, ID, NM, NT, NV, OR, UT, WA, WY)

3-year residency

4-year residency

Number of residents (median [Q1-Q3])

Category of primary residency site*
University-based/academic
Non-university-based
County/public hospital
Military
Other

Number with an ultrasound image archiving system

Number of clinical ultrasound fellowship-trained faculty (median [Q1-Q3])

Number with an associated clinical ultrasound fellowship

19 (9.5%)
58 (29.1%)
30 (15.1%)

12 (6.0%)
18 (9.0%)
32 (16.1%)
30 (15.1%)

148 (74.4%)

51 (25.6%)
33 [24-48]

116 (58.3%)
67 (33.7%)
29 (14.6%)

4 (2.0%)

3 (1.5%)
142 (71.2%)
3 [1-4]

105 (52.8%)

*Responders were allowed to select more than one type of clinical site
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Table 2. Factors associated with residency programs having a point-of-care ultrasound scholarly track (n = 57).

Variable

Odds ratio (95% Confidence Interval)

University-based/academic site+

Non-university-based site+

County/public hospital+

4-year residency

3-year residency

Number of clinical ultrasound fellowship-trained faculty
Number of residents

Program has an associated clinical ultrasound fellowship

5.32 (1.29-22.00)*
3.55(0.79 - 15.93)
2.71 (0.88 - 8.35)
1.70 (0.75 - 3.85)
0.59 (0.26 - 1.34)
1.05 (0.88 - 1.24)~
1.04 (1.01 - 1.06)*~
1.05 (0.44 - 2.55)

*Statistically significant.

+Responders were allowed to select more than one type of clinical site.

~Per additional faculty and resident, respectively.

requirement did not have an effect on the number of abstracts
(P =0.896) or publications generated (P = 1.000).

Of programs with dedicated elective time to pursue track
goals (n = 30; 52.6%), the length of dedicated time varied by
program. Eleven (36.7%) programs provided their residents
with > eight weeks, five (16.7%) programs provided six
weeks, 8 (26.7%) programs provided four weeks, four (13.3%)
programs provided two weeks, and two (6.7%) programs
provided one week.

DISCUSSION

Our study is the first to assess the prevalence,
characteristics, and outcomes of POCUS scholarly tracks
across United States EM residency programs. We found that
only 28.6% of responding programs had a POCUS scholarly
track. This is slightly higher than the 2018 online search study
in which 21.2% programs offered any type of scholarly track.?
The most common reason provided for not having a POCUS

track was that the residency had no tracks at all. Thus, this
may reflect an issue not specific to POCUS but rather to all
scholarly tracks in general.

As might be expected, university-based/academic
residency programs were more likely to have a POCUS
scholarly track. Larger residency sizes were also more likely
to have a POCUS scholarly track, which is consistent with
the 2017 survey describing general scholarly tracks.? In
contrast, the duration of residency did not affect whether
a program had a POCUS track. This differs from both
the 2017 survey? and 2018 online search study,’® both of
which found higher rates in four-year programs. This result
was surprising, as many four-year programs specifically
advertise the extra year as an opportunity to develop a
focused academic niche. Considering that clinical ultrasound
fellowship programs have a positive impact on residents’
POCUS educational experiences,'® it was also surprising
that neither the number of clinical ultrasound fellowship-

Table 3. Reasons provided for residency programs not having a point-of-care ultrasound scholarly track (n = 142).

Reasons*

Number of respondents (%)

No scholarly tracks in the residency at all
Insufficient faculty availability

Insufficient faculty expertise
Redundancy with other residency activities
Insufficient time within resident schedule
Insufficient funding

Insufficient resident interest

Program director preference

Effort to maintain outweighs the products
Trial was unsuccessful

Chair preference

Other

77 (54.2%)
36 (25.4%)
22 (15.5%)
22 (15.5%)
19 (13.4%)
16 (11.3%)
15 (10.6%)
7 (4.9%)

6 (4.2%)
1(0.7%)

0 (0%)

21 (14.8%)

*Responders were allowed to select more than one reason.
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Table 4. Characteristics of existing point-of-care ultrasound scholarly tracks (n = 57).

Characteristics Yes (%) No (%) Not sure (%)

Clinical

Required to perform a certain threshold number of POCUS scans? 30 (52.6%) 22 (38.6%) 5(8.8%)

Required to complete an advanced POCUS elective (eg, regional anesthesia, 20 (35.1%) 34 (59.6%) 3 (5.3%)

transesophageal echocardiography)?

Structured curriculum toward meeting goals or milestones? 28 (49.1%) 26 (45.6%) 3 (5.3%)
Education

Required to present a POCUS lecture to students, residents, and/or faculty? 48 (84.2%) 8 (14.0%) 1(1.8%)

Required to serve as hands-on instructor at a POCUS workshop? 45 (78.9%) 10 (17.5%) 2 (3.5%)
Administration

Required to participate in quality assurance of emergency department 42 (73.7%) 13 (22.8%) 2 (3.5%)

POCUS scans?

Required to participate in a POCUS-focused quality improvement project? 28 (49.1%) 27 (47.4%) 2 (3.5%)
Research and Scholarly Activity

Required to conduct POCUS-focused research? 26 (45.6%) 29 (50.9%) 2 (3.5%)

Required to attend a POCUS-focused conference? 23 (40.4%) 31 (54.4%) 3 (5.3%)

Required to present a POCUS-focused abstract at an ultrasound or 12 (21.1%) 42 (73.7%) 3 (5.3%)

emergency medicine conference?

Required to contribute to a POCUS-focused manuscript in a peer-reviewed 8 (14.0%) 45 (78.9%) 4 (6.9%)

journal publication?

Dedicated non-clinical time to pursue scholarly track goals? 33 (57.9%) 22 (38.6%) 2 (3.4%)

POCUS, point-of-care ultrasound.

trained faculty nor the presence of a clinical ultrasound
fellowship itself had an association with a residency offering
a POCUS track. For programs without a POCUS track, the
most significant contributing factor was the lack of scholarly
tracks in general, whereas only 25.4% reported insufficient
faculty availability and 15.5% reported inadequate faculty
expertise as reasons. This differs from the 2017 survey of
general scholarly tracks, in which the most common reason
reported for not having tracks was insufficient faculty.?

Among the 57 residencies with POCUS scholarly tracks,
there was significant variation in the individual components
of these tracks. This is consistent with the 2003 survey finding
diverse implementations of residency POCUS curricula.*

This variation in track components may reflect the wide

range of interests, backgrounds, and resources of POCUS
faculty across EM residency programs. Future research should
determine which components are most valuable for learners,
in order to guide programs seeking to create or improve
existing scholarly tracks.

In total, POCUS scholarly tracks led to 139 POCUS-
specific abstracts and 80 POCUS-specific, peer-reviewed
publications over the past three years by scholarly track
residents. Scholarly tracks provide an opportunity for
residents to gain experience with research and meet their
residency scholarly requirement. A review of published
research abstracts at the Society of Academic Emergency
Medicine Annual Meeting found that from 1999-2015, there

was a 10.2% increase in the number of accepted abstracts
related to POCUS research, with a 26.6% increase in the
number of unique authors.!! While our study did not find

an association between a specific research requirement and
abstracts or publications, a required research component to the
track may still be of interest to residency program directors
and ultrasound division directors looking to increase their
department’s POCUS scholarly output.

Despite the lower number of programs with a POCUS
scholarly track, almost one-fifth of residency programs
without a POCUS scholarly track responded that they
would be developing one over the upcoming academic year.
Over half of all total respondents also expressed interest
in receiving guidance for developing a POCUS track. The
only published model to date of a POCUS scholarly track
describes a single program and may thus not be applicable
to all EM residencies.'? A 2009 academic working group
discussed general scholarly tracks and made the following
recommendations for fostering successful implementation:
creating clear goals and objectives for each track; matching
track topics with faculty expertise; protecting time for
both faculty and residents; providing adequate mentorship
for residents; publicizing accomplishments internally and
monitoring progress; and refining the tracks regularly.' We
found that 49.1% of POCUS scholarly tracks consisted of a
structured curriculum toward meeting goals or milestones, and
52.6% of tracks provided dedicated time to pursue track goals.
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Table 5. Outcomes of point-of-care ultrasound scholarly tracks over the past three academic years (n = 57).

Outcome Median (IQR) Range Total
Number of graduates 4 (2-9) 1-25 300
Number of graduates who proceeded to clinical ultrasound fellowship 1(0-2) 0-4 75
Number of abstracts presented externally at conferences 2 (0-3) 0-20 139
Number of peer-reviewed publications generated 1(0-2) 0-10 80

IQR, interquartile range.

Therefore, there is a need and desire to develop best practice
consensus guidelines offering strategies for developing and
sustaining successful POCUS residency scholarly tracks.

LIMITATIONS

The results of our survey study are subject to the limitations
inherent to this form of data collection. For instance, there may
have been selection bias toward those programs with POCUS
tracks. However, we were able to achieve a response from
three-quarters of programs by using serial surveys delivered
through multiple distribution methods, leading to a higher
response rate than the 2017 online survey of general scholarly
tracks.? In addition, as a cross-sectional study, only one time
period was evaluated. The survey results may change as more
EM residencies are created and POCUS continues to advance as
a subspecialty. Thirdly, since we did not track the effectiveness
of individual program components, we were unable to comment
on which components are the most valuable to have in a
POCUS scholarly track.

We also did not compare the academic rigor or scholarly
output between POCUS scholarly track residents and
“POCUS-interested” residents in those programs without a
POCUS scholarly track, as the standard or criteria for what
constituted a “POCUS-interested” resident would vary widely
among survey respondents from different types of residency
programs. Finally, it is possible that some programs may have
educational programs or curricula that may not be defined as
scholarly tracks but share some overlap with scholarly tracks.
While we asked programs to self-identify scholarly tracks
based on the definition, some programs may not have self-
identified in that manner, leading to potential under-reporting
in those programs.

CONCLUSION

This study describes the current prevalence,
characteristics, and outcomes of POCUS scholarly tracks
across United States EM residency programs. The results of
this study may inform the decisions of ultrasound division
directors and residency program directors when considering
the creation of scholarly tracks in their own programs. The
broad interest in receiving guidance on POCUS scholarly
tracks also lends support to the future development of expert
consensus guidelines.
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Introduction: Although emergency medicine (EM) residency program directors (PD) have multiple
sources to evaluate each applicant, some programs await the release of the medical student
performance evaluation (MSPE) to extend interview offers. While prior studies have demonstrated
that MSPE content is variable and selectively positive, no prior work has evaluated the impact of
the MSPE on the likelihood to invite (LTI) applicants for a residency interview. This study aimed to
evaluate how information in the MSPE impacted LTI, with the hypothesis that changes in LTI would
be relatively rare based on MSPE review alone.

Methods: We conducted a prospective, observational study analyzing applications to three EM
residency programs during the 2019-2020 match cycle. Reviewers assessed applications and rated
the LTI on a five-point Likert scale where LTI was defined as follows: 1 = definitely no; 2 = probably
no; 3 = unsure; 4 = probably yes; and 5 = definitely yes. The LTI was recorded before and after
MSPE review. A change in LTI was considered meaningful when it changed the overall trajectory of
the applicant’s likelihood to receive an invitation to interview.

Results: We reviewed a total of 877 applications with the LTI changing =1 point on the Likert scale
160 (18.2%) times. The LTI was meaningfully impacted in a minority of applications — 48 total

(5.5 %, p< 0.01) — with only 1 (0.11%) application changing from 1 or 2 (definitely/probably no) to 4
or 5 (probably/definitely yes) and 34 (3.8%) changing from 3 (unsure) to 4 or 5 (probably/definitely
yes). Thirteen (1.5%) applications changed from 4 or 5 (probably/definitely yes) to 3 (unsure or
probably/definitely no).

Conclusion: Review of the MSPE resulted in a meaningful change in LTI in only 5.5% of
applications. Given the time required for program leadership to review all parts of the variably
formatted MSPEs, this finding supports a more efficient application review, where the PD’s focus is
on succinct and objective aspects of the application, such as the Standardized Letter of Evaluation.
[West J Emerg Med. 2021;22(5)1102—-1109.]
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INTRODUCTION

Emergency medicine (EM) program directors (PD)
have multiple data points to review when screening
applicants and extending interview offers. These data
points include the curriculum vitae (CV), medical school
transcript, United States Medical Licensing Examination
(USMLE) results, personal statement, Standardized Letters
of Evaluation (SLOE), and the medical student performance
evaluation (MSPE). The MSPE is designed to be a letter of
evaluation that provides an objective summary of a medical
student’s personal attributes, experiences, and academic
accomplishments, as well as a comparison to their institutional
peers.' The guidelines for writing the MSPE provided by the
American Association of Medical Colleges (AAMC) illustrate
that it should contain six sections: (1) identifying information;
(2) noteworthy characteristics; (3) academic history; (4)
academic progress; (5) summary; and (6) medical school
information.! Despite the intended purpose of the MSPE,
previous literature has demonstrated that not all institutions
follow the AAMC guidelines regarding letter construction.>?

Given the average of 101 hours per year spent on application
review by PDs, they desire objective and comparative data to
differentiate between applicants as efficiently as possible.* In EM,
83% of PDs cite the MSPE as one of many factors used to decide
which applicant to invite.’ The potential value of the MSPE lies
in the fact that it is the only place in the application where a PD
can view narrative information outlining a student’s performance
in both the pre-clinical and clinical curriculums, personal and
professional attributes, and performance compared to peers at
their institution.' Unfortunately, in addition to the variability in
the structure of the MSPE between institutions, prior work has
demonstrated that MSPE content is selectively laudatory.® The
variability and overall positive tone may have contributed to prior
survey data showing that EM PDs ranked the MSPE as 13™ of
the 16 most important application components with regard to
resident selection.” Although this survey was done prior to the
most recent MSPE taskforce recommendations instituted in 2016,
the most recent National Resident Matching Program survey of
PDs in EM in 2018 continued to show that specialty letters of
recommendation (i.e., the SLOE) are prioritized over the MSPE
in selecting applicants for interview, with the SLOE ranked as the
first most influential factor out of 33 total factors surveyed and
tthe MSPE ranked 23rd out of those 33 factors.

Prior literature regarding the MSPE has largely focused
upon the summary section, which typically includes a summative
adjective or statement regarding the overall performance of
the medical student. Authors of MSPEs are advised that the
adjective or statement should be included only if school-wide
comparative data is available.! Hom et al revealed limitations
in availability of comparative data with regard to the summary
adjective and demonstrated that 17% of institutions using a
summary adjective did not provide a full list of potential adjective
words or distribution data, and an additional 10% did not
provide the distribution data for each adjective.® In addition, this

Population Health Research Capsule

What do we already know about this issue?

The medical student performance evaluation
(MSPE) is known to be selectively laudatory

and variable in content. Emergency medicine

(EM) program directors value objective, concise
information when reviewing applicants for residency.

What was the research question?

Does review of the MSPE provide information
that results in meaningful change in a program's
likelihood to invite (LTI) an applicant for an
EM interview?

What was the major finding of the study?
The MSPE results in meaningful change in LTI in
approximately ~5% of application reviews.

How does this improve population health?

Our findings support Program Directors’ focus on
succinct and objective aspects of the application
rather than the MSPE, such as the Standardized
Letter of Evaluation.

adjective tends to be universally positive with descriptors such as
“outstanding,” “excellent,” “very good,” and “good” representing
the most common categories.’ Program directors attempting to
compare students on the basis of the summary adjectives face the
challenge of incomplete comparative information, inconsistent
terminology between institutions, and the usage of only positive
adjectives to describe performance.”!

Given these challenges, it is not surprising that EM PDs
value more succinct and objective parts of the application, such as
the SLOE, clerkship grades, and EM rotation performance, when
deciding which students to interview.”!'! Despite the limitations of
the MSPE outlined above, some programs wait two weeks after
the Electronic Residency Application Service (ERAS) opens on
September 15 for the traditional release of the MSPE on October
1 before beginning comprehensive application review. This
leads to a compressed time frame for completion of application
review and interview offers. In this study we aimed to evaluate
whether information gained from review of the MSPE changed
PDs likelihood to invite (LTT) applicants for interview.'? Our
hypothesis was that MSPE review would not consistently result
in meaningful change in the LT1.

29 ¢

METHODS

Three Accreditation Council of Graduate Medical
Education-accredited EM residency programs (sites)
participated in this prospective, observational study conducted
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during the 2019-2020 application cycle, with data collection
completed between October 1, 2019-November 1, 2019.
Two of the sites were university-affiliated, and one site was
university-affiliated and community-based. Reviewers from
each of the three participating sites reviewed applications
submitted through ERAS. The application reviewers,
including three PDs, three associate/assistant PDs, and one
chief resident, all made final decisions regarding applicant
interview invitations in the 2019-2020 cycle. The chief
resident who reviewed at one study site reviewed 19 total
applications, and his decisions on inviting were re-reviewed
by the site PD previous to making it final, thus ensuring that
the review of applications remained consistent with other
applications reviewed at this site. Table 1 provides further
information related to site/program demographics, class size,

Table 1. Demographic characteristics of the three participating
program sites and application reviewers at the respective sites.

Site 1 Site 2 Site 3

Program 3 3 3

length

Program class 12 10 10

size

Setting Community/ University, University,
university- urban rural
affiliated, urban

Total 1,191 1,071 643

applications

received

Applications 244 (20.4%) 290 (27.1%) 343 (53.3%)

reviewed n,

(% of total)

Reviewers Program Program Program
Director, Director, Director,
Associate Assistant Associate
Program Program Program
Director, Chief  Director Director
resident

Years of PD-20 years PD-13 years  PD-9 years

experience of APD-10years  APD-4 years APD-8 years

each reviewer

Chief

resident-1 year,

supervised by
PD and APD

PD, program directors; APD, assistant/associate program directors.

and total numbers of applications received and reviewed, as
well as the site reviewers and associated years of experience.
Inclusion criteria for the study were EM applications
received via ERAS and reviewed by the three participating
residency programs. Exclusion criteria included applicants
already invited for interview prior to MSPE release,
applications missing an MSPE, and applications that were

inadvertently reviewed by more than one reviewer at a
single site. We excluded applicants who had been offered an
interview prior to MSPE review, as the investigators felt that
the impact of the information contained in the MSPE upon
LTI could not be accurately assessed if the decision to invite
had previously been made.

We acknowledge that each site has a unique approach
to application review and the decision to invite is individual
and multifactorial. Given that the specific objective of the
study was to determine the impact of the MSPE on LTI,
each site was permitted to review applications via their
standard processes, reviewing all other variables as they
normally would, except for being blinded to the MSPE on
the initial review. Blinding was accomplished by instructing
site reviewers to not view the MSPE in ERAS on initial
application review. After this initial review, reviewers
recorded their initial LTI on the Likert scale, described in the
following paragraph. Subsequently, the MSPE was reviewed
and the LTI was re-recorded.

The pre- and post-MSPE review LTI was determined
on a five-point Likert scale: 1= definitely no; 2 = probably
no; 3 = unsure; 4 = probably yes; and 5 = definitely yes. The
“unsure” designation was intended for candidates placed on
each program’s waitlist or those applications that the program
was planning to review an additional time prior to making
a final interview decision. The LTI and factors influencing
the LTI on initial review were recorded on an internally
derived survey developed through a secure Qualtrics platform
(Qualtrics ™, Provo, UT) (Appendix 1). All reviewers worked
collaboratively to develop and test the survey before official
implementation to ensure it efficiently captured relevant data
that outlined the application factors influencing the applicant’s
LTI both before and after MSPE review. Through a conference
call with all sites prior to the initiation of the review process,
all reviewers received a brief tutorial of the process for survey
completion. Daily email reminders were sent to all reviewers
during the study period.

Given that the same applicant could have applied to
more than one of the institutions reviewing applications,
each review counted as an individual data point in the study.
The inclusion of multiple data points for a single applicant,
derived from different review sites, was felt to be appropriate
given that every program has its own system for application
review and may differ in the factors that are most influential in
deciding on the LTI for an applicant.

When the LTI did change after MSPE review, the
reviewer recorded what information obtained from the MSPE
resulted in the change. Options presented to reviewers for
information obtained from the MSPE included the following:
narrative rotation comments; class rank; report of remediation/
probation; delay in completion of training; perception of
professionalism; and a free-text box for other factors that
influenced the LTI. Alternatively, when the LTI did not change
after MSPE review, reviewers noted the primary source
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of data from the ERAS application that influenced their
initial LTI. Potential data points for selection included the
SLOE global assessment rankings, personal statement, prior
knowledge of the applicant (i.e., had rotated at the institution,
was known from medical school, etc.), CV information,
USMLE performance, and another free-text box for any
additional influencing factors.

Although all changes were recorded and analyzed, we
only considered a change in LTI to be meaningful when
it changed an applicant’s invitation status. For example, a
change was considered meaningful when an interview offer
was planned on initial application review (definitely yes/
probably yes), but after MSPE review, the candidate’s LTI
was changed to a Likert scale anchor signifying the applicant
would no longer likely be invited (unsure/ probably no/
definitely no). Conversely, a change was considered non-
meaningful when the change in LTI did not change the
overall outcome of the applicant’s interview status. Specific
examples of non-meaningful change in our study are
demonstrated by a change from “probably yes” to “definitely
yes” or “probably no” to “definitely no” that did not result
in any change in the program’s LTI. Changes involving the
LTI of “unsure” were considered meaningful when it resulted
in a change in the applicant’s interview status. For example,
“unsure” to “probably yes” or “definitely yes” resulted in
a likely interview offer where one had not been previously
planned/extended and was considered meaningful. A change
from “unsure” to “probably no” or “definitely no” was not
considered meaningful, as the applicant had never actually
received an invite, and this didn't change with the change in
the LTI from an “unsure” to a “probably or definitely no.” To
ensure that our definition of meaningful change was valid, we
analyzed and recorded the real-world interview status of each
applicant (interview offered or not offered) and compared it to
the post-MSPE review “final” LTI to ensure that all applicants
with a “probably yes”/ “definitely yes” were invited and all
applicants with an “unsure”/ “probably no”/ “definitely no”
were not invited.

Data were extracted from Qualtrics and analyzed
calculating for all variables. We assessed substantial
differences in average LTI rankings between reviews that
resulted in a meaningful LTI change vs non-meaningful
change using analysis of variance or the nonparametric
Wilcoxon test in the case of significant departures from
normality. An alpha of 0.05 was selected as the threshold for
statistical significance. The institutional review board at the
main study site reviewed and approved this study.

RESULTS

The three institutions received a total of 2905
applications, with 1191, 1071, and 643 applications at each
site, respectively (Table 1). Following each institution’s
application of their individual screening process, there were a
total of 1001 applications reviewed from the three institutions

during the study period.

Overall, 124 applications were excluded from review.
Of these 124, 103 were offered an interview prior to MSPE
review, and 19 were excluded due to inadvertent review by
two investigators at the same institution. Two additional
applications were excluded due to incomplete data entry. The
remaining 877 applications — 244 from Site 1, 290 from Site
2, and 343 from Site 3 — were analyzed (Figure 1).

1,001 applications reviewed

19 reviewed by 2 investigators
at same institution

103 offered an interview prior
to MSPE review

2 with incomplete data entry

877 applications
included for analysis

Figure 1. Flow of application review and analysis.
MSPE, Medical Student Performance Evaluation.

The 877 applications reviewed were from 757 unique
applicants, and the demographic characteristics of the
unique applicants and the study sites are shown in Table 2.
Residency programs received applications from medical
schools across the country, with all regions being fairly
equally represented. Although a slightly larger number
of applicants are reported from the study site regions of
the northeast and southeast, all regions of the country are
represented in the data set. For further details regarding more
specifics of applicant geographic demographics, please refer
to appendix B.

To determine whether the Likert scale described in the
methods section correlated with the actual invite decision
from programs, we analyzed the “real-world” final interview
decision for each LTI rating, as displayed in Table 3. The LTI
recorded in the survey instrument strongly correlated with the
final interview decision by the program.

In 160 (18.2%) of the total applications, pre/post LTI
changed >1 point on the Likert scale, but in 91 of those
applications (56.8%), the overall LTI was not meaningfully
changed, as referenced in the criteria for meaningful,
as defined above. Therefore, in 829 (94.5%) of the total
applications, there was no meaningful change in LTI following
MSPE review (P =<0.001).
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Table 2. Demographic characteristics of the applicants.

Total number of unique applicants 757
reviewed
Age (range in years) 23-48
Mean Age, SD 27.8 £3.2
Gender, n (%)
Male 487 (64.4%)
Female 269 (35.5%)

Region, n (%)

Northeast 182 (24.0%)
Southeast 234 (30.9%)
Midwest 201 (26.5%)
West 135 (17.8%)
International 4 (0.52%)

Medical school type, n (%)

Public 509 (67.2%)
Private 179 (23.6%)
Osteopathic 64 (8.4%)
International 4  (0.52%)

Standardized examination scores,
range (mean SD +/-)

USMLE Step 1
USMLE Step 2 CK

192-265 (231 £ 15)
210-279 (244 + 14)
COMLEX Level 1 451-730 (601  68)
COMLEX Level 2 423-887 (6251 96)

USMLE, United States Medical Licensing Examination; CK,
clinical knowledge; COMLEX, Comprehensive Osteopathic
Medical Licensing Examination; SD, standard deviation.

Only 48 (5.4%) of the total applicants had a meaningful
LTI change, as defined above. One (0.11%) LTI changed
from probably no (2) to probably yes (4). Thirty-four LTIs
(3.8%) changed from unsure (3) to probably or definitely
yes (>4), and 13 LTIs (1.5%) changed from probably yes or
definitely yes (>4) to unsure, probably no, or definitely no
(<3) (Figure 2, Table 4).

In the 48 applications in which there was meaningful
change, the most common factor cited for change was MSPE
narrative comments in 26 (54.1%) reviews. When there was
no meaningful change in LTI following MSPE review, the
SLOE was the most frequently cited factor for the LTI in 521
(62.8%) of applications reviewed (Table 5).

DISCUSSION

The MSPE is the only source that provides a
comprehensive and comparative assessment of a student’s
medical school performance.!® Despite the intended purpose,
prior work by Shea et al has demonstrated that a significant
portion of MSPEs do not clearly state grades and are not

Table 3. Descriptive statistics correlating final Likert scale “likelihood
to invite” ratings with “real-world” applicant interview status.*
Received interview  No interview invitation
invitation (n, % of received (n, % of LTI

Final LTI after

MSPE review LTI category) category)
Definitely no 0 (0%) 106 (100%)
Probably no 3 (1.5%) 197 (98.5%)
Still unsure 27 (20.0%) 108 (80.0%)
Probably yes 217 (89.7%) 25 (10.3%)
Definitely yes 187 (96.4%) 7 (3.6%)
Total 434 443

*Note that interviews that were extended after the November 1
conclusion of this study were considered to be a “no invite received”
for the purpose of this analysis.

LTI, likelihood to invite; MSPE, Medical Student Performance
Evaluation.

transparent regarding whether a student had completed
remediation or had adverse actions taken during medical
school.? Even though the AAMC clearly outlined the suggested
template for MSPE construction across three separate revisions,
only 75% of MSPEs followed the proposed guidelines, making
it difficult for reviewers to compare students from different
medical schools.” Given this variability, the utility of the MSPE
in helping to decide which candidates to invite for an interview
is likely limited. Our study is the first, to our knowledge, to

Definitely yes to probably yes

Probably yes to definitely yes

*Probably yes to unsure
*Probably yes to probably no

*Unsure to probably yes

Unsure to probably N0

Unsure to definitely o gy

*Probably no to probably yes

Probably no tounsure

Probably no to definitely no

Definitely no to probably no -

0 5 10 15 20 25 30 35 40 45 50

Figure 2. The degrees of change in “likelihood to invite” before and
after Medical Student Performance Evaluation (MSPE) review for
applications where MSPE review resulted in a change of at least 1
point on the Likert scale.

*Indicates meaningful change in the likelihood to invite, defined
by a change in the Likert scale from no (< 2) to yes (= 4); from yes
(= 4) to no (= 2); from unsure (3) to yes (= 4); and from yes (= 4)
to unsure (3). Those applicants who received a score of no (< 2)
to unsure (3) or unsure (3) to no (< 2) never had a direct interview
invitation offered in the course of the study, and thus this change
was not considered meaningful.

LTI, likelihood to invite; MSPE, Medical Student Performance
Evaluation.
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Table 4. Effect of Medical Student Performance Evaluation on
likelihood to invite (LTI) and characteristics of LTI change.

Table 5. Primary factor in decision to invite if there was no
meaningful change in LTI after MSPE review and primary factor
obtained from MSPE if meaningful LTI changed after MSPE review.

N (%) 95% Cl P
MSPE review resulted in 829 92.8-95.8 <0.001
no meaningful change (94.5%)
on LTI
MSPE review resulted in 48 (5.5%) 4.1-7.2
meaningful change on
LTI overall
LTI changed from 35(3.9%) 2.8-54
definitely/probably no
or unsure to definitely/
probably yes
LTI changed from 13 (1.5%) 0.8-2.5

definitely/probably yes to
unsure or from definitely/
probably yes or unsure to
definitely/probably no

Primary factor in decision to invite if no N (%)
meaningful change (no change at all +

insignificant-not meaningful change) in LTI after

MSPE review (total n=829)

LTI, likelihood to invite; MSPE, Medical Student Performance
Evaluation; CI, confidence interval.

directly assess the impact of the MSPE on a program’s LTI a
residency applicant for an interview.

In addition, it is well recognized that code words used for
ranking systems in the MSPE summary statement are largely
positive adjectives, even for the lowest performing students.
Across medical schools, there is no consistency in what subset
of students these positively descriptive terms are referencing.’
Our results demonstrate that the MSPE review infrequently
results in meaningful change in the LTI of an applicant for
interview and is strongly suggestive that the utility of the
MSPE, as currently constructed, is limited.

Despite repeated guidance from the AAMC for the
MSPE to be an evaluation, not a recommendation, there are
incentives for medical schools to present their students in
the best light possible."? Authors of MSPEs may feel that a
student’s inability to match into a residency program reflects
poorly on their medical school.!* The variability and laudatory
nature of the MSPE for even the lowest performers can
make it difficult for PDs to use the information provided to
effectively screen candidates for interview. Previous literature
has gone as far as to suggest that, given the pressure on
medical schools to successfully match their students, authors
of MSPEs should be an unbiased, knowledgeable group of
writers who are not dually conflicted as both student advisors/
advocates and evaluators writing the MSPE."

We also know from previous studies that objective
factors, such as SLOEs and USMLE scores, have been
more influential in a PD’s LTI an applicant for interview.

A PD’s reliance upon this data may lie in the fact that these
components, unlike the MSPE, are clearly presented and

are more useful in quickly comparing applicants across
institutions.® Our study corroborates this finding, with the
SLOE:s driving the decision to extend interviews 62.8% of the

Non-MSPE Factors

SLOE global assessment 521 (62.8%)

USMLE performance 49 (6.0%)
Prior knowledge of applicant from rotation 24 (2.9%)
Aspects of CV (research, awards) 20 (2.4%)
Personal statement 15 (1.8%)
Other 90 (10.9%)
MSPE Factors
Additional character information 8 (1.0%)
Class ranking 23 (2.8%)
Delay in completion of training 1(0.1%)
Narrative rotation comments 47 (5.7%)
Other 11 (1.3%)
Perception of professionalism 5 (0.6%)
Report of remediation 15 (1.8%)

Primary factor obtained from MSPE if MSPE
review resulted in meaningful change

(total n = 48)
Narrative rotation comments 26 (54.2%)

Class ranking 11 (23.0%)

Report of remediation or probation 3 (6.3%)
Additional character information (mission 3 (6.3%)
trips, background, volunteerism)

Perception of professionalism 4 (8.3%)
Other 1 (2.1%)

LTI, likelihood to invite; MSPE, Medical Student Performance
Evaluation; SLOE, Standard Letter of Evaluation; USMLE, US
Medical Licensing Examination; CV, curriculum vitae.

time when the MSPE review did not result in any meaningful
change in LTI. We acknowledge that the true objectivity of the
SLOE is still imperfect, as some authors cluster the majority
of applicants in the upper tiers of the global assessment
ranking and the perceived quality of the narrative is dependent
upon the evaluators’ experience and reputation.'® Despite
these SLOE imperfections, PDs crave succinct, objective,
and comparative information when determining the LTI a
candidate to interview. Our study reinforces previous work
that the SLOE is the primary driver in making these decisions.
In our study, the MSPE review did not frequently result in
any meaningful change to LTI. In most cases where the MSPE
resulted in any change on the Likert scale (n = 110), it was not a
meaningful change, as determined by the applicant’s likelihood
to receive an interview and simply confirmed the decision that
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had been made prior to MSPE review. Interestingly, in both the
smaller (n = 48) subset of applicants in which the MSPE did
result in meaningful change and those where the MSPE resulted
in a non-meaningful change, the most influential factor was

the narrative rotation comments. Perhaps not so coincidentally,
this is an area where MSPE authors have been shown to be
compliant with the AAMC guidelines, likely reflecting that the
information is presented in a format that is easy to interpret and
compare between applicants.’ Additionally, narrative rotation
performance often incorporates aspects of professionalism.
Experienced program leaders understand that navigating
professionalism issues is among the most challenging of

issues to remediate. Given that PDs value high standards of
professionalism, adherence to the 2016 AAMC guidelines

to include information regarding deficient and exemplary
professionalism performance offer an easy opportunity to
enhance the utility of the MSPE.

Although the 2020-2021 match cycle included a delayed
opening of ERAS with a simultaneous release of the MSPE,
traditionally, there has been at least a two-week lag time from
the opening of ERAS on September 15 and the release of the
MSPE. It is likely that some programs delayed application
review during that lag period to wait on the MSPE. Our
study results demonstrate that in the majority of applications
(94.5%), the MSPE does not result in any meaningful change
to the LTI, suggesting that PDs could begin application
screening and extend interviews prior to MSPE release.

The SLOEs are the primary factor influencing the decision
to invite applicants, suggesting that the SLOE provides the
desired comparative data for applicant reviewers that the
MSPE may be lacking.>'" It is likely that PDs preferentially
appreciate the SLOE, given that it presents information on
a student’s medical knowledge, clerkship performance, and
professionalism in a succinct and objective format.

As recently published data has shown, applicants have
traditionally demonstrated a higher performance on their home
rotation when compared to an away rotation.'® Traditionally,
we have been afforded the opportunity to compare information
from an applicant’s home SLOE and at least one away SLOE.
Given the restrictions presented by COVID, away rotations
were largely prohibited, which limited the ability for applicant
reviewers to compare objective data from home versus away
rotations. If these restrictions on away rotations continue and
only the student’s home SLOE is available to the reviewer,
these SLOEs may be perceived as giving a more subjective
evaluation of the applicant, as the SLOE authors may want to
increase the applicant’s success in matching in their dual roles
as evaluators and advisors. If these changes are permanent,
perhaps the MSPE, particularly the narrative comments, most
closely resembling the narrative comments in the SLOE, will
have a bigger impact on applicant LTI in the future.

The MSPE has the potential to provide useful
information, but as it currently stands, this letter does not
result in meaningful change in the LTI for the majority of

applicants. Authors of MSPEs undoubtedly spend a significant
amount of time constructing this review of a medical student’s
performance. Given the time spent and dedication invested by
MSPE authors, it would seem prudent that systems be put in
place to ensure that the MSPE is truly a reflective evaluation
that serves its intended purpose and increases the utility to

its readers. If the MSPE were more standardized, objective,
inclusive of both positive and negative performance regarding
professionalism, easily accessible and discernible, and written
by authors who abide by AAMC guidelines, we may obtain
the MSPE we have all been yearning for.

LIMITATIONS

Residency programs have different methods of evaluating
applicants and may value different data points when
determining the LTI. To assess the impact of the MSPE,
reviewers were instructed to view the application while
remaining blinded to the MSPE until after they had assigned
an LTI score. Reviewers were asked to self-report if they had
made an interview decision before looking at the MSPE. Our
methods were similar to those outlined in a study evaluating the
impact of the standardized video interview and may suffer from
similar limitations, most notably a pre-formed notion of the LTI
based upon the other elements of the application that may have
changed if the MSPE was viewed in a different order."

The LTI and the invite status of an applicant reported in
this study were determined from initial application review,
and thus did not take into account the rare circumstances
where an initial invite status was later changed due to specific
applicant circumstances, such as an email expressing interest
that prompted re-review of the application and ultimate invite
or a program moving someone from an on-hold list to fill a
last-minute cancellation in the schedule. In these cases, the
change in ultimate invite status was not based on the MSPE,
but on other extenuating circumstances that changed the
application reviewer’s decision. However, given the few
instances of these changes occurring, and the MSPE not being
the driving factor for these changes, we do not feel that this
limitation significantly impacted study results or the validity
of the definition of meaningful change. Although it could be
asserted that the definition of meaningful change based on the
LTI scale is somewhat subjective, it was shown to accurately
represent real-world interview invitation status as shown
in Table 4. The applicants ranked as “probably/definitely
no” largely ended up not receiving an interview (99.1% did
not get an interview) and the applicants ranked “probably/
definitely yes” largely ended up receiving an interview (92.7%
did get an interview). Therefore, a change from “probably no”
to “definitely no” and “probably yes” to “definitely yes” was
not a meaningful change, and further supports our definition
of meaningful change as outlined above.

We also acknowledge the potential for a Hawthorne effect,
as reviewers were not blinded to the purpose of the study
during application review. However, there was no effective
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way for faculty members to be blinded, given that they were
asked to determine LTI before and after review of the MSPE,
with the only additional data point reviewed in determining
the second LTI being the MSPE itself. Finally, although there
were three sites in this study, they are all located in a relatively
similar geographic location. However, our sample included
applicants from 141 distinct institutions, representing all
regions of the country.

CONCLUSION

In a multicenter, prospective, observational study reviewing
877 applications, 94.5% of applications had no meaningful
change in the likelihood of being invited to interview following
MSPE review. For those applications that did have a meaningful
change, narrative rotation comments were cited as the primary
factor. Although we acknowledge that 5% meaningful change
is not completely insignificant, the extensive time involved in
detailed MSPE review overall results in infrequent change in
an applicant’s LTI. Perhaps a renewed call for MSPE authors
to adhere to the guidelines, with an emphasis on providing
consistently organized and objective content, would result in a
higher frequency of meaningful change in LTI, justifying the
time spent by program leaders in reviewing this document. In
conclusion, although the MSPE has the potential to provide
comparative and objective information regarding medical
school performance, review of the MSPE in its current construct
infrequently results in meaningful change in the likelihood to
invite an applicant for interview.
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Introduction: Radiology training is an important component of emergency medicine (EM)
education, but its delivery has been variable. Program directors have reported a lack of
radiology skills in incoming interns. A needs assessment is a crucial first step toward improving
radiology education among EM residencies. Our objective was to explore the current state of
radiology education in EM residency programs.

Methods: This was a cross-sectional survey study of all Accreditation Council for Graduate
Medical Education-accredited EM programs in the United States. Program leadership completed
an online survey consisting of multiple choice, Likert scale, and free-response items. We
calculated and reported descriptive statistics.

Results: Of eligible EM programs, 142/252 (56%) completed the survey including 105
postgraduate year (PGY) 1-3 and 36 PGY 1-4 programs. One respondent opted out of
answering demographic questions. 23/141 (16%) were from the Western region, 29/141 (21%)
were from the North Central region, 14/141 (10%) were from the South-Central region, 28/141
(20%) were from the Southeast region, and 47/141 (33%) were from the Northeast region. A
total of 88/142 (62%) of responding programs did not have formal radiology instruction. Of the
education that is provided, 127/142 (89%) provide it via didactics/lectures and 115/142 (81%)
rely on instruction during clinical shifts. Only 51/142 (36%) provide asynchronous opportunities,
and 23/142 (16%) have a dedicated radiology rotation. The majority of respondents reported
spending 0-2 hours per month on radiology instruction (108/142; 76%); 95/141 (67%) reported
that EM faculty “often” or “always” provide radiology instruction; 134/142 (95%), felt that it was
“extremely” or “very important” for ED providers to be able to independently interpret radiograph
results; and 129/142 (90.84%) either “sometimes” or “always” rely on their independent
radiograph interpretations to make clinical decisions. The radiology studies identified as most
important to be able to independently interpret were radiographs obtained for lines/tubes, chest
radiographs, and radiographs obtained for musculoskeletal-related complaints.

Conclusion: A minority of EM residency programs have formal instruction in radiology despite

the majority of responding program leadership believing that these are important skills. The most
important curricular areas were identified. These results may inform the development of formal
radiology curricula in EM graduate medical education. [West J Emerg Med. 2021;22(5)1110-1116.]
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INTRODUCTION

In the acute setting, rapid and accurate interpretation
of diagnostic imaging is critical to patient care, especially
in clinical arenas that require real-time interpretation such
as the emergency department (ED). Studies have also
shown attending radiologist coverage is variably available,
necessitating emergency physicians to make treatment
decisions based on their own interpretation.' Prior literature
has shown wide variability in radiologist and emergency
provider concordance with respect to interpretations of
studies, which raises the question of accuracy of interpretation
by emergency physicians.>® This may be due to inadequate
training for such tasks. Radiology instruction is variable in
undergraduate and graduate medical education, ranging from
informal teaching to required educational experiences.”!

This variability in exposure and training may lead to varying
provider competency. In fact, a recent survey of emergency
medicine (EM) attendings found that only 30% felt prepared
to independently interpret plain films on their own at
graduation from their residency.!”

In 2015, members of the Society of Academic Emergency
Medicine (SAEM) along with members from several
radiology organizations met and agreed that the ability to
select and interpret diagnostic imaging is an integral skill for
EM providers and, therefore, recommended that a diagnostic
imaging curriculum and tools to assess competency aimed at
EM residency training be developed.! It is unclear to what
extent these recommendations have been implemented. As
it stands, no standardized nationwide radiology curriculum
aimed at EM residents exists. A national needs assessment of
education leaders within our specialty is an important first step
to developing optimal curricula in radiology for EM residents.
In this study we aimed to explore the current state of radiology
instruction in EM residency programs in the United States and
to identify priorities for future curricula.

METHODS
Study Setting and Participants

We identified US EM programs accredited by the
Accreditation Council for Graduate Medical Education
(ACGME) through the ACGME website in March 2020.!?
We invited one member of the program leadership from each
program to participate based on available contact information,
with preference for program director over assistant/associate
program director over medical student directors. We collected
data between March—September 2020. This study was deemed
exempt by the institutional review board of University of
California, Los Angeles.

Study Design

This was a cross-sectional survey study. We identified
contact information for potential participants through the
ACGME website, the SAEM residency directory,'® programs’
individual websites, and study team members’ personal

Population Health Research Capsule

What do we already know about this issue?

In 2015 members of the Society of Academic
Emergency Medicine and other organizations
recommended that radiology curricula to
assess competency be developed.

What was the research question?
What is the current state of radiology
education among emergency medicine
residency programs?

What was the major finding of the study?

A minority of programs have formal instruction
despite program leadership believing it is
important.

How does this improve population health?
Understanding the current state of radiology
education lays the foundation for improving
radiology instruction, hopefully leading to
better care for patients.

knowledge. We invited subjects to participate by email

and provided them with a link to an internet-based survey
administered through SurveyMonkey.'* We sent two follow-up
email invitations at weekly intervals to non-responders. Informed
consent was implied by those who chose to complete the survey.

Instrument

One author with advanced training in survey design (SV)
developed the survey after literature review and input from
other expert EM educators to maximize content validity. The
survey consisted of Likert scale, multiple choice, and free-
response items. The survey was read aloud and discussed
among members of the study group and piloted with a small
group of representative subjects to ensure response process
validity. We made revisions for clarity and readability. To
maximize response rate and minimize guessing on items that
participants didn’t feel able to answer, respondents were not
required to complete every question. The final version of the
survey is available in Appendix A.

Data Analysis

We calculated and reported descriptive statistics for
multiple choice and Likert items. We performed a thematic
analysis of data from the single free-response item.
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RESULTS

We identified contact information for 252 ACGME-
accredited EM programs. A total of 142 (56.35%) completed
the survey. Characteristics of participating programs are
shown in Table 1.

More than half, 88/142 (61.97%), of EM programs did
not have formal instruction in radiology. Programs provide
instruction through didactics/lectures (127/142, 89.44%),
instruction during clinical shifts (115/142, 80.99%), and
asynchronous education (23/142, 16.20%). Just 23 programs
(16.20%) have a dedicated radiology rotation. When given the
opportunity to elaborate on their responses through free text,
16 respondents offered other unique areas where radiology
education was provided to their residents, which included
ultrasound rotations (eight respondents), radiology electives
(six respondents), orthopedics rotations (one respondent) and
anesthesia rotations (one respondent).

Programs dedicated varying amounts of time to radiology
instruction outside of clinical shifts with the most common
(108/142; 76.06%) being 0-2 hours per month. Four programs
(2.82%) provided no instruction outside of clinical shifts.
Twenty-one programs (14.97%) spent more than two hours but
not more than four hours per month, seven programs (4.93%)
spent more than four but not more than six hours per month,
one program (0.70%) spent more than six but not more than
eight hours per month, one program (0.70%) spent more than
eight but not more than 10 hours per month, and no programs
spent more than 10 hours per month.

Emergency medicine faculty were the instructors most

Table 1. Characteristics of emergency medicine residency programs.

commonly providing instruction in radiology to EM residents
with 95/141 (67.38%) programs indicating that this group
either “always” or “often” provided instruction. Of 138
programs, 60 (43.48%) indicated that EM residents (including
self-study) either “always” or “often” provided instruction.
Radiology faculty were noted to “sometimes” (47/137,
34.31%) or “rarely” (49/137, 35.77%) provide instruction.
Radiology residents “sometimes” (20/139, 14.39%) or
“rarely” (31/139, 22.3%) provided instruction. Other faculty/
residents noted to provide instruction included the following:
neurology; sports medicine/orthopedics; obstetrics &
gynecology; and surgery. See Table 2.

The majority (134/142; 95.03%) of respondents felt that
it was “extremely” or “very important” for ED providers
to be able to independently interpret radiograph results.
Sixty-eight of 142 (48.22%) felt it was “extremely” or “very
important” for ED providers to independently interpret
computed tomography (CT) images. See Figure and Table
3. Seventeen leaders responded with “It depends” for the
importance of independent CT interpretation, with 12
commenting that CT head is more important than other types
of CT. Additional free-text responses commented on the
wording of “independently interpret,” elaborating that they
expect residents to be familiar with but not experts in CT
interpretations. With respect to magnetic resonance imaging
(MRI), the majority of the respondents (87/142; 61.27%)
stated it was “not at all important” or “not so important” for
emergency care providers to be able to independently interpret
those studies.

N* (% of total)

Program Format
PGY 1-3 years
PGY 1-4 years

Primary Clinical Site
County
University
Community
Other

Program Region

Western Region (AK, AZ, CA, CO, HI, ID, MT, NM, NV, OR, UT, WA, WY)
North Central Region (IA, IL, IN, MI, MN, ND, NE, OH, SD, WI)

South Central Region (AR, KS, LA, MO, OK, TX)

Southeast Region (AL, FL, GA, KY, MS, NC, PR, SC, TN, VA, VI, WV)
Northeast Region (CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT)

105 (74.47%)
36 (25.53%)

21 (14.89%)
58 (41.13%)
54 (38.30%)

8 (5.67%)

23 (16.31%)
29 (20.57%)

14 (9.93%)
28 (19.86%)
47 (33.33%)

*1 respondent opted out of the demographic portion of the survey leaving 141 responses out of 142 responses.

PGY, postgraduate year.
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Table 2. Personnel providing radiology instruction to emergency medicine residents.

Never Rarely Sometimes Often Always Total
N (%) N (%) N (%) N (%) N (%) N*
Group

EM faculty 1(0.71%) 6 (4.26%) 39 (27.66%) 69 (48.94%) 26 (18.44%) 141
EM residents (includes self-study) 2 (1.45%) 12 (8.70%) 64 (46.38%) 50 (36.23%) 10 (7.25%) 138
Radiology faculty 25 (18.25%) 49 (35.77%) 47 (34.31%) 12 (8.76%) 4 (2.92%) 137
Radiology residents 84 (60.43%) 31 (22.30%) 20 (14.39%) 3 (2.16%) 1(0.72%) 139
Other specialty faculty 43 (32.33%) 46 (34.59%) 37 (27.82%) 7 (5.26%) 0 (0%) 133
Other specialty residents 75 (57.69%) 31 (23.85%) 22 (16.92%) 2 (1.54%) 0 (0%) 130

*Note, some questions were skipped by respondents.
EM, emergency medicine.

Almost 9% (12/142) of respondents “always” relied on
their own radiograph interpretation, while 52 respondents
(36.6%, 52/142) “usually” relied on their own radiograph
interpretation and 45.8% (65/142) “sometimes” relied on
their own interpretation. With respect to CT, 1% (2/141)
“always” relied on their own interpretation. Eight percent
(12/141) “usually” relied on their own CT interpretation, and
42% (59/141) “sometimes” relied on their own interpretation.
Regarding availability of attending radiology coverage, only
half of responding programs (73/141, 51.77%) indicated that
this was “always” available with 37.59% (53/141) noting it
was “usually” and 10.64% (15/141) “sometimes” available.
No programs reported that attending radiology coverage was
“rarely” or “never” available.

The most common radiology studies that respondents
believed residents should be able to interpret independently
at graduation were radiographs obtained for lines/tubes, chest
radiographs and radiographs obtained for musculoskeletal-
related complaints (Table 4).

Twenty-six participants provided additional free-text
comments at the end of the survey. One major theme
that emerged was the importance of being able to detect
emergent, time-sensitive pathology. For example, one
respondent commented: “the EM resident’s review [should]
focus on identifying major abnormalities for the modality,
intracranial hemorrhage (ICH) on head CT, appendicitis

on CT abdomen/pelvis, etc.” Another major theme was

the expectation of basic familiarity, but not expertise, with
imaging interpretation. As one respondent aptly put it:
“basic radiology should be expected and ... tested by ABEM
[American Board of Emergency Medicine] for certification,
complex reads should not be expected.” Lastly, respondents
highlighted the need for EM radiology curricula. Exemplar
quotes include the following:

“We use several, albeit woefully lacking for our needs,
websites for instruction. We are exploring creation of our own
site.” “I have looked for some sort of turn-key EM resident
radiology curriculum but have yet to find anything suitable.
This is where the specialty of EM needs to come together to
make a nationwide curriculum to teach our trainees what they
need to know.”

DISCUSSION

Our study of EM education leaders demonstrates
that a large number of residency programs do not have a
formalized radiology curriculum despite respondents feeling
that providers should be able to interpret many studies
independently. Most programs in this study rely first on
EM faculty followed by EM residents followed by other
specialties for their radiology instruction. Our study also
demonstrates that a variety of methods are being used to
provide this education, which is likely somewhat reflective of

Table 3. Perceived importance of emergency care providers’ ability to independently interpret different radiology studies.

Not at all Not so impor- Somewhat Extremely It depends on
important tant important Very important important the study
N (%) N (%) N (%) N (%) N (%) N (%) N*
Study type
Radiograph 0 (0%) 0 (0%) 7 (4.96%) 45 (31.91%) 89 (63.12%) 0 (0%) 141
CT 1(0.71%) 9 (6.38%) 46 (32.62%) 48 (34.04%) 20 (14.18%) 17 (12.06%) 141
MRI 24 (16.90%) 63 (44.37%) 42 (29.58%) 8 (5.63%) 1(0.7%) 4 (2.82%) 142

*Note: 1 respondent skipped questions specific to radiograph and CT.

CT, computed tomography; MRI, magnetic resonance imaging.
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Table 4. Percentage of agreement with the following statement: “Residents should be able to independently interpret the following

radiology study at graduation.”

Strongly disagree Disagree Neutral Agree Strongly agree
N (%) N (%) N (%) N (%) N (%) Total N*

Radiograph for line or tube placement 2 (1.41%) 0 (0.00%) 0 (0.00%) 5 (3.52%) 135 (95.07%) 142
(central line, ET tube, NG/G tube)

Chest radiograph 2 (1.42%) 0 (0.00%) 1(0.71%) 5 (3.55%) 133 (94.33%) 141
MSK radiograph (ie, shoulder, elbow, 2 (1.41%) 0 (0.00%) 3 (2.11%) 23 (16.20%) 114 (80.28) 142
wrist, hand, knee, ankle, foot, etc.)

Pelvis radiograph 2 (1.43%) 0 (0.00%) 6 (4.29%) 20 (14.29%) 112 (80.00%) 140
Soft tissue neck radiograph (ie, 2 (1.41%) 2 (1.41%) 16 (11.27%) 42 (29.58%) 80 (56.34%) 142
pediatric stridor)

CT brain (non-contrast) 1(0.70%) 5 (3.52%) 10 (7.04%) 54 (38.03%) 72 (50.70%) 142
Abdominal radiograph 2 (1.42%) 1(0.71%) 22 (15.60%) 47 (33.33%) 69 (48.94%) 141
CT cervical spine 2 (1.42%) 17 (12.06%) 43 (30.50%) 52 (36.88%) 27 (19.15%) 141
CT abdomen/pelvis 3(2.11%) 19 (13.38%) 42 (29.58%) 62 (43.66%) 16 (11.27%) 142
CT angiography chest (ie, PE) 5 (3.52%) 23 (16.20%) 48 (33.80%) 52 (36.62%) 14 (9.86%) 142
CT chest 7 (4.93%) 21 (14.79%) 56 (39.44%) 50 (35.21%) 8 (5.63%) 142
CT extremity 15 (10.56%) 45 (31.69%) 55(38.73%) 20 (14.08%) 7 (4.93%) 142
CT/CT angiography (ie, stroke protocol) 15 (10.56%) 45 (31.69%) 52 (36.62%) 27 (19.01%) 3 (2.11%) 142
MRI brain 40 (28.17%) 49(34.51%) 36 (25.35%) 16 (11.27%) 1(0.70%) 142
MRI spine 43 (30.28%) 50(35.21%) 33 (23.24%) 15 (10.56%) 1(0.70%) 142

*Note, some questions were skipped by respondents.
ET, endotracheal; NG, nasogastric tube; G, gastric; MSK, musculoskeletal; CT, computed tomography; MR/, magnetic resonance

imaging; PE, pulmonary embolism .

the available resources at various institutions. Despite calls
for formalizing a radiology curriculum in 2015, it appears
that many programs have yet to achieve this goal. Currently,
most programs deliver radiology curricula via didactics and

on-shift teaching. While prior literature has demonstrated
that confidence of radiology interpretation skills of recent

graduates can be improved by on shift teaching, this clinical
education may be of variable quality and quantity depending
on the individual training program.'! This is supported by
literature demonstrating that EM attendings’ confidence in
their own radiology interpretation skills is affected by the
type of program they trained at as well as whether they were
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required to independently interpret studies during residency.

Our study found that the vast majority of programs dedicate
less than four hours per month to radiology-related concepts,
and without a structured educational plan including specific
goals and objectives this training may be inadequate to prepare
residents for future job tasks. Our findings support the call from
Gunn et al for the creation of formalized curricula and tools to
assess competency in this area.!! Finally, while asynchronous
learning opportunities in radiology are available, our study
highlights that many programs are not capitalizing on this
additional teaching modality, despite some programs and prior
studies demonstrating success with use of this modality.!>!¢

Many institutions in our study rely on their own
interpretations, specifically for radiographs. This is in
accordance with prior literature that has demonstrated
attending radiology coverage is variable."!”'® Our results
suggest that it is more common for emergency physicians to
rely on their own interpretations of radiographs as compared
to CT images, which may highlight why respondents felt
that it was more important for graduating residents to be able
to independently interpret radiographs as compared to CT.
This emphasizes that radiograph interpretation should be a
focus in future EM radiology curricula. While radiograph
interpretation skills are essential, many respondents in our
study also pointed out the importance of the ability to assess
for critical, time-sensitive pathology on CT. For example,
rapid interpretation of CT head and reassurance that it is
negative for ICH is necessary for the decision to push tissue
plasminogen activator (tPA)in suspected stroke.!* While
hospitals may have a board-certified radiologist available for
the interpretation of CT, many institutions use tele-radiology
overnight and on weekends,"!” and not all institutions have
nighttime CT images read in time for patient care decisions.
It is, therefore, necessary that future EM radiology curricula
include education on how to assess for time-sensitive
emergent pathologies on CT.

More specifically, our results highlight that select imaging
studies are seen as important for graduating residents to be
able to independently interpret, which should further inform
curricular development. While it would be ideal to provide a
foundational understanding for all studies ordered in the ED,
our findings demonstrate future radiology curricula should
prioritize teaching interpretation of radiographs obtained for
lines/tubes, chest radiographss and radiographs obtained for
musculoskeletal related complaints, followed by specific CT
studies, primarily CT head. These specific studies are in line
with the time pressure of making a rapid decision affecting
patient care (ie, pushing tPA for possible stroke or adjusting an
endotracheal tube for a patient who was recently intubated, or
whether a central line is suitable for use]). This time pressure
coupled with the reality that ED providers are likely to be
making interpretations independently therefore reinforces that
these specific areas should be prioritized.

Further comparative studies are needed to understand

17

which methods or combination of methods are most effective
for delivering this core content. While many curricula have
focused on knowledge and skills with respect to interpretation,
it may also be important to include other facets related to
radiology, such as appropriateness of obtaining studies,
associated risks, and cost/benefit assessments.?*2!22 We are
hopeful that our results help inform the development of future
radiology curricula for EM residents.

LIMITATIONS

This was a survey study, and the results must be
considered within the limitations of this type of design.
Despite collecting data from a large number of programs
from diverse locations, institution types and program
formats, we were not able to obtain data from all programs,
which may limit the generalizability of our results. Another
limitation is that we purposefully did not ask respondents
about ultrasound, a commonly performed and ordered study
in the ED. Given emergency ultrasound is recognized by the
ACGME and the American Board of Emergency Medicine as
a core competency and is a required milestone for graduates,
many programs likely have dedicated curriculums to achieve
competency for point-of-care ultrasound (POCUS). Given
that other studies have characterized competency and needs in
ultrasound teaching, we chose not to include ultrasound as a
modality in our study to reduce confusion between radiology-
assisted (or “formal”) ultrasound and POCUS.?*

CONCLUSION

A minority of EM residency programs in our study
reported having formal training in radiology despite the
majority of program leadership believing that these are
important skills for residents to develop during training.
The most important curricular areas were predominantly
radiographs. These results should inform the development of
formal radiology curricula within emergency medicine.
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Introduction: There is increasing appreciation of the challenges of providing safe and appropriate
care to cancer patients in the emergency department (ED). Our goal here was to assess which
patient characteristics are associated with more frequent ED reuvisits.

Methods: This was a retrospective cohort study of all ED visits in California during the 2016
calendar year using data from the California Office of Statewide Health Planning and Development.
We defined revisits as a return visit to an ED within seven days of the index visit. For both index
and return visits, we assessed various patient characteristics, including age, cancer type, medical
comorbidities, and ED disposition.

Results: Among 12.9 million ED visits, we identified 73,465 adult cancer patients comprising
103,523 visits that met our inclusion criteria. Cancer patients had a 7-day revisit rate of 17.9% vs
13.2% for non-cancer patients. Cancer patients had a higher rate of admission upon 7-day revisit
(36.7% vs 15.6%). Patients with cancers of the small intestine, stomach, and pancreas had the
highest rate of 7-day revisits (22-24%). Cancer patients younger than 65 had a higher 7-day revisit
rate than the elderly (20.0% vs 16.2%).

Conclusion: In a review of all cancer-related ED visits in the state of California, we found a variety
of characteristics associated with a higher rate of 7-day ED revisits. Our goal in this study was to
inform future research to identify interventions on the index visit that may improve patient outcomes.
[West J Emerg Med. 2021;22(5)1117—-1123.]

INTRODUCTION experience prolonged ED stays, and be admitted.> However, there
Providing emergency care to cancer patients presents a is a dearth of information regarding the epidemiology of those
unique set of challenges for the healthcare system. In 2015 the cancer patients who visit the ED and which factors lead to ED

National Institutes of Health established a consortium to advance  revisits. The short-term revisit rate is an increasingly analyzed
knowledge in this area, with one specific, highlighted aim as the quality metric as it is associated with worse outcomes, including
collection of epidemiologic data.' According to the 2015 National =~ morbidity and mortality.*” Furthermore, these early revisits may

Hospital Ambulatory Medical Care Survey, cancer patients represent medical errors or failures in the healthcare delivery
accounted for 3.4% of emergency department (ED) visits across model and can help recognize targets for intervention.®

all age groups.? A recently published survey found that patients The ED operates as the primary healthcare access point
with cancer who present to the ED are more likely to be older, for many of these cancer patients, and it is vital to understand
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how and why these patients present to the ED. Identification
of the risk factors that lead to ED revisits can provide physi-
cians who care for these patients with knowledge that might
lead to improved patient outcomes. In this study our goal was
to investigate which characteristics specific to cancer patients
are associated with seven-day ED revisits, how this varies
based on cancer type, and how age may affect ED revisits
among the cancer population.

METHODS
Study Design

This multicenter, retrospective cohort study uses non-public
data from January 1-December 31, 2016 from the California
Office of Statewide Health Planning and Development (OSHPD).
All non-military, licensed hospitals in the state are subject to
mandatory reporting of utilization data in a standardized format
to the OSHPD. The database includes 321 of the 334 hospitals
(96.1%) in California with a licensed ED. We obtained approval
for this study from the University of California at San Francisco
institutional review board. This manuscript was developed and
written in accordance with STROBE criteria.’

Data Collection and Processing

We used data from two datasets for this study: the Patient
Discharge Dataset and the Emergency Department Dataset.
From the Patient Discharge Dataset we extracted data regarding
patients who were admitted through the ED and then we merged
that information with the Emergency Department Dataset to
construct a complete ED utilization database. Data included
the following: limited demographic characteristics; service
date; hospital length of stay for admitted patients; discharge
disposition; and primary diagnosis, plus up to 24 International
Classification of Disease 10th Revision Clinical Modification
(ICD-10-CM) diagnoses codes. Detailed information on these
data sources is available elsewhere.!” We excluded patients < 18
years of age, patients without a valid patient identifier, and visits
with a primary diagnosis of maternity.

We identified cancer patients with having at least one
cancer-related ED visit in the study period by the primary
or any secondary diagnosis using National Cancer Institute
recommendations included the following ICD-10-CM
codes: CO0x to C26x; C30x to C41x; C43x to C58x; C60x
to C96x; C7Ax to C7Bx; and D46x to D47x."” Comorbidity
was determined by using the primary and secondary ICD-
10-CM codes to calculate a modified version of the Charlson
Comorbidity Index (CMI) score,'' which were categorized as
0, 1, 2, and 3+. To compare CMI scores between cancer and
non-cancer patients we excluded the categories of “Cancer”
and “Metastatic Carcinoma.”

Primary Data Analysis

We report the number and proportion of non-cancer and
cancer patients who returned to the ED within seven days
as broken down by disposition, including admission to the

Population Health Research Capsule

What do we already know about this issue?
Cancer patients account for 3.4% of
emergency department (ED) visits. They are
more likely to be older, experience prolonged
ED stays, and more likely to be admitted.

What was the research question?
Which characteristics specific to cancer
patients are associated with 7-day ED revisits?

What was the major finding of the study?
Cancer patients younger than 65 and those
with gastrointestinal cancers had a higher
7-day ED revisit rate.

How does this improve population health?
Awareness of cancer-patient characteristics
associated with more frequent ED revisits may
help identify interventions on the index visit to
improve patient outcomes.

hospital, or discharge to home or a skilled nursing facility
(including rehabilitation facilities and intermediate care
facilities). The CMI scores for the overall population and
adjusted scored for the cancer cohort are reported for those
with a seven-day revisit. We calculated revisit rates for each
cancer type and used bivariate logistic regression to calculate
odds ratios (OR) for the increased likelihood of seven-day
return visit for each cancer type. We further compared non-
cancer and cancer patients by disposition from the ED after

a revisit within seven days by age (< 65 vs 65 and older).

All data analyses were completed at the visit level. We
conducted statistical analyses using the SPSS Statistics 25.0
software package (IBM Corporation, Armonk, NY). Given
the very large sample size and the associated power, we
omitted P-values in our study results given that essentially all
comparisons would appear significant.

RESULTS
ED Revisits

There were 12.9 million ED visits during the 2016
calendar year for initial ED visits and subsequent revisits.
A total of 73,465 adult cancer patients comprised 103,523
visits that met our inclusion criteria. Approximately 5% of
patients had invalid patient identifiers and were excluded
from this analysis. Among all adult cancer visits, 17.9%
resulted in a seven-day ED revisit (18,491 subsequent visits),
higher than the 13.2% revisit rate we found for non-cancer
visits. Table 1 shows the demographics of cancer patients
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Table 1. Demographics of patients on initial emergency department (ED visit vs seven-day ED revisits).

Initial ED Visit 7-Day ED Reuvisit
Non-Cancer Patient Cancer Patient Non-Cancer Patient Cancer Patient
Encounters Encounters Encounters Encounters
N % N % N % N %

Gender

Male 1,959,633 44 4 28,380 47.7 486,269 49.5 7,138 51.1

Female 2,452,122 55.6 31,106 52.3 496,935 50.5 6,839 48.9
Age

18-44 2,101,554 47.7 5,036 8.5 464,031 47.2 1,411 10.1

45 - 65 1,358,362 30.8 19,371 32.6 339,465 34.6 4,922 35.2

65 - 84 760,255 17.2 27,648 46.5 140,844 14.3 6,294 45.0

85+ 191,740 4.3 7,433 12.5 38,885 4.0 1,350 9.7
Race/Ethnicity

Hispanic 1,394,811 31.6 11,491 19.3 278,976 284 2,866 20.5

NH White 1,973,305 447 35,104 59.0 456,586 46.4 7,928 56.7

NH Black 462,675 10.5 5,402 9.1 160,926 16.4 1,456 10.4

NH Asian 319,354 7.2 5,072 8.5 41,287 4.2 1,185 8.5
Payor Status

Private 1,653,766 375 15,733 26.4 205,260 20.9 3,277 23.4

Medicare 1,025,847 23.3 34,423 57.9 254,138 25.8 7,706 55.1

Medi-Cal 1,367,867 31.0 8,245 13.9 448,134 45.6 2,744 19.6

Self-pay/ Indigent 364,431 8.3 1,087 1.8 75,693 7.7 250 1.8

ED, emergency department; NH, Non-Hispanic.

vs non-cancer patients who had a seven-day ED revisit. On
average, compared to non-cancer patients, cancer patients
who returned to the ED were more likely to be older, White,
and have insurance through Medicare. These demographic
differences were also generally reflected among patients who
did not have a seven-day revisit. When patients returned to the
ED, the primary discharge diagnosis changed approximately
75% of the time, with that rate of adjustment slightly higher
in cancer patients compared to their non-cancer cohort (82.2%
vs 74.6%). For revisits, a higher proportion of cancer patients
returned to the same ED than non-cancer patients (77.3%
vs 67.8%). The five most common ED diagnoses among
cancer patient revisits, in descending order, were sepsis
(5.7%); abdominal pain (4.9%); other pain (3.2%); chest pain
(2.3%); and nausea/vomiting (2.3%) (Supplemental Table 1).
Compared to their non-cancer cohort, cancer patients were
admitted much more often upon seven-day revisit (36.7% vs
15.6%) (Supplemental Table 2).

The most prominent comorbidities for cancer patients
at the revisit encounter included diabetes mellitus (23.9%);
chronic pulmonary disease (14.9%); and vasculopathy (15.5%)
among modified CMI categories (Supplemental Table 3). We
also analyzed whether patients with multiple comorbidities
accounted for more revisits (Table 2). Two-thirds of non-cancer

patients with a seven-day revisit had no medical comorbidities,
while this proportion decreased to one-half for cancer patients.
Even corrected for presence of cancer, the CMI scores were still
higher in the cancer population, emphasizing the fact that cancer
patients who returned to the ED potentially had multiple factors
contributing to an ED revisit compared to the non-cancer cohort.

Specific Cancer Types with Higher Revisit Rates
Cancers accounting for the most ED revisits included
lung cancer, breast cancer, prostate cancer, and non-Hodgkin’s

Table 2. Comorbidity index score category associated with seven-
day emergency department revisits.

Non-Cancer Patient

Cancer Patient

Encounters Encounters
CMI Score N % N %
0 668,472 68.0 9,302 50.3
183,437 18.7 4,195 22.7
2 58,268 5.9 2,059 1.1
3+ 73,048 7.4 2,935 15.9
Total 983,225 100.0 18,491 100.0

CMI, comorbidity index.
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Table 3. Seven-day revisit rate by cancer type.

Index Visits 7-Day Reuvisits 7-Day Revisit Rate Bivariate OR (95% CI)
Breast (Female) 10,933 1,514 13.8% 0.74 (0.70, 0.79)
Lung 9,418 1,805 19.2% 1.10 (1.04, 1.16)
Prostate 9,405 1,549 16.5% 0.82 (0.78, 0.87)
Myelodysplastic syndrome 6,879 1,042 15.1% 0.81 (0.76, 0.87)
Non-Hodgkin’s lymphoma 5,711 982 17.2% 0.95 (0.89, 1.02)
Colon 4,818 912 18.9% 1.08 (1.00, 1.16)
Multiple myeloma 4,409 697 15.8% 0.86 (0.79, 0.93)
Lymphoid leukemia 3,757 613 16.3% 0.89 (0.82, 0.98)
Liver 3,480 840 24.1% 1.49 (1.37, 1.61)
Pancreas 3,409 800 23.5% 1.43 (1.32, 1.55)
Ovarian 2,623 475 18.1% 1.09 (0.98, 1.20)
Bladder 2,558 473 18.5% 1.04 (0.94, 1.16)
Lip, oral cavity, and pharynx 2,113 463 21.9% 1.30 (1.17, 1.44)
Kidney 1,981 351 17.7% 0.99 (0.88, 1.11)
Brain 1,968 321 16.3% 0.89 (0.79, 1.01)
Uterine 1,948 351 18.0% 1.08 (0.96, 1.21)
Myeloid and monocytic leukemia 1,917 413 21.5% 1.27 (1.14,1.42)
Stomach 1,706 391 22.9% 1.38 (1.23, 1.54)
Esophagus 1,291 276 21.4% 1.25(1.10, 1.43)
Cervical 1,249 277 22.2% 1.40 (1.23, 1.61)
Melanoma 1,017 166 16.3% 0.90 (0.76, 1.06)
Thyroid 1,000 140 14.0% 0.75 (0.62, 0.89)
Hodgkin’s lymphoma 888 141 15.9% 0.87 (0.72, 1.04)
Bones and joints 600 108 18.0% 1.01 (0.82, 1.24)
Neuroendocrine tumors 434 79 18.2% 1.02 (0.80, 1.31)
Larynx 341 76 22.3% 1.32 (1.02,1.71)
Anus 277 68 24.5% 1.50 (1.14, 1.97)
Kaposi sarcoma 153 32 20.9% 1.22 (0.82, 1.80)
Small Intestine 152 37 24.3% 1.48 (1.02, 2.15)
Eye and orbit 91 19 20.9% 1.21(0.73, 2.01)

OR, odds-ratio; C/, confidence interval.

lymphoma, consistent with the high prevalence of these cancers
in the community (Table 3). Compared to the revisit rate for all
cancer patients, cancers of the gastrointestinal system had the
highest revisit rates, including cancers of the small intestine
(OR 1.48, confidence interval [CI], 1.02, 2.15); liver (OR
1.49, CI, 1.37, 1.61); and pancreas (OR 1.43, CI, 1.32, 1.55).
In contrast, the more common breast and prostate cancers had
significantly lower revisit rates (OR 0.72, CI, 0.68, 0.76 and
OR 0.90, CI, 0.85, 0.95, respectively). Cancers traditionally
considered to be higher risk, such as brain cancer, ovarian
cancer, and melanoma'? did not have significantly increased or
decreased rates of revisit relative to the overall revisit rate.

We also assessed outcomes for the subset of patients who
had secondary metastases (26,890 patients accounting for 44,075

visits). Among this group we observed a higher rate of seven-day
ED revisits (21.6% vs 17.9%), a higher rate of admission on the
second ED visit (41.4% vs 36.7%), and a higher mortality during
that admission (9.6% vs 8.4%), compared to cancer patients
without metastases. The top five primary cancers that had the
highest revisit rates when complicated by metastasis were as
follows: myeloid leukemia (47.8%); testicular cancer (35.1%);
Hodgkin’s lymphoma (32.8%); cervical cancer (29%); and
stomach cancer (28.8%) (Supplemental Table 4).

Variation in Qutcomes Between Younger and Older

Cancer Patients

Of the 103,523 visits that met our inclusion criteria,
56% (57,955) were by patients > 65 years of age. The
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seven-day revisit rate was lower for elderly cancer patients
at 16.2% vs 20.0% in those younger than 65. However,
during that seven-day ED revisit, elderly cancer patients
had a higher rate of admission diagnosis than younger
patients (6.8%) (Supplemental Table 6), while septicemia
was the most common ED diagnosis in the elderly (6.7%)
(Supplemental Table 7). The most common diagnosis
resulting in admission for both age groups was septicemia
(12.8% in younger patients and 16.4% in elderly patients)
(Supplemental Tables 8 and 9). Furthermore, elderly cancer
patients were more likely to expire during that admission
(8.8% vs 8.0%). When discharged from either the ED or af-
ter an admission, the elderly were placed in a skilled nurs-
ing facility or discharged with home health services more
often. Among cancer patients under 65, gastrointestinal
cancers still accounted for the highest revisit rates, though
were even higher at 25-28%. Among the elderly, cancers of
the gastrointestinal system also accounted for the greatest
rates of revisits (~17-20%). All cancers had higher revisit
rates in the young, except for hematologic malignancies,
which appeared to have equal rates in the elderly.

DISCUSSION

A recently published national survey identified factors
that lead to adult cancer patient ED visits and subsequent
hospital admission.!* Similar to that study, we found a much
higher rate of admission for cancer patients compared to non-
cancer patients. We also found sepsis/infection was the most
common reason for admission. However, in contrast to that
prior study, which focused only on index visits, we chose to
study which factors account for early ED revisits. We found
that cancer patients have a significantly higher rate of \seven-
day revisit compared to a non-cancer cohort and are twice
as likely to be admitted upon that revisit. Unsurprisingly,
the presence of metastatic disease was the most prominent
feature among ED revisits. Other medical comorbidities also
contributed significantly to the rates of ED revisits, including
chronic pulmonary disease, poorly controlled diabetes, and
renal disease. These data suggest that while the patient’s active
cancer may be the most prominent factor leading to their ED
visit, it is also important to address their additional medical
diseases, which no doubt contribute to the patient’s morbidity
and mortality.

Breast, prostate, and lung cancers, being the most
prevalent cancers in the population, also contributed to the
greatest number of ED revisits. However, it was certain
rarer cancers that had the highest percentage of revisits,
particularly cancers of the small intestine, stomach, and
pancreas. This likely reflects the increased morbidity and
mortality of these cancers, and the more vigorous medical
and surgical therapies they require, factors that providers
should keep in mind on the index visit. Hematologic
malignancies also contributed to high rates of revisits,
especially acute myeloid leukemia. Again, this may be due to

the aggressive nature of these cancers and their treatments,
or due to the immunosuppression that leaves these patients
particularly vulnerable to infection and other comorbidities.

It is estimated that by 2030, 70% of all cancers will
occur among patients aged > 65." Interestingly, it appears
that younger cancer patients bounced back more frequently
to the ED. Possible explanations include that ED providers
feel more confident sending young patients home, or
younger patients could have more aggressive cancers and
receive more intensive chemotherapy, phenomena that
are well characterized for breast and colorectal cancers.'>
7Although elderly patients tend to return to the ED less
often, those that do require a repeat visit appear to have a
higher admission rate and an increased mortality during
that admission. Sepsis was the most likely reason for
admission upon revisit for both the young and elderly
cohorts. Perhaps future studies can determine whether
obtaining an expanded infectious workup may be warranted
for these patients on index visits, particularly when they
present with vague, nonspecific symptoms.

We have identified several factors that are associated
with higher rates of ED revisits for cancer patients and, in
particular, we have highlighted factors that differentiate
elderly cancer patients from a younger cohort. Emergency
physicians, oncologists, primary care physicians, and all
providers involved in the care of these patients should
incorporate this knowledge into their disposition decisions
and pay careful attention to those characteristics that place
patients at the highest risk for repeat visit. For example,
oncologists or primary care physicians could consider
providing more detailed education regarding expected
symptoms or even consider alternative care models where
patients could bypass the ED. Emergency providers, for
example, could consider keeping patients with a higher
risk of deterioration for observation in the ED. The use of
ED observational units has been particularly effective at
avoiding unnecessary admissions in the treatment of chronic
heart failure and atrial fibrillation.'®° There is also an
increasing utilization of observational units in the emergency
care of geriatric patients, where a patient’s condition is
allowed to evolve over the course of several hours, at
which point a more informed decision can be made about
admitting the patient or discharging with close follow-up.?!
Alternatively, special efforts can be made to establish home
health services for these patients and to coordinate urgent
outpatient follow-up with their oncologists or primary care
providers. These strategies have been proven to decrease
ED revisits, particularly with geriatric care,”*?* while there
is growing data on the effectiveness of these programs for
cancer patients.”

LIMITATIONS
The data accessed from a statewide database (OSHPD)
had notable limitations including a small proportion of invalid
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patient identifiers (5%), the absence of federal healthcare
facilities, and a lack of potentially important patient and visit
characteristics including urgency, access to primary care, and
cost, which would have been helpful to this study. Neither
did we have access to visit-specific data, such as patient
vitals, laboratory or imaging results, or provider rationale

for admission vs discharge. And because these data were
limited to facilities within California our findings may not be
generalizable to other patient populations.

This study was also limited to data captured by ED
databases, thereby resulting in censoring whether patients
died at home prior to a seven-day revisit. This censoring may
have affected revisit rates among those with more aggressive/
advanced cancers and among the elderly. All revisit rates
were calculated at the level of visits, thereby accounting for
patients who had multiple ED visits during the study period.
This potentially raises the issue of data being skewed by a
small number of “super users” who have frequent revisits. We
looked at this briefly at the overall cancer population level
and found that of the 73,465 cancer patients who visited the
ED in 2016, 13,977 had at least one seven-day revisit, for a
revisit rate of 19.0%, which is slightly higher than (although
similar to) the overall revisit rate of 17.9%. While generally
reassuring, it is possible that there was skewing by frequent
users in our subgroup analyses, such as revisit rates for the
rarer gastrointestinal cancers.

CONCLUSION

We have conducted what is to our knowledge the first
comprehensive analysis assessing ED revisits for cancer
patients, and potential factors associated with revisits that
occurred within seven days of the index visit. We hope these
findings will serve as a steppingstone toward further studies
that will help identify how we can better care for this high-
risk population.
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Introduction: Emergency department (ED) revisits are traditionally used to measure potential lapses
in emergency care. However, recent studies on in-hospital outcomes following ED revisits have
begun to challenge this notion. We aimed to examine inpatient outcomes and resource use among
patients who were hospitalized following a return visit to the ED using a national database.

Methods: This was a retrospective cohort study using the National Health Insurance Research
Database in Taiwan. One-third of ED visits from 2012—-2013 were randomly selected and their
subsequent hospitalizations included. We analyzed the inpatient outcomes (mortality and intensive
care unit [ICU] admission) and resource use (length of stay [LOS] and costs). Comparisons were
made between patients who were hospitalized after a return visit to the ED and those who were
hospitalized during the index ED visit.

Results: Of the 3,019,416 index ED visits, 477,326 patients (16%) were directly admitted to

the hospital. Among the 2,504,972 patients who were discharged during the index ED visit,
229,059 (9.1%) returned to the ED within three days. Of them, 37,118 (16%) were hospitalized. In
multivariable analyses, the inpatient mortality rates and hospital LOS were similar between the two
groups. Compared with the direct-admission group, the return-admission group had a lower ICU
admission rate (adjusted odds ratio, 0.78; 95% confidence interval [Cl], 0.72-0.84), and lower costs
(adjusted difference, -5,198 New Taiwan dollars, 95% ClI, -6,224 to -4,172).

Conclusion: Patients who were hospitalized after a return visit to the ED had a lower ICU admission
rate and lower costs, compared to those who were directly admitted. Our findings suggest that ED
revisits do not necessarily translate to poor initial care and that subsequent inpatient outcomes
should also be considered for better assessment. [West J Emerg Med. 2021;22(5)1124-1130.]

INTRODUCTION Due to its clinical and economic ramifications, the rate of ED
Return emergency department (ED) visits pose a revisit has been used to measure potential lapses in initial
significant burden on both patients and healthcare providers, emergency care.’ Recent studies, however, have begun to

with approximately 5-10% of the patients returning to the ED  challenge this conventional wisdom. While the ED revisit
within three days.'* Return ED visits are not only burdensome  rate is easy to measure, many factors may come into play,

but costly, as one study found that the total cost of return ED including factors related to the patient, the illness, the system,
visits was even higher than the total cost of all initial visits.' and finally to the clinician.
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It is estimated that only 5-10% of return ED visits are
associated with potential deficiencies in care.”! More recent
studies have examined patient outcomes after return ED
visits as an alternative quality metric, such as hospitalization
rates after ED revisits'""!® or even inpatient outcomes during
the hospitalization after an ED revisit.!”!® Hospitalization
rates after an ED revisit may also be problematic because
ED admission rates per se are highly variable across EDs."
Moreover, if the subsequent hospitalization after an ED revisit
did not result in worse inpatient clinical outcomes due to a
delay in admission, the assumption of poor care at the initial
ED visit may be questionable.

Few studies to date (one of which focused on adults) have
investigated inpatient outcomes among patients hospitalized
during a return ED visit.!”'#2 The study with an adult cohort
used data from two large, US states and found that patients
who were admitted during an ED revisit had lower in-hospital
mortality and intensive care unit (ICU) admission rates,
compared with those who were admitted during the initial
ED visit.'” To date, no studies have used nationwide data to
address this issue. In the current study, we used nationwide
data from a universal healthcare system to examine this
topic. We investigated the patient characteristics, inpatient
clinical outcomes, and resource use among patients who were
admitted following a return visit to the ED, compared to those
who were directly admitted during the index ED visit. We
hypothesized that patients who were admitted after a revisit to
the ED would experience similar inpatient outcomes and use
similar inpatient resources.

METHODS
Study Design and Setting

We conducted a retrospective cohort study using data
from the National Health Insurance Research Database
(NHIRD) in Taiwan. The NHIRD contains all medical claims
records from all clinical care settings covered by the National
Health Insurance (NHI) program. The NHI is a mandatory,
single-payer, government-run health insurance program
that provides comprehensive health insurance to more than
99% of the 23 million Taiwanese residents.?! The NHIRD,
maintained by the Ministry of Health and Welfare, has
recorded comprehensive claims data in the NHI since 2000,
including patient demographics, diagnoses, examinations,
procedures, medications, and costs.”> The NHIRD is de-
identified but contains a unique, encrypted personal identifier
that allows researchers to link claims between outpatient, ED,
and inpatient databases. We received a waiver for this analysis
from our institutional review board.

Study Population

We retrieved data from the registry of beneficiaries for the
time period January 1, 2012—December 31, 2013. The sample
for the current analysis contained approximately one-third of
ED records, which were randomly extracted from the NHIRD

Population Health Research Capsule

What do we already know about this issue?
Emergency department (ED) revisits are used
to measure potential lapses in emergency care.
However, in-hospital outcomes are seldom
examined after an ED revisit.

What was the research question?

We aimed to examine inpatient outcomes and
resource use among patients hospitalized
following a return visit to the ED.

What was the major finding of the study?
Patients hospitalized after an ED revisit had a
lower ICU admission rate and incurred lower
costs, compared to those directly admitted after
the index ED visit.

How does this improve population health?

Revisits to the ED do not necessarily translate to
poor initial care. Subsequent inpatient outcomes
should also be considered for better assessment.

via simple random sampling during the study period, including
records of patients for their subsequent hospitalizations. This
was the maximum amount of the data that could be requested.
We excluded ED visits made by patients younger than 18
years, visits to urgent care clinics, ED transfers, or visits with
unclear or missing time information.

We defined an index ED visit as an ED visit without a
prior visit or hospitalization during the preceding three days. A
return visit was defined as an ED revisit within 72 hours after
discharge from the index ED. For multiple revisits within 72
hours, we selected only the first revisit. The unit of analysis
was the visit, and one patient could have had multiple index
visits during the study period. We chose to investigate early
rather than late revisits because early revisits/readmissions
have been shown to be more preventable and amenable to
hospital-based interventions.?> We divided the cohort into
two groups for comparison depending on the timing of
hospitalization: (1) direct admissions, ie, patients who were
admitted to the hospital during the index visit; and (2) return
admissions, ie, those who were discharged from the ED at the
index visit and were later hospitalized during the return visit
to the ED.

Variables

The NHIRD contains information on patient
demographics, visit date and time, triage level, diagnostic
codes (International Classification of Diseases, Ninth
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Revision, Clinical Modification [ICD-9-CM]), procedures,
medications, ED disposition, hospital length of stay (LOS),
and hospital disposition. We grouped the primary diagnosis
field of ED and inpatient discharges into clinically meaningful
categories using the ICD’s Clinical Classification Software.?*
Comorbidities were also derived based on the ICD-9 codes
using the Elixhauser Comorbidity index. This risk-adjustment
tool has been validated extensively.”

In Taiwan, hospitals are classified into three distinct
levels of accreditation according to the Joint Commission
of Taiwan, including academic medical centers, regional
hospitals, and community hospitals. The Taiwan Triage and
Acuity Scales system is a computerized, five-level system
with acuity levels 1 to 5 indicating resuscitation, emergent,
urgent, less urgent, and non-urgent, respectively.”® The
“untriaged” situation occurred in some of the psychiatric visits
to community hospitals. The time of ED visit was classified as
daytime (8 aM — 4 P™), evening (4 PM — midnight), and night-
time (12 AM - 8 AM).

Outcome Measures

The outcome measures were inpatient mortality, intensive
care unit (ICU) admission, LOS, and total inpatient costs
in NT$ (New Taiwan dollar). We also examined the most
common hospital discharge diagnoses among the two
admission groups.

Statistical Analysis

Summary statistics are presented as proportions (with
95% confidence intervals [CI]), means (with standard
deviations), or medians (with interquartile ranges). We
examined bivariate associations using Student’s t-test,
Mann-Whitney tests, and chi-square tests, as appropriate.
The inpatient outcomes (mortality and ICU admission) and
resource use (LOS and cost) were analyzed by comparing
the direct-admission group with the return-admission group.
We used multivariable logistic and linear regression models
to adjust for differences in patient mix. Although LOS and
cost data were skewed, we did not transform the data because
parametric methods are robust to non-normality with large
samples.?” Instead, the associated multivariable linear-
regression models were bootstrapped 1000 times to obtain the
bias-corrected ClIs.?® Potential confounding factors included
age, gender, and Elixhauser comorbidities. All odds ratios
(OR) and beta-coefficients are presented with 95% Cls. We
performed all analyses using Stata 16.0 software (StataCorp,
College Station, TX). All P values are two-sided, with P <0.05
considered statistically significant.

RESULTS

After applying the exclusion criteria, there were
3,019,416 index ED visits during the two-year study period
(Figure 1). Of them, 477,326 patients (16%) were admitted to
the hospital following the index ED visit. Among the 2,504,972

4,097,449
Total ED visits

1,078,033 Excluded

824,256 Age <18y
19,784 Urgent care clinics
78,520 Transfer in or out
155,473 Unclear/missing time variable
3,019,416
Index ED visits
2,542,090
Discharged
229,059
Revisits
477,326 37,118
DirectAdmissions | | ReturnAdmissions |

Figure. Flow diagram of the patient selection process.
ED, emergency department; y, years old; ED, emergency
department.

ED discharges, 229,059 returned to the ED within three days.
Of them, 37,118 (16%) were admitted to the hospital.

Table 1 shows the characteristics of the two
hospitalization groups stratified by ED revisit status.
Compared with the direct-admission group, patients in the
return-admission group were slightly younger, predominantly
male, and more likely to be triaged at a lower level (ie, less
urgent). When revisiting the ED, the patients in the return-
admission group were more likely to “move up” to regional
hospitals or academic medical centers and were slightly
more likely to show up at night, compared with the direct-
admission group. In terms of revisit characteristics, most
revisits occurred on day 1 after discharge, with a median time
to revisit of 23 hours. Within the return-admission group, the
triage levels went up upon revisit, compared with those at
the index visits. However, the triage levels upon revisit in the
return-admission group still appeared to be lower than those
in the direct-admission group. Concerning comorbidities,
in general, the return-admission group had fewer comorbid
conditions, such as diabetes, hypertension, and congestive
heart failure, compared with the direct-admission group. Of
note, slightly more alcohol abuse and depression were present
in the return-admission group.

Table 2 lists the hospital discharge diagnosis by ED visit
status. The most common discharge diagnoses were quite
similar between the two groups. Table 3 shows the study
outcomes by ED revisit status. Compared with the direct-
admission group, the return-admission group had lower
inpatient mortality, a lower ICU admission rate, a shorter
LOS, and incurred lower costs. Table 4 shows the study
outcomes by ED visit status, after adjusting for age, gender,
and 29 comorbidities. The differences in inpatient mortality
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Table 1. Characteristics of hospitalizations stratified by revisit status.

Direct admission

Return admission

Variable (n=477,326) (n=37,118) P-value
Age, mean (SD), yr 64.1 (19.2) 60.5 (19.8) <0.0001
Age group, n (%) <0.0001

18-64
65+
Female gender, n (%)
Triage level at the index visit, n (%)
Level 1
Level 2
Level 3
Level 4
Level 5
Untriaged (some psychiatric visits)
Level of hospital accreditation, n (%)
Academic medical center
Regional hospital
Community hospital
Weekend or holiday, n (%)
Time of ED visit, n (%)
Daytime (8 am — 4 pm)
Evening (4 pm — 12 am)
Night-time (12 am — 8 am)
Day of revisit, n (%)
Day 1
Day 2
Day 3
Time to ED revisit, median (IQR), hours
Reuvisit triage level, n (%)
Level 1
Level 2
Level 3
Level 4
Level 5
Untriaged (some psychiatric visits)
Two or more comorbidities, n (%)
Selected comorbidity, n (%)
Congestive heart failure
Hypertension
Chronic pulmonary disease
Diabetes, uncomplicated
Diabetes, complicated
Liver disease
Metastatic cancer
Solid tumor without metastasis

220,490 (46.2)
256,836 (53.8)
214,858 (45.0)

27,579 (6.3)
90,108 (20.5)
258,554 (58.8)
44,608 (10.1)
2,869 (0.6)
16,154 (3.7)

146,959 (30.8)
250,217 (52.4)
80,150 (16.8)

142,882 (29.9)

215,492 (45.2)
184,756 (38.7)
77,078 (16.1)

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
191,821 (40.2)

33,599 (7.0)
96,283 (20.2)
50,369 (10.5)
94,169 (19.7)
19,235 (4.0)
26,181 (5.5
25,224 (5.3)

61,675 (12.9)

9)

19,904 (53.6)

17,214 (46.4)

16,451 (44.3) 0.0098
<0.0001

774 (2.2)

5,202 (14.3)

23,813 (65.5)

4,847 (13.3)

264 (0.7)

1,452 (4.0)
<0.0001

11,606 (31.3)

20,846 (56.2)

4,666 (12.5)

11,004 (29.7) 0.2434
0.0195

16,713 (45.0)

14,211 (38.3)

6,194 (16.7)

19,499 (52.5)

11,205 (30.2)

6,414 (17.3)

23 (12-43)

1,618 (4.9)

6,269 (18.8)

21,680 (64.9)

3,013 (9.0)

129 (0.4)

686 (2.0)

13,732 (37.0) <0.001

2,192 (5.9) <0.0001

7,240 (19.5) 0.0021

3,873 (10.4) 0.4757

7,036 (19.0) 0.0003

1,398 (3.8) 0.0127

2,272 (6.1) <0.0001

1,732 (4.7) <0.0001

4,045 (10.9) <0.0001

IQR, interquartile range; ED, emergency department; SD, standard deviation.
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Table 1. Continued.
Direct admission Return admission
Variable (n=477,326) (n=37,118) P-value
Fluid and electrolyte disorders 41,834 (8.8) 3,268 (8.8) 0.7924
Alcohol abuse 3,817 (0.8) 403 (1.1) <0.0001
Depression 2,255 (0.5) 219 (0.6) 0.0016

and length of hospital stay became statistically non-significant
between the two groups, while the return-admission group
still had a lower ICU admission rate (adjusted OR, 0.78; 95%
Cl, 0.72-0.84), and incurred lower costs (adjusted difference,
-5,198 NTS$, 95% CI, -6,224 to -4,172).

DISCUSSION

In this national ED and inpatient sample of 3,019,416
visits in Taiwan, we found that patients who were hospitalized
after a return visit to the ED had a lower ICU admission rate
and incurred lower costs, compared to those who were directly
admitted during the index ED visit. Our data suggest that ED
return admission does not necessarily reflect deficiencies in
the initial ED care. Instead, because some clinical outcomes
were better in the return-admission group than those in
the direct-admission group, the clinicians at the initial ED
encounter may have done what they were supposed to do,
striking a balance between admitting sicker patients and safely
discharging less-sick patients.

Our findings are consistent with previous studies that
reported a less-ill revisit cohort compared with those without
a prior ED visit.!”?’ Both studies indicated that patients
who returned to the ED were more likely to be uninsured,
had fewer comorbidities, lower triage acuity, and similar
or lower hospital admission rates.!”* Our study extends
these findings to a non-US population with universal health
insurance coverage, suggesting these findings were not
likely to be explained by lack of insurance alone. Given
universal coverage, patients may choose to return to the

Table 2. Most common hospitalization diagnoses by revisit status.
Direct admission

Return admission

(n=477,326) (n=37,118)
Discharge diagnosis n (%) n (%)

Pneumonia 43,782 (9.2) 2,984 (8.0)
Urinary tract infection 31,149 (6.5) 2,672 (7.2)
Sepsis 23,184 (4.9) 1,903 (5.1)
Acute cerebrovascular 19,588 (4.1) 1,406 (3.8)
disease
Gastrointestinal 13,763 (2.9)
hemorrhage
Biliary tract disease 1,363 (3.7)

ED for a quick assessment instead of scheduled outpatient
follow-up. Of note, it is estimated that one-third of the
revisits occurred at a different ED."* Our study included
both same- and different-hospital revisits in the entire nation,
which may increase the likelihood of capturing more revisits
and frequent ED users who may prefer the ED as a site of
care.>**! Despite the suggestion that some revisit patients
appeared less ill, they might still prefer hospitalization as
demonstrated by the similar hospitalization rates between the
two groups. Again, this may reflect a shared decision-making
process between patients and providers, which adds to the
variation of revisit admission rates, undermining its validity
as a quality metric."

As EDs worldwide are seeing more and sicker patients,
emergency physicians must make an appropriate decision to
admit patients who are most likely to benefit from inpatient
resources. After prioritizing patients, some will be sent home
with certain risks of treatment failure, for example, prescribing
antibiotics for pneumonia with outpatient follow-up. As
shown in our data, although revisit patients had a higher acuity
level compared with their prior visits,*? the revisit acuity was
still lower than those who were admitted in the first place,

Table 3. Study outcomes by revisit status (unadjusted).

Variable Direct admission Return P value
(n=477,326) admission
(n=37,118)
In-hospital 20,003 (4.2) 1,447 (3.9) 0.0067
mortality, n (%)
ICU admission, 13,056 (2.7) 793 (2.1) <0.0001
n (%)
Length of
hospital stay,
days
Mean (SD) 9.4 (8.2) 9.1 (8.0) <0.0001
Median 7 (4-11) 7 (4-11) <0.0001
(IQR)
Total cost, NT$
Mean (SD) 55,758 (99,425) 47,954 (89,644) <0.0001
Median 26,770 22,013 <0.0001
(IQR) (14,272-56,786) (11,468-46,875)

IQR, interquartile range; SD, standard deviation; /ICU, intensive
care unit, NT$, New Taiwan dollar.
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Table 4. Study outcomes by revisit status, adjusted.

Outcome measures,

point estimate (95% CI)* Direct admission  Return admission

In-hospital mortality, OR Reference 1.06 (0.99-1.12)
ICU admission, OR Reference 0.78 (0.72-0.84)
Length of hospital Reference 0.03

stay, days (-0.05t0 0.12)
Total cost, NT$ Reference -5,198

(-6,224 to -4,172)

*Adjusted for age, gender, and 29 Elixhauser comorbidities.
ClI, confidence interval; OR, odds ratio; /ICU, intensive care unit;
NT$, New Taiwan dollar.

suggesting a small and reasonable fraction of outpatient
treatment failure. Furthermore, the lower ICU admission rates
among the revisits did not suggest a harmful effect resulting
from the decision to discharge at the index ED visits.
Consistent with a previous US study,!” we also found
lower rates of ICU admission and costs among patients
who returned to the ED, compared to those without a prior
visit. Some of the mortality and LOS benefit among the
revisit population was explained away by adjusting for age
and comorbidities. Nonetheless, considering the additional
evidence from ED revisits studies of inpatient outcomes, the
ED revisit rate should not be used as a marker for ED quality.’
At a minimum, the subsequent inpatient outcome should be
examined before adjudicating the initial ED quality of care.
The slightly better inpatient outcomes among the revisit
population also coincided with the finding of declined post-
ED mortality among Medicare beneficiaries in the US who
had visited an ED from 2009 to 2016.3* Taken together, these
findings suggest that overall the post-ED outcomes of patients
vising the ED have improved and that the rate of revisit as
a quality metric must be evaluated from a patient outcome
perspective.

LIMITATIONS

This study has some potential limitations. First, we
included only a limited number of patient outcomes in our
analysis. There were additional clinical outcomes worth
investigating that require more granular data, such as patient
safety events and patient-reported outcomes. Second, we
could not ascertain deaths after ED discharge. However,
given the small number of post-ED deaths (0.12%) estimated
from a prior study,* the results should not have materially
changed. Third, the data were somewhat aged and contained
approximately one-third of the ED visits instead of the entire
ED visit universe. However, this was the maximum amount
of data that could be requested. As there have been no major
policy changes regarding ED revisit in the past few years in
Taiwan, the age of the data should have little, if any, influence
on our results. Fourth, because we included only adult ED
visits our results may not be generalizable to children. Fifth,

caution should be exercised when applying the results to other
healthcare settings. Finally, while we have adjusted for age,
gender, and comorbidities when assessing inpatient outcomes,
potential unmeasured confounders may still exist.

CONCLUSION

In this national ED and inpatient database, patients
who were hospitalized after a return visit to the ED within
three days did not experience worse outcomes or use more
resources than those who were directly admitted during the
index ED visit. Our findings suggest that ED revisits per
se do not necessarily translate to poor initial ED care and
that inpatient outcomes should also be considered for better
assessment. Further studies are needed to devise a feasible,
sensitive, and specific quality-measure or screening algorithm
(eg, return ICU admissions or return in-hospital mortality) for
quality issues surrounding ED revisit.
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Introduction: Despite widespread implementation of the Early Warning Score (EWS) in hospitals,
its effect on patient outcomes remains mostly unknown. We aimed to evaluate associations
between the initial EWS and in-hospital mortality, intensive care unit (ICU) admission, and hospital
length of stay (LOS).

Methods: We performed a retrospective cohort study of adult patients admitted to a general hospital
ward between July 1, 2014—December 31, 2017. Data were obtained from electronic health records
(EHR). The primary outcome was in-hospital mortality. Secondary outcomes were ICU admission
and hospital LOS. We categorized patients into three risk groups (low, medium or high risk of clinical
deterioration) based on EWS. Descriptive analyses were used.

Results: After applying inclusion and exclusion criteria, we included 53,180 patients for analysis. We
found that the initial (low- vs high-risk) EWS was associated with an increased in-hospital mortality
(1.5% vs 25.3%, P <0.001), an increased ICU admission rate (3.1% vs 17.6%, P <0.001), and an
extended hospital LOS (4.0 days vs 8.0 days, P <0.001).

Conclusion: Our findings suggest that an initial high-risk EWS in patients admitted to a general
hospital ward was associated with an increased risk of in-hospital mortality, ICU admission, and
prolonged hospital LOS. Close monitoring and precise documentation of the EWS in the EHR
may facilitate predicting poor outcomes in individual hospitalized patients and help to identify
patients for whom timely and adequate management may improve outcomes. [West J Emerg Med.
2021;22(5)1131-1138.]

INTRODUCTION may contribute to “preventable” adverse events.>>’
Early identification and management of critically ill adult ~ To systematically monitor vital signs and recognize

patients admitted to general hospital wards may prevent in-

nursing staff.>* However, poor monitoring, misinterpretation
of vital signs, and inadequate management by the clinical staff

deteriorating patients in a timely fashion, Early Warning Score

hospital mortality and unplanned intensive care unit (ICU) (EWS) systems have been developed. These systems are
admission and decrease hospital length of stay (LOS).! established to detect alarm signals (eg, hypoxia, hypotension,
Several hours before ICU admission or cardiopulmonary tachycardia, tachypnea, and changes in mental function) and
arrest, changes in vital signs can be detected by medical and thereby predict and prevent adverse events. The EWS is a

simple-to-use bedside tool that helps to identify the critically
ill patient at risk of acute clinical deterioration.*® These track-
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and-trigger systems use an algorithm that allocates points
based on abnormal physiological variables.

When the cumulative EWS reaches certain thresholds,
it triggers a specific response, eg, more frequent monitoring,
notification of the ward doctor, and/or a consult by a rapid
response team (RRT).!? The purpose of an RRT is to provide
early and adequate management of clinically deteriorating
patients in general hospital wards.” Despite the widespread
implementation of RRT and EWS systems, the available
evidence of the effect of these interventions is limited and
of poor quality.>*!' The Committee of Practice Guidelines
Development of the Dutch Society of Intensive Care Medicine
(Nederlandse Vereniging voor Intensive Care, NVIC)
concludes that early intervention by an RRT may prevent
unplanned ICU admissions. The conmittee recommends
distributing a table with early warning criteria in the hospital
for early identification of the deteriorating patient, and early
consultation by the RRT."? Gelderse Vallei Hospital introduced
a RRT in 2008. The RRT is comprised of medical and nursing
staff from the ICU."

Our hospital has implemented an EWS to timely detect
the clinically deteriorating patient and hence improve
patient prognosis. However, evidence for the effect of these
interventions on patient outcomes is limited, and its exact
effect remains mostly unknown. Therefore, this study aims
to evaluate the effect of an EWS on patient outcomes by
addressing the associations between the initial EWS and in-
hospital mortality, ICU admission, and hospital LOS.

METHODS

This study was a retrospective, observational, single-
center cohort study of medical and surgical patients admitted
to a general hospital ward between July 1, 2014—-December
31, 2017. We included all adult patients (> 18 years old)
admitted to a general hospital ward with one or more recorded
EWS. Exclusion criteria were as follows: EWS with more than
three missing variables; patients discharged within 72 hours
after being admitted to the emergency department or day
treatment; and patients with elective ICU admission. Elective
ICU admissions were considered unrelated to the EWS
recorded on a general ward because of their routine nature
and the decision to admit to the ICU for other reasons such as
surgical procedures (ie, comparable to the post-anesthesia care
unit). Therefore, elective ICU admissions were considered
outside the scope of this study. The institutional review
board of the Gelderse Vallei Hospital approved the study and
waived informed consent for the retrospective design and
anonymization of patient identifiers before analysis.

Early Warning Score

The EWS is comprised of seven standard variables and
two additional variables (Figure 1). The seven standard
variables are supplemental oxygen, oxygen saturation,
respiratory rate, heart rate, systolic blood pressure, level of

Population Health Research Capsule

What do we already know about this issue?
Despite widespread implementation

of Early Warning Scores (EWS) and
hospital rapid response teams, evidence
of the effect on patient outcomes is
limited.

What was the research question?
Is the initial, general ward EWS
associated with ICU admission, hospital
length of stay, and in-hospital mortality?

What was the major finding of the study?
An initial high EWS was associated with
ICU admission, prolonged hospital stay,

and high in-hospital mortality.

How does this improve population
health?

Early EWS monitoring in general wards
may facilitate predicting poor outcomes
and identifying patients for whom timely
management may improve outcomes.

consciousness, and temperature. For each of these variables,
0-3 points are allocated based on their value. Extra points

are allocated for two additional variables, lactate levels and
urine output: high lactate (lactate > 2 millimoles per liter
(mmol/L), 2 extra points; lactate > 3 mmol/L, 3 extra points;
lactate > 4 mmol/L, 4 extra points); and reduced urine output
(urine output < 15 milliliters in the last hour, 2 extra points).
The sum of these points is automatically generated by the
electronic health record (EHR), resulting in the cumulative
EWS. When the EWS reaches certain thresholds, it triggers
subsequent actions executed by nursing and medical staff (eg,
more frequent monitoring or a consult by the RRT).

In the EWS system implemented by Gelderse Vallei
Hospital, these thresholds are set at low risk (EWS 0-5),
medium risk (EWS 6-8), and high risk (EWS > 9) of
clinical deterioration. Per common practice, nurses check
the vital signs of patients at the general hospital wards
routinely once every eight hours. In cases where the EWS
remains 0-2, this frequency could be reduced to once every
12-24 hours after consulting the ward physician.'> A mildly
elevated low risk (EWS 3-5) or feelings of concern (ie, a
sense of alarm) perceived by the nurses requires the nursing
staff to check the vital signs once every four hours and to
consult the ward physician.
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2 TR I 3
A Supplemental oxygen yes no
Oxyaen saturation (%) <01 9293 | 9495 | =96
B Respiratory rate (breaths/min) | <8 9-11 12-20 2124 | 225
C Heart rate (beats/min) =40 41-50 | 51-100 | 101-110 | 111-130 | =131
Systolic blood pressure (mm Ha) [ <90 | 91-100 | 101-110 | 111-219 2220
D Level of consciousness A delirium | VIPU
E  Temperature (°C) <35 35.1-36 | 36.1-39 [ 38.1-39 | =391
Lactate 22=2points =3=3points =4 =4points + consult RRT
Urine output <15 mL in the last hour = 2 points

Figure 1. The seven standard variables plus two additional variables

and point allocation for each variable.

A, alert; V, response to voice; P, response to pain; U, unresponsive; RRT, rapid response team; mL, milliliter.

A medium-risk EWS (EWS 6-8) requires the nursing staff
to check the vital signs at least once every one to two hours,
to perform an arterial blood gas analysis (including lactate),
and to consult the ward physician. In case of a medium-risk
EWS the ward physician needs to assess the patient within
30 minutes of consultation. A high-risk EWS (EWS >9)
requires blood gas analysis (including lactate) and immediate
consultation of the ward physician. In case of a high-risk EWS
the ward physician must assess the patient within 15 minutes
of consultation and call the RRT.

Outcomes

We categorized the initial EWS scores into low-risk
(EWS 0-5), medium-risk (EWS 6-8), and high-risk (EWS
> 9) groups, and non-categorized (EWS 0-20). The primary
outcome was in-hospital mortality. Secondary outcomes
were unplanned ICU admission and hospital LOS. We
subcategorized the outcome measure “unplanned ICU
admission” into code status upon admission to a general ward.
This subanalysis was performed because a negative ICU
code status (not to be admitted to the ICU) could be a strong
confounder in case of a high-risk EWS, causing a spurious
association between the high-risk EWS and unplanned ICU
admission. We performed a second subanalysis on all patients
with a high-risk EWS who were not admitted to the ICU,
despite a positive ICU code status (to be admitted to the ICU).

Data Collection

We performed data extraction using SAS Enterprise Guide
queries (SAS Institute, Inc., Cary, NC). All data were obtained
from the EHR. Registered nurses monitored and documented
the EWS in the EHR. The first 50 serial recorded EWS in the
first two weeks of admission were included in this database
for analysis. Baseline characteristics included gender, age,
admission type (medical or surgical), code status, and RRT
consultation. The code status upon admission was registered.
We categorized code status into full code (cardiopulmonary
resuscitation and intubation if required, ie, positive ICU code

status); Do Not Resuscitate [DNR], ie, positive ICU code
status); or Do Not Resuscitate/Do Not Intubate (DNR/DNI, ie,
negative ICU code status).

The initial EWS was defined as the first EWS recorded
for each patient upon admission to a general ward. We
extracted the date of death from our electronic patient
management system, which is connected to the municipal
registration system. The patient was presumed alive if no date
of death was registered. In-hospital mortality was defined
as death during hospital admission. Elective ICU admission
was defined as routine ICU admission, eg, after major
surgery, while unplanned ICU admission was defined as an
unanticipated transfer to the ICU during hospital admission.'
In the event of an ICU admission, RRT consultation was
assumed according to standard practice in our hospital, and
missing data of the RRT consultation were interpreted as
incomplete registration. Days were defined as calendar days.
We assessed the quality of the EWS database. Missing data
were defined as empty cells or non-numerical data. We defined
false entries as extreme values that were found to be highly
implausible or outright impossible. Values with one or more
decimal places for oxygen saturation, respiratory rate, heart
rate, systolic blood pressure, and consciousness level were
considered false entries.

Data and Statistical Analysis

We report descriptive data as frequencies and percentages
or ranges (minimum-maximum), means and standard
deviation for data with a normal distribution or median,
and first and third quartile [Q1-Q3] for data with a skewed
distribution. The Kolmogorov-Smirnov test was used to
test for normality. We assessed differences in baseline
characteristics and outcomes with a chi-square test or a
Fisher’s exact test, and a one-way analysis of variance
(ANOVA) where appropriate. If ANOVA showed a significant
difference, we applied a Tukey post-hoc test to detect
differences between risk categories. A P-value of less than
0.05 was considered statistically significant. All statistical
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analyses were performed using IBM SPSS Statistics for
Windows, version 24.0 (IBM Corporation, Armonk, NY).

RESULTS
Baseline Characteristics of the Study Population

During the study period, 75,209 adult patients were
admitted to a general hospital ward. We excluded 22,029
patient admissions (29.3%) because no EWS was recorded or
more than three of the seven standard variables were missing
(Figure 2). In total, 53,180 admissions were included for
further analysis.

The baseline characteristics of the study population
are shown in Table 1. The final study population consisted
of 53,180 patient admissions, including 33,628 individual
patients with a total of 457,184 recorded EWS. Patients
were categorized into three EWS risk groups: low, medium,
or high risk of clinical deterioration. The median age was
68 years (range, 18-105), and 28,233 patients (53.1%) were
female. Of all patient admissions 19,343 (36.4%) underwent
a surgical procedure, and 33,837 (63.6%) were non-surgical
admissions. The code status upon admission was full code
in 39,369 (74.0%); DNR in 5331 (10.0%); and DNR/DNI in
8480 patient admissions (15.9%). In 1081 patient admissions
(2.0%), the code status changed at least once during
hospitalization. We documented RRT consultation in 1400
(2.6%) of all admissions. Significant differences between the
three risk groups were observed in all variables.

Table 1. Baseline characteristics of the study population.

Primary Outcome

The overall in-hospitality mortality was 2.3% (n = 1205),
and 51,975 patients (97.7%) were discharged alive. A total
of 758 (1.5%), 269 (10.5%), and 178 (25.3%) died during
hospital admission in the low- (EWS 0-5), medium- (EWS
6-8) and high-risk (EWS > 9) groups, respectively (Table 2).
There was a statistically significant difference between the

75,209 admissions to a general hospital ward
during study period

22,029 admissions excluded:
- no recorded EWS

- more than three out of seven

variables missing

53,180 admissions included in analysis

Figure 2. Flowchart of the study population.

Total EWS Risk Categories ? P-value ®
Low Medium High

EWS 0-5 6-8 29
Total admissions, N (%) 53,180 (100) 49,916 (93.9) 2561 (4.8) 703 (1.3)
Individual patients, N (%) 33,628 (63.2) 32,448 (96.5) 939 (2.8) 241 (0.7)
Total recorded EWS, N (%) 457,184 (100) 415,489 (90.9) 31,678 (6.9) 10,017 (2.2)
Females, N (%) 28,233 (53.1) 26,550 (53.2) 1358 (53.0) 325 (46.2) 0.001
Age (year), median [min-max] 68 [18-105] 68 [18-103] 74 [18-105] 76 [18-98] <0.001
Admission type, N (%) <0.001

Medical 33,837 (63.6) 30,906 (61.9) 2270 (88.6) 661 (94.0)

Surgical 19,343 (36.4) 19,010 (38.1) 291 (11.4) 42 (6.0)
Code status, N (%)

Full code 39,369 (74.0) 37,940 (76.0) 1204 (47.0) 225 (32.0)

DNR 5331 (10.0) 4839 (9.7) 380 (14.8) 112 (15.9)

DNR/DNI 8480 (15.9) 7137 (14.3) 977 (38.1) 366 (52.1)

Changed code status 1081 (2.0) 882 (1.8) 153 (6.0) 46 (6.5) <0.001
RRT consultation, N (%) 1400 (2.6) 999 (2.0) 264 (10.3) 137 (19.5) <0.001

2 Based on the initial EWS on a general hospital ward.

b Calculated by Pearson’s chi square or Fisher’s exact test, and a one-way ANOVA where appropriate.
N, number of patients; EWS, Early Warning Score; min, minimum; max, maximum; DNR/ DNI, Do Not Resuscitate/Do Not Intubate;

RRT, rapid response team.
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three risk groups (P <0.001). Figure 3 shows the association elevated initial EWS was associated with an increased ICU
between the initial EWS on a general hospital ward admission rate (3.1% vs 17.6%, P <0.001) and an extended
(categorized into risk groups and non-categorized) and the in-  hospital LOS (4.0 days vs 8.0 days, P <0.001). The difference
hospital mortality compared to patients who were discharged in hospital LOS between de medium-risk and high-risk group

alive. In general, for each point increase in the EWS the in- was not significant (P = 0.103). The outcome measure “ICU
hospital mortality increased as well. LOS” for each risk group was not significant (P = 0.114).
Figure 4A shows the total frequency of ICU admissions
Secondary Outcomes for each risk group. Figure 4B/C shows the total frequency
Secondary outcomes for the three risk categories based on  of ICU admissions for each risk group, subcategorized into
the initial EWS on a general ward are shown in Table 2. An code status. In the high-risk group 579 admissions (83.4%)

Table 2. Outcomes for the Early Warning Score (EWS) risk categories based on the initial EWS.

Totall EWS Risk Categories ? P-value ®
Low Medium High

EWS 0-5 6-8 29

Primary outcome
In-hospital mortality, N (%) 1205 (2.3) 758 (1.5) 269 (10.5) 178 (25.3) <0.001
Discharged alive, N (%) 51,975 (97.7) 49,158 (98.5) 2292 (89.5) 525 (74.7)

Secondary outcomes
ICU admission, N (%) 1930 (3.6) 1930 (3.6) 1568 (3.1) 238 (9.3) <0.001
21 ICU re-admission, N (%) 76 (0.1) 76 (0.1) 60 (0.1) 10 (0.4) <0.001
ICU LOS (days), median [Q1-Q3] 2.6 [1.1-5.7] 2.6 [1.1-5.7] 2.5[1.0-5.4] 29[1.1-7.2] 0.114
Hospital LOS (days), median [Q1-Q3] 4.0[3.0-7.0] 4.0[3.0-7.0] 4.0[3.0-7.0] 7.0 [5.0-11.0] <0.001

@ Based on the initial EWS on a general hospital ward.
b Calculated by Pearson’s chi square or Fisher’s exact test and a one-way ANOVA where appropriate.

N, number of patients; EWS, Early Warning Score; ICU, intensive care unit; LOS, length of stay; Q7-Q3, first and third quartile.

In-hospital

mortality
Esumivors
WYon-survivors

Percent
Percent

01 23 45 6 7 8 91011 1213 14 15 16 17
Initial EW'S on a general ward

&8 =9

Figure 3. Association between the initial Early Warning Score (EWS) on a general hospital ward and in-hospital mortality rates. Non-
survivors died during hospital admission. Survivors were discharged alive. Bars represent mortality or survival rates. Numbers represent
the actual number of cases in the specific EWS category depicted. A) EWS categorized in low- (EWS 0-5), medium- (EWS 6-8) and

high-risk (= 9) groups. B) EWS non-categorized.
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were not admitted to the ICU (Figure 4B), and 124 admissions
(17.6%) were admitted to the ICU (Figure 4C). In the high-
risk group 147 patients (25.4%) with a full code were not
admitted to the ICU (Figure 4B).

In 3159 admissions (5.9% of all admissions), a high-risk
EWS was recorded at least once during admission. In this
high-risk EWS group, 1696 patients (53.7%) were admitted
to a general ward with a positive ICU code status (full code
or DNR) (Figure 5). In this high-risk group with positive
ICU code status, 524 admissions (30.9%) were admitted to

68 29
Initial EW'S on a general ward

Figure 4. Association between the initial Early Warning Score (EWS
The initial EWS recorded on admission is categorized in low-, mediu

the ICU. Of these patients, 105 (20%) died during hospital
admission. In the same high-risk group with positive ICU
code status, the remaining 1172 patients (69.1%) were

not admitted to the ICU. Of these patients, 137 (11.7%)

died during hospital admission. Of these 137 patients, 133
patients (97.1%) had their code status changed to a negative
ICU code status. The remaining four admissions (2.9%)
were patients with at least one high-risk EWS and a positive
ICU code status, who were not admitted to the ICU and died
during hospital admission.

ICu Code status
admussion '] EFull code
ENo EDNR
W ves 807 EDXNRDNI
607
2z
o
401
" .7 g
g g B o
= g 0
o o
A A 100 a
s
=
20
601
=
2
404
20
A o C

Initial EW'S on a general ward

) on a general ward and admission to the intensive care unit (ICU).
m- and high-risk EWS. A) The percentage and total frequency of

ICU admissions categorized into each risk group. Patients admitted to the ICU are depicted in blue, and patients not admitted to the
ICU are depicted in green. B) The percentage and frequency of patients not admitted to the ICU categorized into each risk group and
subcategorized into code status upon admission to a general ward. C) The percentage and frequency of patients admitted to the ICU
categorized into each risk group and subcategorized into code status upon admission to a general ward.

3159 (5.9%) admissions with EWS > 9
|

I |
1463 (46.3%) admissions with 1696 (53.7%0) admissions with

negative ICU code status positive ICU code status
| |
524(30.9%) were admitted to ICU 1172(69.1%) were notadmitted to ICU
105(20.0%0) in-hospital mortality 137(11.7%)in-hospital mortality
| l ]
133(97.1%) admissions: 4(2.9%) potentially 'preventable’
- changed code status to negative ICU code status deaths?
- died despite timely consultation of RRT

Figure 5. Flowchart of patients with high-risk Early Warning Score (EWS).
The “preventable” adverse events group was characterized by patients with a high-risk EWS and a positive ICU code status (to be

admitted to the ICU), who were not admitted to the ICU and died duri

ing hospital admission.
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DISCUSSION

We found that the initial EWS on a general hospital
ward was associated with an increased in-hospital mortality.
This result suggests that an elevated initial EWS may help
to predict poor outcomes in patients admitted to a general
ward. Our study’s major strength is its large study population
comprehending 53,180 adult patients admitted to a general
hospital ward. Our results correspond with previous studies.®!%!7
Lee et al demonstrated that the National Early Warning Score
(NEWS) effectively predicts in-hospital mortality in patients
admitted to a general ward. They reported that 18.6% patients
with a medium-risk NEWS and 32.6% patients with a high-
risk NEWS died during hospital admission.® This result was in
agreement with our findings of 10.5% and 25.3%, respectively.

In contrast to our study, Spagnolli et al solely included
patients admitted to the emergency department. They reported
an incidence of 15.6% medium-risk (NEWS 5-6) and 17.5%
high-risk (NEWS > 7) patients compared to our 4.8% and 1.3%,
respectively. Despite their higher incidence of medium- and
high-risk categories, the in-hospital mortality was 8.2% for
medium-risk and 19.2% for high-risk groups compared to our
10.5% and 25.3%, respectively.'” This difference may be due
to using different EWS systems, different thresholds for risk
categories, and a non-similar study population. Comparing the
results of studies investigating EWS is difficult because the
methodological quality of available studies is diverse.>’

The results of studies that have included solely patients
admitted to a general ward seem to be more in line with our
study.'® Van Galen et al considered a Modified Early Warning
Score (MEWS) of more than three as a critical score,'” which
is comparable to our medium-risk EWS. They reported that
7.0% of patients with a critical score and 1.3% of patients
with a low-risk MEWS were admitted to the ICU.! Their
results are in line with our 9.3% and 3.1% ICU admission
rates, respectively.

As an elevated initial EWS can help to predict in-hospital
mortality, unnecessary deaths could be prevented.?**! In our
study, these potentially preventable deaths (n =4, 2.9% of
patients with EWS > 9, and <0.01% of the total study population)
were identified as patients with at least one high-risk EWS and a
positive ICU code status (to be admitted to the ICU), who were
not admitted to the ICU and died during hospital admission
(Figure 5). Remarkably, other factors were involved in the
decision-making process to not admit the patient (with a positive
ICU code status and a high-risk EWS) to the ICU. In this group
not admitted to the ICU, in-hospital mortality rates were lower
than in the group that was admitted to the ICU. This difference
in mortality rates could suggest that some patients with high-risk
EWS were not admitted to the ICU as they seemed to respond
to treatment, although they had a single, high EWS before the
intervention. This hypothesis needs to be addressed in further
analysis. Although our study showed that EWS could help predict
poor outcomes, any EWS should always be interpreted with
caution and never can replace clinical judgment.??

LIMITATIONS

A limitation of our study design was its retrospective,
single-center nature, which may have allowed bias by
indication and residual confounding. Furthermore, MEWS
documentation tends to be more complete in patients with
a total MEWS of three or more (corresponding with our
medium-risk EWS).% By excluding admissions without
at least one recorded EWS or with three or more missing
variables (in total 29.3% of all admissions), we potentially
introduced selection bias. The variables that were missing
most frequently in our database were level of consciousness,
systolic blood pressure, and use of supplemental oxygen.
It could well be that nurses did not appreciate the level of
consciousness or the use of supplemental oxygen, because
the patient was alert and responsive and did not require
supplemental oxygen. In that case, these variables would not
have contributed to their total EWS.

CONCLUSION

Our findings suggest that an initial high-risk Early
Warning Score in patients admitted to a general hospital ward
is associated with an increased risk of in-hospital mortality,
ICU admission, and prolonged hospital length of stay.
Therefore, an initial high-risk EWS should raise immediate
awareness of the medical and nursing staff. Moreover,
close monitoring and precise documentation of the EWS in
the electronic health record may facilitate predicting poor
outcomes in patients and help to identify patients for whom
timely and adequate management may improve outcomes.
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history of substance use was also elevated.

Introduction: Toxicologic exposures (TE) are a major preventable public health issue, with most cases
due to unintentional causes. Although these cases are well documented and reported via the National
Poison Data System, there is little information regarding toxicologic exposure cases in the emergency
department (ED). The aim of this study was to identify demographic groups at risk for potential poisoning.

Methods: This was a cross-sectional study. We used data from the California State Emergency
Department Database (SEDD) 2011 for statistical analysis.

Results: The study included 10,124,598 ED visits in California in 2011. The prevalence of TE was
383.4 (379.6-387.3) per 100,000 visits. Toxicologic exposures were most common among patients aged
<10 years (555.4, 95% confidence interval [Cl]: 544.5-566.5 per 100,000 visits). Overall, TE was more
common among males. White patients showed the highest prevalence of TE compared to other racial
groups (P <0.001). Subpopulation analysis showed Native American female patients ages 10-19 had a
noticeably higher prevalence of TE (1,464.4, 95% CI: 802.9-2444.9 per 100,000). The prevalence of TE
was higher in households of higher median income (P <0.001). Prevalence of TE among those with a

Conclusion: Toxicologic exposure cases in the ED are elevated in particular age and race/ethnicity
groups, as well as among those with a diagnosis of substance use disorder. The strength of association
between these factors and TE in the general population may be different because we examined ED
visits only. Further preventive and education strategies are necessary and should target the demographic
groups identified in this epidemiological study. [West J Emerg Med. 2021;22(5):1139-1145.]

INTRODUCTION

Toxicologic exposures (TE) are a major preventable
public health issue. Studies have shown that most exposure
cases seen in the emergency department (ED) and reported
to poison centers (PC) are unintentional.'> Vast efforts have
been made in recent years to increase PC utilization as a
method of reducing ED visits and decreasing unnecessary

healthcare costs for low-risk exposures.® The use of a PC
instead of the ED has averted an estimated $16.6-$24.4
million in unnecessary healthcare costs annually in the state
of Utah alone.” While the use of PCs has successfully reduced
the number of poisoning cases that enter healthcare facilities,
there has recently been a gradual increase in the rate of health
center use in certain demographic groups.®
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Although much is known about exposure cases reported to
PCs via the National Poison Data System (NPDS) published
by the American Association of Poison Control Centers, there
is little information regarding exposure cases from EDs.!
Many ED poisoning studies in the current literature have
been conducted within isolated demographic groups, thus
limiting their generalizability to the overall population.>*® To
develop and implement preventative strategies to decrease
the rate of fatal and nonfatal TE, it is essential to identify
demographic groups at higher risk. In addition, from a health
policy perspective, full information on the characteristics of
patients who visit the ED for TE can assist with understanding
differences in population help-seeking between PCs and the
more costly EDs.

In this study we sought to identify people at possible risk
of TE, based on discharge information from California EDs
in 2011.

METHODS

The Agency for Healthcare Research and Quality
produces the Statewide Emergency Department Database
(SEDD). The Health Care Utilization Project makes
available to researchers (for purchase) all visit-level data
from hospitals that have an ED. Cross-validation with
hospital identifiers from the American Hospital Association
survey supports over 99% hospital coverage by SEDD in
participating states. The SEDD contains encounter-level
information on all hospital-affiliated ED visits that resulted
in discharge. We obtained the most recent year of data at the
time of the study with complete race/ethnicity information
for the most populous state available in SEDD. Using these
two criteria, we acquired California 2011 SEDD data.

We included visits identified by at least one of the
following International Classification of Diseases, 9"
Revision (ICD-9) codes as a TE case: E85*, and E86*.
The visit was classified as substance abuse related if at
least one of the following ICD-9 codes were associated
with the visit: 304.0%, 304.2*, 304.3*, 304.4%*, 304.7%*,
305.2%, 305.5%, 305.6%, 305.7*, 965.0*, 969.7*%,970,970.1,
970.8*,970.9, E850.0, E850.1, E850.2, E854.2, E854.3,
E935.0, E935.1, E935.2, E939.7, E940.0, E940.1, E940.8,
E940.9. We calculated the prevalence of TE in discharged
ED visits per patients’ gender, race, number of chronic
conditions, number of visits per year, and the median
household income state quartile for patient ZIP code
(MHISQ), as reported in the SEDD.

The MHISQ is a categorical variable that provides a
quartile classification of the estimated median household
income for each state. The cut-offs for the quartile
designation are determined using ZIP code-demographic
data obtained from Claritas. The assignment of MHISQ for
a particular discharge is based on the median income of the
patient’s ZIP code.'® We further categorized patients into
10-year age groups starting from 0-9 up to >60. Prevalence

Population Health Research Capsule

What do we already know about this issue?
Studies have suggested that there may be
racial, gender, socioeconomic, and cultural
disparities that impact poison control
usage, resulting in avoidable emergency
department (ED) visits

What was the research question?

Using ED discharge data, the study aims
to identify demographic groups at risk of
toxicologic exposures.

What is the major finding?

Prevalence of exposure cases in the ED are
elevated in children less than 10 years old,
Caucasians, and substance users.

How does this improve population health?
The identification of groups at risk of
toxicologic exposure can guide poison
control outreach and prevention education
efforts in the public health sector.

proportions are reported as cases per 100,000 patients
presenting to EDs including 95% confidence intervals (CI).

We used SPSS Statistics 25 (IBM Corporation, Armonk,
NY) for data analysis.

RESULTS

The study included 10,124,598 ED visits in California
in 2011. The prevalence of TE was 383.4 (379.6-387.3) per
100,000 visits. Table 1 shows the prevalence of TE in different
patient groups.

A. Groups with highest TE prevalence
A.1. Age and Gender

We found that TE was most common among patients up to
age 10 (555.4, 95% CI: 544.5-566.5 per 100,000). Prevalence
of TE decreased to 330.5 (325.7-335.3) per 100,000 in patients
aged 30 or more. Overall, TE was more common among
males. Prevalence of TE in males 20-39 years of age was
434.4 (422.7-446.3) per 100,000 in comparison with 241.3
(234.5 — 248.2) per 100,000 females of the same age group (P
<0.001) (Figure 1).

A.2. Age and Gender and Race
Overall, White patients experienced the highest
prevalence of TE compared to other racial groups (P <0.001).
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Table 1. Total number and prevalence of toxicological exposure (TE) cases per 100,000 emergency department (ED) visits.
Prevalence (per 100,000)
95% Confidence Interval

Groups Patients in Outpatient ED TE cases Point estimate Lower limit Upper limit
Age group
0-9 1,768,544 9,823 555.4 544.5 566.5
10-19 1,127,002 4,523 401.3 389.7 413.2
20-29 1,667,254 6,026 361.4 352.4 370.7
30-39 1,320,133 4,044 306.3 297.0 315.9
40-49 1,307,667 4,507 344.7 334.7 354.9
50-59 1,152,790 4,365 378.7 367.5 390.0
=60 1,722,942 5,272 306.0 297.8 314.4
Gender
Male 4,527,776 19,005 419.7 413.8 425.7
Female 5,461,450 19,301 353.4 348.4 358.4
Race
White 4,164,268 19,976 479.7 473.1 486.4
Black 1,098,837 3,366 306.3 296.1 316.8
Hispanic 3,540,937 10,834 306.0 300.2 311.8
Asian/Pacific Islander 455,081 1,439 316.2 300.1 333.0
Native American 18,588 76 408.9 322.3 511.5
Other 324,032 1,205 371.9 351.2 393.4
Number of chronic conditions
0 5,872,776 21,118 359.6 354.8 364.5
1 2,088,472 8,462 405.2 396.6 413.9
2+ 2,163,350 9,256 427.9 419.2 436.6
Number of visits per year
1 3,373,234 12,641 374.7 368.3 381.3
2 1,655,424 5,724 345.8 336.9 354.8
3 876,909 2,965 338.1 326.1 350.5
4+ 1,874,603 6,407 341.8 333.5 350.2

Median household income state
quartile for patient ZIP Code

1 3,126,047 10,867 347.6 341.1 354.2
2 2,708,825 10,150 374.7 367.5 382.1
3 2,308,298 9,060 392.5 384.5 400.7
4 1,713,820 7,612 4442 434.3 454.2

Native American female patients ages 10-19 showed a higher ~ 312.1 (300.5-324.1) per 100,000 in those with no chronic
prevalence of TE (1,464.4, 95% CI: 802.9, 2,444.9 per conditions, to 616.6 (582.7-651.9) per 100,000 in those with
100,000) relative to all other racial groups and were the only one, and 977.5 (900.1-1,059.6) per 100,000 in those with
subpopulation with a prevalence above 1,000 per 100,000 ED  twio or more chronic conditions. Likewise, the prevalence in

visits (Figure 2). patients aged 20-29 increased from 268.0 (258.6-277.7) per
100,000 in those with no chronic conditions to 503.6 (481.1-
A.3. Age, Gender and Chronic Conditions 526.9) per 100,000 in those with one chronic condition and

The prevalence of TE was elevated in people with chronic ~ 671.1 (632.7-711.1) per 100,000 in patients with two or more
conditions. In patients aged 10-19, prevalence increased from  chronic conditions.
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Figure 1. Prevalence by age group and gender of toxicologic
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A.4. Age and Gender and Median Household Income State
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Prevalence of TE increased by increasing the MHISQ (P
<0.001). In patients aged up to 39 years, the prevalence of TE
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Figure 3. Prevalence of toxicologic exposure cases presenting
to emergency departments in different age groups and median
household income state quartiles per patient Zip code.
ED, emergency department; MHISQ, median household income
state quartile.

to 540.0 (524.7-555.6) per 100,000 in the fourth MHISQ.
Overall, the prevalence was similar in all MHISQ levels of
patients above age 40 (Figure 3).

B. Substance use

The prevalence of TE among non-substance abusers
was 324.2 (320.7-327.7) per 100,000 ED visits. On the
other hand, prevalence of TE among substance abusers was
4,622.9 (4,513.5-4,734.3) per 100,000 ED visits ([odds ratio
(OR)]:14.90, 95% CI: 14.50-15.31).

DISCUSSION

Toxicologic exposures remain an important public health
issue in terms of lives lost and healthcare costs incurred.’
The use of PCs has successfully reduced the number of
poisoning cases that enter healthcare facilities and has helped
decrease healthcare costs.® However, the use of PCs still
underused, with one study reporting that 46.6% of pediatric
patients who presented to the ED would have been redirected
to an outpatient site had they initially called a PC."
Furthermore, studies have suggested that there may be racial,
gender, socioeconomic, and cultural disparities that impact
PC usage.'? Considering the elevated healthcare costs of TE
cases that present to the ED, the identification of high-risk
groups in the ED is crucial for targeted exposure-prevention
education. Analysis of all California ED visits for TE in
2011 that led to discharges—over 38,000 visits—highlighted
several groups that are at a higher risk. These groups should

rose from 358.4 (350.0-366.9) per 100, 000 in the first MHISQ  Dbe targeted for preventive measures in the public health
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sector. In addition, research that compares frequency of calls
to PCs and visits to the ED among these subgroups may
assist with targeted efforts to promote PC utilization when
TE occurs.

Consistent with other studies,''*!* children ages
0-9 are at the highest risk for TE compared to other age
groups. Numerous studies have attempted to understand
and investigate the cause of this epidemiological finding.
However, there is disagreement in the literature regarding
the most common substance unintentionally ingested in
children. Several studies reported that younger children
ages 0-3 are more likely to be poisoned by household and
non-medicinal substances.>!>!¢ In contrast, another study
reported that the rate of unintentional poisoning in children
from medication was twice that of non-pharmaceutical
consumer products.* These differences can likely be
attributed to significant variations in geographic location
as well as socioeconomic and cultural factors.'*!6-!¢
Previous studies also suggest that children exhibit age-
related patterns with regard to the type of substance seen
in TE.!>!%20 Furthermore, depending on their level of
physical and cognitive development, young children differ
widely in the severity of exposures.?! For children who are
more physically capable of exploring their environment,
it is the responsibility of the caregiver to provide greater
supervision and better storage practices. Safe storage
practices such as using child-resistant pill organizers and
storing substances out of reach, as well as using dispensing
systems, are vital in the prevention of childhood TE.!#2

A concerning finding in our results is the elevated
prevalence of TE in Native American females between the
ages of 10-19. Due to the limitations of our study, we could
not provide a clear explanation for this finding. Future studies
should analyze specific causes of TE within this subgroup.

Our results show a direct association between chronic
conditions and TE in nearly all age groups. Medication errors
leading to potential poisoning events are more likely to occur
with chronic conditions.” Studies have shown that medication
errors often occur in infants/children and the elderly (>65
years old).? The most common error reported is taking more
than one dose at a time.** Improving health literacy and
numeracy skills among caretakers and patients is necessary to
prevent future TE cases. Health providers should implement
targeted exposure-prevention educational measures for
patients with chronic diseases and their caretakers.

Our results suggest that a higher household income was
associated with higher prevalence of TE in patients younger
than 40 years old who presented to and were discharged from
the ED. These results are inconsistent with numerous studies
that have shown that TE in children occurred more frequently
in lower socioeconomic groups.>*!3* However, studies
have suggested that higher socioeconomic status (SES) is
associated with “party” drug abuse, such as y-hydroxybutyrate
(GHB), while injectable drugs are associated with lower

SES.!7% Further research can be done to analyze different
potential poisoning exposures and SES.

Substance use disorder is a major health problem with
significant social, mental and medical consequences. In
2011, an estimated 2.5 million ED visits resulted from
medical emergencies involving drug misuse or abuse.?
With the recent opioid epidemic, there has been a 183%
increase in opioid overdoses that present to the ED from
2004 to 2011.% Unsurprisingly, our results show that
a history of substance use is associated with TE in ED
patients. Drug poisoning as a result of substance use often
leads to serious, sometimes fatal, health consequences.
Primary and secondary prevention of substance use is
already a public health priority. Prevention and treatment
for substance use disorder should be used to decrease
occurrence of TE. Moreover, such preventive measures
could significantly decrease mortality due to TE, as
substance use is a well-known risk factor for morbidity,
disability, and premature mortality.>

LIMITATIONS

Our study has several limitations. First, the use of
administrative data includes the potential for errors in
recording diagnoses. Although such errors are possible, the
SEDD has been widely used in numerous studies.” Second,
our estimates are limited to TE cases that present to the ED
and led to discharges. Our data likely underestimate all cases
related to TE, among them patients who may have called a PC
or who presented to physician offices and were subsequently
hospitalized. Further research should focus on the analysis
of demographic groups at risk for more severe TE cases
that resulted in hospital admission. Third, our data does not
provide outcome information and is limited in its clinical
utility but may be useful in primary prevention of TE.

We studied factors associated with ED presentation due to
TE that resulted in discharge. The population observed in the
ED does not necessarily reflect the general population, as the
prevalence of medical conditions and the age of people who
presented to an ED is greater than in the general population.
Therefore, the associations we reported relate to help-seeking
in the ED and may likely differ from prevalence in PCs and
the “true” prevalence of TE as measured according to the
entire state population.

CONCLUSION

Our study identifies demographic groups at high risk of
toxicologic exposure using ED discharge data. It would not
be possible in a cross-sectional study to establish a causality
link between patients’ characteristics and the incidence of
TE. However, this does not affect the application of our
findings in specifying the populations at highest priority
for preventive measures. Our findings suggest increased
prevalence of TE in patients who are less than 10 years
old, male, and Caucasian. Our study also shows higher
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Introduction: The recent legalization of cannabis in California has the potential to affect cannabis
prevalence in households with children. This eventuality, combined with suboptimal cannabis storage
practices, could lead to adverse effects such as unintentional pediatric ingestion, which occurred

in Colorado after legalization. Our objective was to assess prevalence and storage practices of
cannabis in households with children, and attitudes on use and storage education in a state that has
legalized cannabis.

Methods: We administered electronic surveys to 401 adults in a pediatric emergency department in
Callifornia. Participants were excluded if they were not English- or Spanish-speaking or did not live in

a household with children <18 years old. They answered questions regarding cannabis use, storage,
and attitudes on cannabis storage education. We used convenience sampling and analyzed data using
descriptive statistics.

Results: Research assistants approached 558 participants of whom 401 completed the survey. Three
participants did not respond regarding past or current cannabis use, and 14.5% (58/401) reported
cannabis use in their home in the prior six months. Both users and non-users rated safe storage of high
importance in homes with children. Only 44.8% of home users (26/58) reported that their cannabis was
both locked and hidden. Among home users, the most common source of storage advice was friends and
family (21/58, 36.2%), and 45% of home users (26/58) received no storage information whatsoever. Most
cannabis users (53/67, 79.1%) and non-users (241/330, 73%) reported that they would feel comfortable
receiving cannabis education from their primary care provider.

Conclusion: Cannabis is used and stored in homes with children; however, safe storage is not clearly
defined in California, and storage education is lacking. Healthcare providers in primary care and the
emergency department may play an important role in educating the public about cannabis use and safe
storage. [West J Emerg Med. 2021;22(5)1146—1149.]

INTRODUCTION
Legalization of cannabis use is increasingly widespread

across the United States, but the ramifications are unknown. self-reported cases of poor product storage.' Colorado

In 2016 California approved Proposition 64 legalizing
recreational cannabis. Unintentional pediatric ingestion is
one possible ramification, as occurred in Colorado after
legalization in 2009. Regional poison center cases involving
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marijuana increased by an average 34% per year from 2009
to 2015 in Colorado. During that time, 34% of cases involved

instituted safe storage guidelines to mitigate adverse effects
in children from acute cannabis intoxication.? Children who
unintentionally ingest cannabis can present with lethargy,
ataxia, tachycardia, mydriasis, and hypotonia, which can lead



Gimelli et al.

A Survey on Cannabis in Homes with Children

to preventable emergency department (ED) visits, invasive
workups, and hospital admissions.>*

Despite the institution of safe storage guidelines in
Colorado, a recent study found continuing suboptimal storage
practices in that state.’ This trend was mirrored in the use of
medical marijuana, as oncology patients and their caregivers
reported suboptimal storage practices and had received little
storage education from healthcare providers.® The 2016
California legislation did not include regulations on the
safe storage and disposal of cannabis products, creating a
potential for similarly unsafe storage practices. The purpose
of this study, which was based on a community presenting to
a pediatric ED, was to assess the prevalence of cannabis and
how it is stored in the home and, secondly, to assess attitudes
regarding use of cannabis and storage education among
Californians who live in households with children.

METHODS

We conducted a cross-sectional survey with a goal
enrollment of 400 adult visitors in an academic pediatric ED
in California from June 8—August 16, 2018. During this time,
a convenience sample between the hours of 8 Am -10 pm was
conducted daily in which all adult visitors were screened
for eligibility and subsequently approached. The survey was
generated and finalized by the investigators and research

Table 1. Participant demographics and history of cannabis use.

assistants (RA) based on similar studies found during literature
review. The survey contained 42 yes-no or Likert-scale questions
regarding cannabis use and storage, and education on cannabis
storage. Eligible participants were >18 years old and lived in

a household with children <18 years old. Participants were
excluded if they did not speak English or Spanish, or if the
patient was critically ill. Only one survey was administered per
household. All participants were notified that their responses were
not shared with law enforcement or their care team, and they
completed the survey in the absence of a RA.

English-speaking participants filled out the survey
electronically and submitted their responses directly into
Research Electronic Data Capture (REDCap Consortium,
Vanderbilt University, Nashville, TN). Spanish-speaking
participants filled out a Spanish-language survey on paper,
which was subsequently placed in a lockbox after which these
de-identified surveys were uploaded to REDCap weekly. We
used descriptive statistics to analyze data. Subjects who were
screened but excluded were not tracked during this study. The
UC Davis Institutional Review Board approved this study.

RESULTS

Research assistants approached 558 visitors who met
inclusion criteria, and 401 (71.9%) consented to participate
(Table 1). Seventeen percent of participants (67/401) reported

n= % of Subgroup Mean Age SD Mean # Children SD
Total participants 401 100% 35.3 9.9 2.4 1.4
Male 109 27.2% 37.2 11.0 2.3 1.7
Female 283 70.1% 34.8 9.2 2.2 1.2
Other gender 7 1.7% 34.8 10.7 26 1.4
Undisclosed gender 2* 0.2% 21* 0* 2* 0*
Tried at least once 197 49.1% 34.7 9.9 2.2 1.3
Males 54 49.5% 35.9 10.8 21 1.4
Females 137 48.4% 34.3 9.4 23 1.2
Other 5 71.4% 33.6 11.5 26 1.4
Undisclosed gender* 1 50% 21 0 2 0
Use in last 6 months 67 16.7 32.3 10.4 21 1.3
Males 23 211 33.3 12.2 1.7 1.4
Females 42 14.8 321 9.4 23 1.3
Other 1 14.3 28 0 5 0
Undisclosed gender* 1 50% 21 0 2 0
Use in home w/ child 58 14.5 32.9 10.3 21 1.3
Males 17 15.6 314 8.8 1.6 1.3
Females 40 14.1 33.9 10.7 23 1.3
Other 0
Undisclosed gender* 1 50% 21 0 2 0

*Two participants did not disclose gender. One did not disclose any demographic information.

SD, standard deviation.
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cannabis use in the last six months, and 14.5% (58/401)
reported cannabis use in their home. The 82.3% (330/401) of
respondents who denied use of cannabis within the last six
months are referred to as non-users for the purposes of data
analysis. Four respondents did not disclose their cannabis use
within the last six months. Inhaled marijuana (46/57, 81%)
and edibles (22/57, 39%) were reportedly the most common
forms of cannabis used in the home (Table 2).

On a scale of 1=Extremely unsafe to 10=Extremely safe,
cannabis users had a mean safety score regarding use of cannabis
around children at 6.72/10, whereas non-users felt cannabis use
to be less safe around children with a mean score of 3.28/10.
Over half of home users (32/58, 55.2%) reported keeping their
cannabis in a locked container, and only 44.8% of home users
(26/58) reported keeping their cannabis both locked and hidden.

Among home users, the most common source of storage
advice was friends and family (21/58, 36.2%), and 52% of
these individuals (11/21) cited this as their lone source. Only

16% of home users (9/58) received safe storage information
from a dispensary, and 45% of home users (26/58) received no
storage information whatsoever or claimed they did not know
of sources of storage information because the cannabis did not
belong to them. Only 7% of home users received education
on use and storage from their primary care provider (PCP)
(4/58). Most of both cannabis users (53/67, 79.1%) and non-
users (241/330, 73%) were comfortable receiving education
about cannabis from their PCP. Most cannabis users (42/67,
62.7%) and non-users (221/330, 67%) felt that PCPs should
screen and educate their patients on cannabis use/safe storage.
Similarly, both cannabis users (38/67, 56.7%) and non-users
(188/330, 57%) felt that dispensaries should educate the
public on cannabis use/safe storage.

DISCUSSION
A 2017 national survey indicated that as many as 11.5%
of California adults reported regular cannabis use. Of adults

Table 2. Cannabis users’ products, storage practices, and sources of storage education.

n=58 %
Cannabis product used in homes
Edible cannabis products 22 37.9
Smoked marijuana 46 79.3
Hashish 4 6.9
Hashish oil 10 17.2
Wax 18 31
Other 4 6.9
Cannabis storage
Locked 32 55.2
Hidden 42 724
Locked and hidden 26 44.8
Plain sight 4 6.9
Medicine cabinet 6 10.3
Within reach of children <12 6.9
Out of reach of children <12 23 40
Common areas 2 3.4
| don’t know where the cannabis is kept 8.6
Other locations 6 10.3
Sources of storage information among cannabis owners*
“I don’t know. It isn’t mine.” 17 29.3
Primary care provider (pediatrician, your primary doctor) 6.9
Guidelines 7 295
Cannabis dispensary 9 155
Friends/family 21 36.2
Online advice 10.3
Other unspecified 2 4.9
None 15.5
Western Journal of Emergency Medicine 1148 Volume 22, No. 5: September 2021
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surveyed, 14.5% reported cannabis use in a home with
children. Since the legalization of cannabis in California,
there has been a steady rise in prevalence of use,’ likely
due to increased availability. In our sample, users perceived
cannabis to be significantly safer for both adult use and
possession inside a home with children, as compared with
non-users. Further study is warranted to investigate how the
public perceives the risk of cannabis as more time passes
since legalization.

Currently, little research exists on cannabis storage in
homes with children, and there is no research that describes
sources of storage information. Both users and non-users
strongly felt that safe storage was important despite poor
compliance with safe storage practices. Our results suggest
a lack of educational sources regarding safe storage despite
23 years of medical cannabis use in California.? The Public
Health Department of Colorado set guidelines including
locking, hiding, and using child-resistant packaging, yet
California does not currently define safe storage. Providing
guidelines at a local or state level may provide a reference
for cannabis users as well as healthcare providers. Based on
participant responses, cannabis dispensaries may also serve as
another point for the distribution of safe storage information.

With the increasing prevalence of cannabis use in
California,”® downstream effects on the pediatric population
should be further investigated. Healthcare providers in
primary care, pediatrics, and the ED should be prepared
to screen and educate families on cannabis use and the
importance of safe storage in homes with children.

LIMITATIONS

Limitations of this study include the use of a single site
for data collection. We used a convenience sample within the
hours of 8 aM - 10 pMm, which may have incurred selection
bias. The survey tool used was not rigorously validated by
respondents or external experts. The study relied on self-
reporting, and stigma regarding cannabis use may have
skewed self-reporting and enrollment. Furthermore, the use
of paper surveys for Spanish speakers due to the lack of an
electronic survey may have altered results for the Spanish-
speaking respondents. No ethnic and socioeconomic data was
collected, and this may limit the application of this sample to
the public.

CONCLUSION

Safe cannabis storage is not clearly defined in California,
and there is a lack of safe storage education. In our sample we
found that many children are exposed to cannabis use in their
homes, and most cannabis users do not keep their cannabis
both locked and hidden. Most cannabis users and non-users

alike felt comfortable discussing cannabis storage safety with
their providers. Healthcare providers in primary care and the

ED may play an important role in educating the public about

cannabis use and safe cannabis storage.
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Ambulatory Medical Care Survey (NHAMCS).

visits share many of the same characteristics.

2021;22(5)1150-1155.]

Introduction: We sought to compare physician assistant (PA) and nurse practitioner (NP) practice in
United States emergency departments (ED) based on ED visits as reported by the National Hospital

Methods: We performed a retrospective, secondary analysis of the 2010 to 2017 NHAMCS with
analysis of ED visits, patient demographics, and hospital characteristics.

Results: Between 2010 to 2017, 21.0% (95% confidence interval, [Cl] +/-3.1%) of ED visits were
seen by either a PA/NP (with and without physician involvement) and 8.6% (+/-2.9%) were seen
by PA/NP alone. We identified an increase for NP visits between 2014—2016 and found that PA/NP

Conclusion: While emergency medicine has predominately been a specialty for PAs, the number
of ED visits with NPs has been increasing over the past several years. While there are some
differences, PAs/NPs share many similar practice characteristics in the ED. [West J Emerg Med.

INTRODUCTION

Physician assistants (PA) and nurse practitioners (NP),
commonly referred to as advanced practice clinicians,
advanced practice providers or midlevel providers, are
increasingly being used in US emergency departments
(ED) and as a result are causing some controversy.

Some have expressed concern that PAs and NPs are
replacing emergency physicians with associated financial
repercussions. Published literature regarding PA and NP
“replacement” is generally anecdotal, without objective
data, or applicable analysis.!?

Approximately 14,000 NPs (representing 5.9% of the total
US-licensed NPs) practice in the acute care setting according to
the American Association of Nurse Practioners.* Approximately
13% of certified PAs (which represents over 12,000 PAs) practice
emergency medicine (EM).* In 2009 an estimated 77.2% of US
EDs used PAs and NPs in day-to-day patient care.® According
to the Emergency Department Benchmarking Alliance, a 39%
increase in the use of NPs and PAs was observed between 2010—
2016 among US EDs.” A secondary analysis of 2014 Medicare
data determined that the ED workforce consisted of 58,641

clinicians with 24.5% classified as advanced practice providers;
68.4% of these were PAs, and 31.5% were NPs.?

PAs and NPs have different clinical practice pathways.’
PAs are educated along a medical model similar to US medical
students, while NPs are educated along a nursing model.'” PAs
and NPs also have different scopes of practice, practice theories,
and educational models.'"!" Independent practice as described
by Full Practice Authority eliminates unnecessary contracts or
agreements with physicians, along with elimination of oversight
by the state medical board, and is supported by the American
Association of Nurse Practitioners.'? In 2019, 28 states and
the District of Columbia granted NPs Full Practice Authority
to practice without physician supervision.'* The American
Academy of Physician Assistants also supports the elimination
of a legal requirement for a specific relationship between a PA
and a physician.'

Prior studies analyzing the use of advanced practice
or midlevel providers in the ED have not distinguished
between NPs and PAs but rather present data in aggregate
as “midlevel providers.”%!>16 These previous studies have
not directly compared PA to NP utilization in US EDs.
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Thus, we believe comparison of these practice pathways in
the ED is appropriate given the differences in education;
desired scope of practice; practice theories; the absence
of previous comparisons of PA and NP utilization in the
published literature using National Hospital Ambulatory
Medical Care Survey (NHAMCS) data; and the
controversy regarding utilization of midlevel providers.
We sought to compare PA to NP utilization in US EDs
from 20102017 using publicly available data from the
NHAMCS.!” Specifically, we sought to compare ED visits
with physician involvement (PA with physician, NP with
physician) and without physician involvement (PA only,
NP only). We analyzed patient demographics and visit and
hospital characteristics.

METHODS

The study methodology, including data analysis, is similar
to that in a previously published paper in which we used
NHAMCS data to compare PA ED visits with and without
physician involvement to physician-only visits.!'®

Study Design

The institutional review board reviewed and approved
this study within an exempt protocol. The NHAMCS
collects data on the utilization and delivery of ambulatory
care services in hospital EDs. This initiative is sponsored
by the US Centers for Disease Control and Prevention,
National Center for Health Statistics. Each year since
1992 a four-stage probability sample of representative
hospitals, exclusive of federal, military, and Veteran’s
Administration hospitals, located in the 50 states and
District of Columbia are identified to provide data on a
sample of ED patient visits over a four-week reporting
period. During this reporting period, onsite interviewers
collect data on a computerized patient record form. The
collected data include patient characteristics such as age,
gender, race, ethnicity, along with visit characteristics such
as patient’s reason for visit, provider’s diagnosis, service
ordered or provided, and treatment including medications.
Facility data are also collected. Because it is a representative
sample, the collected data are weighted to produce national
estimates. Further methodological details for the NHAMCS
have been published elsewhere.!” The NHAMCS is also
endorsed by multiple EM organizations.*® This current study
is a retrospective secondary analysis based on a validated,
national, cross-sectional survey.

Study Protocol

The NHAMCS data (available at https://www.cdc.
gov/nchs/ahcd/datasets_documentation_related.htm) was
downloaded and converted using SPSS Statistics version
25 (IBM Corporation, Armonk, NY). We queried the
NHAMCS survey variable “provider seen” to identify all
patient visits seen by PA or NP with or without physician

Population Health Research Capsule

What do we already know about this issue?

Physician assistants (PAs) and nurse practitioners
(NPs) are widely used in US emergency departments
(EDs). There has been no published work comparing
the two groups using a national database.

What was the research question?

To compare PA and NP utilization (with and without
physician involvement) in US EDs from 2010 to
2017 using a national database.

What was the major finding of the study?

NP utilization has significantly increased over this
time. Practice characteristics are similar between

the two groups. Between 2010 to 2017, 21.0% (95%
confidence interval, [CI] +/-3.1%) of ED visits were
seen by either a PA/NP (with and without physician
involvement) and 8.6% (+/-2.9%) were seen by PA/NP
alone.

How does this improve population health?

There is concern that PAs/NPs are caring for
patients independently. Nearly 60% of PA/NP ED
visits are co-managed with physicians.

involvement. Although the dataset is extensive with
multiple data points, we focused on demographic data
including age, gender, race, ethnicity, insurance status,
mode of arrival, acuity, diagnostic studies ordered (imaging
and/or laboratory studies), procedures performed, ED
length of stay, ED disposition, and hospital geographic
region. The acuity was determined by a triage nurse when
the patient presented to the ED, with patients assigned a
number from 1-5 (I=immediate, 2=emergent, 3=urgent,
4=semi-urgent, 5S=non-urgent). Emergency departments
with a 3- or 4-level acuity system were rescaled to fit the
5-level system. The PA data presented here is the same as
in a previously published manuscript.'®

Data Analysis

We calculated descriptive statistics, including sample
standard errors, using IBM SPSS Statistics Complex Samples
module. As described in the 2015 NHAMCS micro-data file
documentation Appendix 1 (https://data.nber.org/nhamcs/
docs/nhamcsed2015.pdf), the stratum variable, the cluster
variable, and the weighting variable were used to calculate the
descriptive statistics. We used the standard errors to calculate
95% confidence intervals (Cl), which are presented to aid in
the interpretation of the results.
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RESULTS

An estimated one billion ED visits took place
between 2010-2017. Five percent (CI, 2.3-7.7] of these
visits were seen by a PA only; 8.2% (CI, 5.5-10.9) by a
PA with physician involvement; 3.6% (CI, 0.7-6.5) by a
NP only; and 4.2% (CI, 1.1-7.3) by a NP with physician
involvement. There was a 7% increase in ED volume
between 2010-2017. There was no difference in PA-
only visits compared to NP-only visits (5.0% [CI, 2.3-
7.71 v 3.6% [CI, 0.7-6.5]). There was a difference in PA
with physician involvement visits compared to NP with
physician involvement visits (8.2% [CI, 5.5-10.9] v 4.2%
(CI, 1.1-7.3); P <0.001].

Figure 1 shows the percentage of US ED visits seen
by either a PA or a NP, which includes visits with and
without physician involvement, between 2010-2017.
There was no difference in percentage of visits for PA
visits when comparing 2010 to 2017 (11.8% [CI, 9.3-
14.3]1 v 12.8% [CI, 12.1-13.4]). There was a difference of
6.2% in percentage of visits for NP visits when comparing
2010 to 2017 (5.5% [CI, 4.2-6.8] v 11.7% [CI, 11.3-12.1];
P <0.001).

Table 1 displays aggregate patient and visit
characteristics of ED visits by provider seen.
Approximately 33% of the patients cared for by PA-only
visits or PA with physician involvement were patients 25-
44 years old. We observed no difference between patients

2010 2011 2012 2013

22%

20%

18%

16%

14%

12%

10%

8%

6%

4%

2%

0%

0-15 years old and 25-44 years old (28.8% [CI, 21.0-36.7]
v 28.5% [CI, 20.6-36.4]) for patients cared for by a NP
only. Individuals 25-44 years old (28.9%) comprised the
most common cohort among patients cared for by NPs
with physician involvement. More than 90% of NP-only
and PA-only visits were for patients less than 65 years of
age. More than 80% of PA with physician and NP with
physician visits were for patients less than 65 years of
age. Approximately 50% of visits by PAs and NPs were
for patients with public insurance. Between 2010-2017,
we observed no difference in the percentage of ambulance
arrivals being cared for by PA only compared to NP only
(5.8% [CI, 4.5-7.1] v 4.9% [CI, 3.1-6.7]). Similarly, no
difference was observed between ambulance arrivals for PA
with physician compared to NP with physician (14.7% [CI,
12.1-17.4] v 13.1% [CI, 10.4-15.8]).

The most common acuity seen by PA-only and NP-
only visits was for semi-urgent/non-urgent patients (56.4%
[CI, 45.7-67.1]) and 48.8% [CI, 39.2-58.4]). A difference
in immediate/emergent acuity, the sickest patients, was
observed between PA only and NP only (3.2% [CI, 2.2-
4.2]1v 2.1% [CI, 1.2-3.0]; P <0.001]. There was also a
difference in the percentage of urgent acuity seen by PA
only compared to NP only (24.7% [CI, 19.1-30.] v 18.0%
[CI, 13.0-23.0]; P <0.001]. No difference was observed
between frequency of diagnostic screening, imaging,
procedures performed, and medications ordered between

2014 2015 2016 2017

Year

HPA ENP
Figure 1: Percentage of US emergency department visits seen by physician assistants (PA) or nurse practitioners (NP), 2010-2017. Error
bars represent 95% confidence intervals for annual estimates; PA or NP visits include with and without physician involvement.
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Table 1: Characteristics of emergency department visits seen by physician assistant (PA) only, PA with physician, nurse practitioner
(NP) only and NP with physician; 2010-2017.

Characteristics

PA Only

PA with Physician

NP Only

NP with Physician

Total ED visits
Patient characterisitcs
Age (year)
0-15
15-24
25-44
45-64
65-74
275
Female gender
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Insurance
Private
Public
Self-pay
Other/unknown
Visit characteristics
Arrival by ambulance urgency
Immediate/emergent
Urgent
Semi-urgent/non-urgent
No triage/unknown
Diagnostic Screening
Any imaging
Any procedures performed
Any medications ordered
ED LOS (hours)
<1
1-19
2-29
23
Hospital admission
Hospital characteristics
US region
Northeast
Midwest
South
West

5.0 (2.3-7.7)

20.4 (16.0-24.9
19.2 (15.5-22.9
32.9 (26.7-39.1
19.0 (15.5-22.5
4.8 (3.7-6.0)
3.6 (2.8-4.5)
54.1 (44.4-63.7)

)
)
)
)

57.9 (47.4-68.3)
23.3 (16.9-29.7)
13.9 (11.0-16.9)

27.2 (21.6-32.7)

46.2 (37.9-54.5)

13.1 (10.5-15.8)
12.6 (9.2-16)

5.8 (4.5-7.1)
3.2 (2.2-4.2)
24.7 (19.1-30.3)
56.4 (45.7-67.1)
14.5 (9.0-20.0)
53.3 (43.1-63.5)
38.8 (32.2-45.4)
39.8 (32.8-46.8)
71.1 (57.9-84.2)

20.4 (15.7-25.2)
32.9 (26.2-39.6)
21.3 (17.5-25.0)
25.4 (20.3-30.5)
1.7 (1.1-2.4)

18.7 (14.1-23.4)
26.3 (17.3-35.3)
34.6 (24.5-44.8)
20.3 (10.3-30.4)

8.2 (5.5-10.9)

14.9 (12.0-17.9)
15.6 (12.8-18.4)
30.4 (25.5-35.3)
24.5 (20.7-28.3)
6.7 (5.4-7.9)
7.9 (6.4-9.4)
55.6 (46.4-64.8)

58.2 (46.6-69.8)
22.4 (18.3-26.5)
12.8 (10.5-15.1)

29.2 (23.6-34.8)
46.7 (41.7-51.7)
10.8 (8.6-12.9)
12.5 (10.2-14.8)

14.7 (12.1-17.4)
9.1 (7.4-10.8)
36.1 (29.4-42.8)
37.5 (31.5-43.5)
17.3 (13.4-21.2)
65.1 (54.7-75.6)
53.2 (45.1-61.4)
50.0 (42.2-57.9)
72.9 (61.3-84.4)

14.8 (10.4-19.3)
22.4 (8.5-26.3)
19.3 (15.9-22.8)
43.5 (35.9-51.0)
11.1 (9.0-13.1)

25.8 (19.4-32.2)
28.0 (17.9-38.1)
34.0 (24.3-43.6)
12.3 (8.2-16.3)

3.6 (0.7-6.5)

28.8 (21.0-36.7)
18.5 (12.7-24.2)
28.5 (20.6-36.4)
16.7 (12.1-21.3)
3.7(1.8-5.7)
3.8 (1.4-6.2)
54.1 (39.5-68.7)

55.8 (38.5-73.1)
24.7 (12.9-36.4)
12.6 (9.7-15.4)

22.8 (16.9-28.8)
46.9 (37.5-56.3)
13.4 (8.8-17.9)
15.7 (5.0-26.4)

4.9 (3.1-6.7)
2.1 (1.2-3.0)
18.0 (13.0-23.0)
48.8 (39.2-58.4)
29.6 (8.4-50.8)
54.1 (38.2-69.9)
36.8 (24.8-48.8)
38.7 (26.3-51.1)
69.4 (52.3-86.4)

22.1 (16.4-27.8)
34.3 (26.7-41.9)
21.3 (15.8-26.9)
222 (17.3-27.2)
1.5 (0.7-2.4)

11.7 (8.1-15.4)
36.6 (16.6-56.6)
38.0 (20.7-55.3)
13.7 (7.1-20.2)

4.2 (1.1-7.3)

18.8 (14.7-22.9)
15.5 (12.4-18.5)
28.9 (23.3-34.5)
21.9 (17.8-26.1)
6.4 (4.8-7.9)
8.6 (6.6-10.6)
56.4 (46.1-66.6)

60.2 (48.4-72.0)
23.9 (17.4-30.4)
14.9 (11.8-18.1)

26.5 (22.0-31.0)
48.7 (41.2-56.2)
10.7 (8.4-13.1)
12.5 (9.2-15.8)

13.1(10.4-15.8)
8.0 (6.3-9.7)
34.2 (28.0-40.5)
34.6 (29.0-40.2)
21.1 (14.8-27.4)
62.6 (51.9-73.2)
55.6 (45.4-65.7)
47.6 (39.0-56.3)
68.1 (56.8-79.4)

12.5 (10.0-15.0)
21.9 (17.9-26.0)
20.5 (15.9-25.1)
45.1 (36.1-54.1)

11.1 (8.5-13.8)

16.7 (11.2-22.2)
18.3 (13.0-23.6)
41.1 (29.8-52.4)
23.9 (12.6-35.3)

Data reported as % (95% Cl).

ED, emergency department; LOS, length of stay; ClI, confidence interval.

Volume 22, No. 5: September 2021

1153

Western Journal of Emergency Medicine



Comparing Physician Assistant and Nurse Practitioner Practice

Wu et al.

PA-only and NP-only visits. This same pattern was also
found when physicians were involved with PA and NP care.
Hospital admission rates were similar between PAs and
NPs. Most PA-only and NP-only visits resulted in a length
of stay between 1-1.9 hours (32.9% [CI, 26.2-39.6} and
34.3% [CI, 26.7-41.9], respectively). More than one third
of PA and NP ED visits occurred in the Southern US.

DISCUSSION

We sought to compare PA vs NP utilization between
2010-2017 using NHAMCS data to analyze trends in
patients seen by provider type, patient demographics,
visit characteristics, and hospital characteristics. Between
2010-2017, the number of ED visits involving NPs increased
by greater than twofold (a 6.2% increase overall). As ED
volume increased by 7.0% within this time, the increase in
ED visits involving NPs nearly matches it. By 2017 there
was a small difference between ED visits involving PAs vs
NPs, which may indicate a narrowing of the gap. Between
2010-2017, there were more visits involving PAs alone
than visits involving NPs alone. This same period shows an
increase in PA with physician visits compared to NP with
physician visits. The majority of ED visits involving PAs or
NPs were for semi-urgent/non-urgent visits. PA and NP visits
share many of the same characteristics such as diagnostic
screening, imaging ordered, procedures performed,
admission rate, and ED length of stay.

The cause of the increase in NP visits between 2010—
2017 is not known. Further study is required to determine
whether factors such as NP Full Practice Authority, hiring
by administrators instead of physicians, or other reasons are
responsible for the current trend. The NP supply may also
be a significant contributing factor as more than 30,000 new
NPs graduated in 2018-2019 compared to over 9000 PA
graduates in 2018.222 However, determining why NP visits
increased between 2010-2017 was not the primary purpose
of the study, and the above factors are not contained within
the NHAMCS data.

Another concern among some is the perception that
PAs and NPs are increasingly caring for higher acuity
patients.>** According to the results of the present survey,
the majority of ED visits involving PAs or NPs are for
semi-urgent/non-urgent visits, while caring for immediate/
emergent visits represents the minority of ED visits. When
PAs or NPs are involved with immediate/emergent visits,

a statistically significant number of those visits involve PA
or NP with physician rather than visits by PA or NP alone.
Also, PAs and NPs mostly cared for patients younger than 65
years old. Patients older than 65 traditionally have more co-
morbidities and may be more complex or with higher acuity.

In 2018 Phillips et al examined PA and NP practice
patterns in the ED.?* They reported on the results of a
survey administered to the American College of Emergency
Physicians’ council, which showed that NPs used more

resources than PAs, regardless of years of experience. Our
review of the NHAMCS data shows no difference between
PAs and NPs, with and without physician involvement,
regarding diagnostic screening, imaging ordered, procedures
performed, and medications ordered. Besides reporting that
NPs use more resources than PAs, Phillips et al also report
from their physician survey that NPs needed additional
clinical training more often than PAs and that EDs are more
willing to hire less-experienced PAs than less-experienced
NPs; thus concluding that PAs have more favorable work
characteristics. Given this perspective by a group of EM
leaders, it is interesting to note the growth of NPs within EM,
a specialty traditionally staffed by a PA majority. In 2017, NP
utilization nearly caught up to PA utilization and the difference
was only by a small margin.

LIMITATIONS

The NHAMCS dataset is widely used by researchers
to report various ED clinical conditions and characteristics.
Unfortunately, as a survey, there are limitations such as
errors in data collection and coding, which may alter
interpretations and final conclusions. As described earlier,
NHAMCS used to use paper instruments, where poor
handwriting may have limited interpretation; however,
those issues should have been resolved when computer
versions of the survey were introduced after 2012. Coding
and data errors are limited with trained research and survey
staff but not completely eliminated. Surveyors may also
not know with certainty which provider group was directly
or indirectly involved with the patient’s care and whether
“provider seen” is discussion or actual physical examination
of the patient. However, this appears to be a consistent
limitation throughout the surveys.

We were not involved in ED survey site selection, but it
is generally accepted that these sites are representative of US
EDs. Neither were we involved in determining the weighting
process used to produce national estimates. These limitations
have been described in a previous study using the NHAMCS
dataset.'® Cooper also expressed these concerns and others
when using the NHAMCS dataset.”

CONCLUSION

From 2010 to 2017, physician assistants and nurse
practitionerss were involved with 21% of US ED visits.
While EM has predominately been a specialty for PAs,
the number of NPs has been increasing over the past
several years. In fact, there has been a greater than twofold
increase in the number of visits seen by NPs between
2010-2017. PA and NP visits share many of the same
characteristics such as patient age, gender, insurance status,
arrival by ambulance, diagnostic screening, procedures
performed, imaging ordered, admission rate, and ED length
of stay. Further study will be needed to determine whether
these trends continue.
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Introduction: Patients with pyogenic spinal Infection (PSI) are often not diagnosed at their initial
presentation, and diagnostic delay is associated with increased morbidity and medical-legal risk.
We derived a decision tool to estimate the risk of spinal infection and inform magnetic resonance
imaging (MRI) decisions.

Methods: We conducted a two-part prospective observational cohort study that collected
variables from spine pain patients over a six-year derivation phase. We fit a multivariable
regression model with logistic coefficients rounded to the nearest integer and used them for
variable weighting in the final risk score. This score, SIRCH (spine infection risk calculation
heuristic), uses four clinical variables to predict PSI. We calculated the statistical performance,
MRI utilization, and model fit in the derivation phase. In the second phase we used the same
protocol but enrolled only confirmed cases of spinal infection to assess the sensitivity of our
prediction tool.

Results: In the derivation phase, we evaluated 134 non-PSI and 40 PSI patients; median age
in years was 55.5 (interquartile range [IQR] 38-70 and 51.5 (42-59), respectively. We identified
four predictors for our risk score: historical risk factors; fever; progressive neurological deficit;
and C-reactive protein (CRP) = 50 milligrams per liter (mg/L). At a threshold SIRCH score of =
3, the predictive model’s sensitivity, specificity, and positive predictive value were, respectively,
as follows: 100% (95% confidence interval [Cl], 100-100%); 56% (95% ClI, 48-64%), and 40%
(95% ClI, 36-46%). The area under the receiver operator curve was 0.877 (95% CI, 0.829-
0.925). The SIRCH score at a threshold of = 3 would prompt significantly fewer MRIs compared
to using an elevated CRP (only 99/174 MRIs compared to 144/174 MRIs, P <0.001). In the
second phase (49 patient disease-only cohort), the sensitivities of the SIRCH score and CRP
use (laboratory standard cut-off 3.5 mg/L) were 92% (95% CI, 84-98%), and 98% (95% CI, 94-
100%), respectively.

Conclusion: The SIRCH score provides a sensitive estimate of spinal infection risk and prompts
fewer MRIs than elevated CRP (cut-off 3.5 mg/L) or clinician suspicion. [West J Emerg Med.
2021;22(5)1156-1166.]
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INTRODUCTION
Background

Pyogenic spinal infection (PSI), which includes spinal
epidural abscess, is an uncommon condition among patients
with a common chief complaint of back or neck pain.'*
Indeed, back pain is the fifth leading chief complaint among
emergency department (ED) patients.* While diagnosing
some cases of this infection are simplified by an obvious
presentation of back pain and fever, or back pain and
intravenous drug use (IVDU), most cases are not easily
diagnosed.'*** The challenge of detecting this uncommon
signal from a great deal of background noise can result
in diagnostic delay, which can lead to the progression of
unrecognized sepsis, permanent neurologic deficit for the
patient, and increasing medicolegal risk for the physician.>'°
Although magnetic resonance imaging (MRI) with gadolinium
contrast is 96% sensitive and 93% specific for PSI, it is not
an easily administered test. It requires 4-8 hours for test
results,!! is uncomfortable in some patients, contributes to ED
crowding, and is not available at all facilities where back pain
is evaluated.®!%1213

Currently there are no clinical prediction tools to estimate
PSI risk,'*!7 no agreement on C-reactive protein (CRP) cut-off
levels to indicate imaging,'® and no uniform recommendations
regarding MRI use.'*" Recent publications recommend
imaging spine pain patients who have any of the following
PSI risk features: historical risk factors; fever; history of fever
or progressive neurological deficit,>*717-2%2! and to consider an
alternate diagnosis if none of these are present.>5202!

Goals of this Investigation

We aimed to develop an intuitive risk prediction score
using history, physical examination, and CRP measurement
that provides a sensitive assessment of the risk of PSI and
appropriately recommends MRI.

METHODS
Design, Setting, Selection and Population

This was a single-center, observational prospective
cohort study conducted in a community ED of 50,000+
adult patients annually in a city of 2.3 million people located
in the southwestern United States. Further description of
cohort characteristics and methods can be found in earlier
publications.?** We enrolled a convenience sample since
enrollment required the availability of the primary investigator
(PI). We developed a multivariable risk prediction tool in
two phases. In the first phase (January 2004—March 2010),
we enrolled patients whose emergency physicians suspected
they had spinal infection; patients in this phase included both
uninfected and PSI patients. From this phase, we selected
predictors and derived a risk prediction score. In the second
phase (April 2010—-August 2018), we followed the same subject
identification processes but enrolled only patients with PSI to
assess the sensitivity of our prediction tool.

Population Health Research Capsule

What do we already know about this issue?
Pyogenic spinal infection (PSI) is challenging
and frequently not diagnosed on the patient s
first visit to a healthcare provider.

What was the research question?

Can a sensitive risk prediction tool be derived
to identify PSI patients that also avoids
overusing MRI resources?

What was the major finding of the study?

The novel spine infection risk calculation
heuristic score was 100% sensitive and 56%
specific for PSI in a derivation cohort and 92%
sensitive in a sensitivity assessment cohort.

How does this improve population health?

This bedside tool may reduce missed PSI
diagnoses, improving morbidity for patients
and medical-legal risk for doctors compared to
routine clinical evaluation.

Eligibility and Data Collection

We considered patients for enrollment if they had back
or neck pain (or radicular pain to the limbs or trunk), were
> 17 years old, and had no competing diagnoses such as
pyelonephritis or pneumonia to explain their pain prior to MRI
order. An additional inclusion criterion was that an emergency
physician suspected PSI based on the presence of any of the
following: historical risk factor; fever (ED temperature >
38°C); recently measured fever before arrival; progressive
neurologic deficit (PND), or other factors leading to clinician
suspicion such as unusually severe spine pain or bounce-back
(return visit following a previous spine-related visit either at
our location or another facility). We defined PND as new or
worsening weakness, numbness, abnormal reflexes, or urinary
incontinence developing within two weeks of the index
visit per neurological examination by the PI. We excluded
patients who presented less than five days following a spinal
surgical procedure;*** if they had a fungal or tuberculous
spinal infection; if the diagnosis could not be determined; or
if patients without spinal MRI could not be followed in the
health record for more than six months after the index visit.

We educated our emergency clinicians on cited PSI risks
at the beginning of the study period using illustrative cases.
The PI distributed this information by email and at department
meetings periodically throughout the study period. Once
emergency physicians ordered an MRI or CRP for the purpose
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of evaluating spinal infection, he or she simultaneously
notified the PI. The PI evaluated all patients for enrollment,
completed a standardized examination to obtain historical and
physical examination findings and available laboratory data,
and recorded these on a data collection form. The details of
our hospital’s laboratory CRP autoanalyzer and MRI machines
are available in prior publications.?>* Each subject received
usual care, which included counseling discharged patients
to return to the ED if they had any symptom progression
or development of any new or concerning symptoms.
The PI reviewed health records to obtain CRP, imaging
interpretations, blood culture results, operative findings, and
culture results from surgery and needle aspiration samples.
Our investigation followed the TRIPOD guidelines
(transparent reporting of a multivariable prediction model for
individual prognosis or diagnosis) for risk prediction model
development.?® The hospital system’s institutional review
board approved the study.

Outcome Measures

The outcome for our novel risk score SIRCH (spine
infection risk calculation heuristic) was the presence or
absence of PSI, which we defined as the presence of any of
the following infections: spinal epidural abscess; vertebral
osteomyelitis and/or discitis; paravertebral abscess/infection;
paraspinal abscess/infection; or septic facet infection.>*> We
did not consider isolated psoas muscle infection without
another spinal infection to be a PSI. Any of the following
confirmed the presence of a PSI: 1) MRI evidence of spinal
infection as read by a neuroradiologist; 2) surgical findings of
spinal infection on the operative report; or 3) needle aspiration
culture results consistent with a spinal infection. The pool
of 10 neuroradiologists interpreting images only received
patient data to include age, gender, and chief complaint, and
we blinded interpreters to the data collected for the study. The
MRI imaging was obtained with General Electric Healthcare
(Chicago, IL) or Siemens Healthineers (Erlangen, Germany)
1.5 Tesla MRI machines.

Our hospital system used the following MRI protocols:
an “MRI with contrast” order included, with slight variation
between spinal levels, sagittal and transverse views with
T1W, T2W, spin ECHO, T2*GRE and STIR sequences, with
additional T1W sagittal and transverse views that included fat
suppression following the addition of gadolinium. An MRI
order without contrast followed the same protocols except
without additional contrast images. Due to the observational
nature of our study, not all patients received spinal MRI.
Clinical follow-up included a telephone call between two
to four weeks after the patient’s index visit, and review of
available medical and imaging records for 6-36 months after
their index visit to verify that no findings of PSI had developed.
We selected this extended follow-up time horizon due to the
indolent course of some PSIs. We queried death records at 18
months from index visit on subjects who were lost to follow-up.

Statistical Analysis

Two investigators double entered all information from
the data collection sheets into an Excel database version 14
(Microsoft Corporation, Redmond, WA) and then exported
the data into R version 4.0.2 (Foundation for Statistical
Computing, Vienna, Austria). We assessed the distributions
of infected and uninfected patient characteristics and their
differences using the Wilcoxon test for continuous variables
and Pearson’s chi-squared test for categorical predictors.
We selected candidate predictors and assessed all cases with
univariable and multivariable models. We chose a final set of
predictors based on those considered to have a biologically
plausible association with PSI, while accounting for
available degrees of freedom in our model.

We explored several prediction models that included
the following: 1) presence of at least one of 10 historical
risk factors®; 2) fever (defined as > 38°C) on initial ED
measurement or reported measurement prior to ED arrival;
3) presence of progressive neurologic deficit; and 4)
elevated CRP level. We included CRP in the models as
a continuous variable, at varied CRP cut-offs, and used
it as a single predictor®® (standard laboratory cut-off, 3.5
milligrams per liter [mg/L]). We multiply imputed missing
CRP variables using predicted mean matching (1000
imputations), and imputed models were combined using
Rubin’s rules.?”” We report all missing data in Appendix
Table 3 and compare complete case, and multiply imputed
model performance.

To create a pragmatic model for use in a clinical
setting at the patient’s bedside, we then simplified the
derived full model by rounding the estimated regression
coefficients and assigned these as points to each variable
for an easily calculated risk score, understanding there
would be a possible trade-off of predictive ability for
convenience.”® To evaluate each model, we compared the
estimated area under the receiver operating characteristic
curve (AUROC), calibration intercept, and calibration
slope, and we also assessed sensitivity, specificity,
accuracy, and positive predictive value (PPV) at the best
threshold defined by Youden’s index. We also estimated
MRI utilization by calculating the number of MRIs
prompted by the SIRCH score. In addition, we evaluated
these performance metrics at every possible discrete cut-
off of the SIRCH criterion. Finally, we examined our
enrollment eligibility’s sensitivity (clinician suspicion)
by comparing it to other published PSI screens.®” We
calculated bootstrapped 95% confidence intervals (CI) for
each performance metric.

Since existing prevalence data for PSIs in an at-risk
population was limited, we based our study size on obtaining
at least 10 outcome events for each chosen clinical predictor.
A post hoc analysis for sample size, based on an estimated PSI
prevalence of 20%, a sensitivity of 95%, and a CI width of
8%, provided an estimated 143 subjects.
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RESULTS 1), we excluded five patients (three lost to follow-up,

Baseline characteristics one fungal infection, and one incomplete follow-up [died
The median age for non-PSI patients was 55.5 without autopsy available]). Thirteen of 134 patients without

(interquartile range [IQR], 38-70), and 30% were male. infection and two of 40 infected patients had no CRP test

Of the 89 PSI patients in both phases, the median age was ordered. Of 134 uninfected patients, 113 (84.3%) had MRI or

55 (IQR, 46.7-59.2), 75% were male, 82% had historical alternate imaging, and 21 (15.7%) were followed clinically

risk factors, 37% had a fever or history of measured fever, without imaging. Thirty-nine of 40 PSI patients underwent

and 34% had a progressive neurological deficit (Table 1). MRI, and confirmation of one infection occurred in the

Of 179 patients enrolled in the derivation phase (Figure operating room without imaging.

Table 1. Patient characteristics in 223 patients suspected of pyogenic spinal infection.

Derivation Sensitivity assessment
No infection PSI PSI
Potential predictor variables N=134 % N=40 % P- value N=49 %

Mean age, (IQR); years 55.5 (38-70) 51.5 (42-59) 0.577 57 (51-64)
Gender, male 40 30% 30 75% <0.001 32 65%
Historical risk factors 84 63% 36 90% 0.001 37 76%
IVDU 0 0% 3 7.5% 0.001 7 14%
Dialysis 4 3.0% 3 7.5% 0.202 2 4.0%
Prolonged indwelling IV (PICC, temporary 0 0% 4 10% <0.001 7 14%
dialysis catheter etc.)
Hx consistent w/ bacteremia or SSTI within2 3 2.4% 15 38% <0.001 13 27%
wks of Sx onset
Immunocompromise 4 3% 2 4.1% 0.54 2 4.0%
Diabetes 39 29% 17 43% 0.112 19 39%
Cirrhosis 0 0% 3 7.5% 0.001 4 8.2%
Spinal implant present (spinal pump, cord 7 5.2% 0 0% 0.14 2 4.1%
simulator, etc.)
Spinal fracture recently diagnosed (< 4 wks 0 0 0
prior to presentation)
Spine procedure in past 3 months 45 34% 14 35% 0.868 15 31%
Fever in ED or Hx or measured fever 30 22% 23 58% <0.001 10 20%
ED fever (=38°C in ED)t 18 13% 12 30% 0.017 5 10%
Hx of measured fever (=38°C) and no ED fever 12 9% 11 28% 0.002 5 10%
Any new (spine-related) neurological deficit 28 21% 15 38% 0.033 15 31%
New extremity weakness 21 16% 9 21% 0.316 8 16%
Overflow incontinence by Hx 8 6.0% 8 20% 0.007 7 14%
Extremity numbness 14 10% 6 15% 0.430 4 8.2%
Reflex abnormality 5 3.7% 5 13% 0.037 4 8.2%
Bounce-back within 2 wks NA NA 25 63% 34 69%
Temperature, median, (IQR); °C 36.8 (36.3-7.2) 373 (36.7-38.2) 0.01 36.8 (36.6-37.4)
Mean arterial pressure, (IQR); mm Hg 98.3 (88.2-109) 96.0 (81.3-107) 0.161 97 (86.3-106)
HR, median, (IQR); beats/minute 86 (74-103) 94 (80-107) 0.121 94 (84-103)
WBC, median, (IQR); cells/uL 8.8 (7.2-11.5) 111 (9.1-13.2)  0.001 12.1 (8.9-15)
CRP, median, (IQR); mg/L 14.0 (3.8-78) 120 (69-170) <0.001 130 (76.6-182)

TED fever = first temperature obtained in the ED = 38° C (100.4° F).

PSI, pyogenic spinal infection; ED, emergency department; /VDU, intravenous drug use; PICC, peripherally inserted central line; SSTI,
skin and soft tissue infection; NA, not available; wks, weeks; Sx, symptoms; Hx, history; HR, heart rate; IQR, interquartile range; mm Hg,
millimeters mercury; pL, microliters; mg, milligrams.
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Table 1. Continued.

Derivation Sensitivity assessment
No infection PSI PSI
Potential predictor variables N=134 % N=40 % P-value N=49 %

Spine pain character

Worst pain ever 15 1% 9 23% 0.070 17 35%
Intermittent radicular 23 17% 2 5.0% 0.008 12 24%
Constant severe radicular 30 22% 7 18% 0.561 19 39%
Intermittent or constant radicular 51 38% 9 23% 0.070 27 56%
Unable to sit up independently due to pain 30 22% 15 38% 0.044 23 47%
Unable to ambulate due to pain 31 23% 16 40% 0.036 6 12%

PSI, pyogenic spinal infection.

Of 53 patients in the sensitivity assessment cohort (2010-
2018), we excluded four (one adjudicated as a superficial
post-op infection, one psoas infection without PSI, one
retropharyngeal abscess without PSI, and one fungal
infection), leaving 49 PSI patients (Figure 1). We imaged 48
patients and confirmed one infection in the operating room
without imaging. Six of 49 infected patients had no CRP test
ordered. Positive blood culture(s) occurred in 47/82, and a
microorganism was isolated in 77/89 infected patients. A
total of 189 MRIs and 30 computed tomography images were
obtained among the 232 studied subjects.

Model and Performance

We compared models for statistical performance,
discrimination, and calibration and derived the following full
model (Table 2):

Enrolled
n=232

2004-2010 2010-2018

Derivation Sensitivity
n=179
Assessment

n=53

Excludedn=4
3 adjudicated non-PSI
[~ 1 fungal spinal Infection (non-PSI)

Excludedn=5
4 lostto follov-up
— 1 fungal spinal infection (Non-PSI)

n=174

T

Non-PSI Psl
n=134 n=40

PSI
n=49

Figure 1. Flow chart of enrolled patients suspected of PSI
(derivation) and PSI (sensitivity assessment)
PSI, pyogenic spinal infection.

Full PSI Model = PSI probability =1/(1 + glositfunetion). ogit
function = -5.16 + (2.88xCRP) + (1.6xRF) + (1.27x(F or Hx
of F)) + (0.84xPND).

We then simplified this model for ease of use at the
bedside by rounding regression coefficients to the nearest
integer, resulting in the following scoring model to predict PSI
probability, called SIRCH (Table 2):

SIRCH score = (3 if CRP > 50 mg/L) + (2 if any RF) + (1
if F or Hx of F) + (1 if PND)

The SIRCH score (Figure 2) ranged from 0 to 7, and from
its ROC we identified a Youden’s cut-off of > 3. We compared
the SIRCH score model to three other models (Table 2): full
model using CRP continuously; full model with CRP at a
cut-off of 3.5 mg/L; and full model with CRP cut-off of 50
mg/L. The SIRCH score had the highest sensitivity and had
acceptable MRI utilization, discrimination, and calibration
parameters compared to other models (SIRCH score AUROC
and calibration plot, Appendix Figure 2 and 3). There was
no evidence of a difference in performance metrics of the
complete case and multiply imputed models (8.6% missing
CRP results). Not shown in the table is the isolated use of the
CRP at its standard laboratory cut-off of 3.5 mg/L to decide on
imaging. This strategy had a sensitivity of 100% (40/40) and
specificity of 22.3% (30/134) and indicated imaging in 144 of
the 174 patients, significantly more MRIs compared to 99 (P <
0.001) using the SIRCH score.

The SIRCH score predicted PSI at varied criterion cut-
offs, as demonstrated in Table 3, (depicted graphically in
Appendix Figure 1). In the second phase of our study (2010-
2018), the SIRCH score’s sensitivity for PSI declined to 92%
(95% CI, 84-98%), while the use of an elevated CRP above
the standard cut-off, 3.5 mg/L, was 98% (95% CI, 94, 100%)
sensitive.

The median CRP among the 134 uninfected patients was
14 mg/L (IQR, 38-78) — significantly higher than the cut-off
for our hospital system’s laboratory standard of 3.5 mg/L.

The median CRP for the 40 PSI patients was 120 mg/L (IQR,
69-170) —nearly 50-fold higher. The median CRP for the 49
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Table 2. Multivariable full prediction models and SIRCH score.

Model variables Model, continous CRP

Full model, CRP = 3.5

Full PSI model, CRP = 50 SIRCH, CRP = 50

Intercept -4.32 (-5.81, -2.84) -8.23 (-55.19, 38.72) -5.16 (-6.92, -3.40)

CRP 0.01 (0.01, 0.02) 4.72 (-42.25, 51.69) 2.88 (1.62, 4.15) 3

Any risk factor 1.78 (0.49, 3.06) 1.64 (0.48, 2.80) 1.60 (0.31, 2.89) 2

Fever 1.20 (0.28, 2.11) 1.68 (0.85, 2.51) 1.27 (0.33, 2.20) 1

Any neuro-deficit 0.80 (-0.18, 1.79) 1.22 (0.34, 2.11) 0.84 (-0.17, 1.85) 1

Performance

AUC 0.867 (0.813, 0.922) 0.778 (0.704, 0.852) 0.886 (0.839, 0.934) 0.877 (0.829, 0.925)
Calint 0.034 (-0.489, 0.587) 0.008 (-0.526, 0.554) 0.039 (-0.440, 0.533) -5.229 (-7.136, -3.769)
Cal slope 1.032 (0.705, 1.418) 1.002 (0.628, 1.434) 1.027 (0.719, 1.411) 0.938 (0.652, 1.295)
Threshold -1.214 (-2.066, -0.727) -0.670 (-1.851, -0.418) -1.222 (-2.507, -0.794) 3.000 (3.000, 3.000)
Sensitivity 0.850 (0.725, 1.000) 0.725 (0.525, 0.900) 0.950 (0.850, 1.000) 1.000 (1.000, 1.000)
Specificity 0.813 (0.552, 0.918) 0.731 (0.597, 0.866) 0.754 (0.597, 0.851) 0.560 (0.478, 0.642)
Accuracy 0.816 (0.655, 0.891) 0.736 (0.632, 0.810) 0.793 (0.690, 0.862) 0.661 (0.598, 0.724)
PPV 0.569 (0.400, 0.732) 0.450 (0.348, 0.583) 0.529 (0.426, 0.648) 0.404 (0.364, 0.455)
MRIs indicatedt 61/174 66/174 70/174 99/174

Sensitivity assessment  0.610 (0.470, 0.760)

0.310 (0.180, 0.450)

0.710 (0.590, 0.840) 0.920 (0.840, 0.980)

1t MRIs indicated= Number of patients identified as positive by the model recommending spinal MRI to evaluate for PSI.
FSensitivity assessment= second phase, infection only cohort, 2010-2018.
SIRCH, spine infection risk calculation heuristic; PS/, pyogenic spinal infection; CRP, C-reactive protein; AUC, area under the curve;

PPV, positive predictive value; MRI, magnetic resonance imaging.

patients in the second phase was similar to the derivation, 130
mg/L (IQR, 77-182), and consistent with recent studies.?-°

Of 89 infected patients, 87 had at least one of the
following SIRCH criteria: historical risk factor; fever;
or progressive neurologic deficit. Although severe pain
prompted clinical suspicion of PSI and represented 43%
(38/89, Table 1) of PSI patients, other risk features were
present in all but two PSI patients. A SIRCH score > 3
identified 85 of 89 (96%) of PSIs overall. In the derivation,
the use of historical risk factors as defined by Davis® and
CRP above the standard cut-off of 3.5 mg/L had a 90%
and 100% sensitivity, respectively. However, SIRCH score
specificity (56%) compared favorably to both historical risk
factors (37%) and any CRP elevation (22%). The SIRCH
score had the best overall combination of high sensitivity
(100%), and reasonable utilization, ordering 99 scans to find
40 PSIs (2.48:1).

Characteristics of missed or nearly missed patients with
PSIs are shown in Figure 4. The figure indicates that of all 89
infections, only four were missed by SIRCH. Furthermore,

a SIRCH score equal to three detected seven infections, but
five of these would have been missed if clinicians had used
the CRP alone at a cut-off of 50 mg/L to indicate imaging
(near-miss). This cautions against an independent use of CRP
at this cut-off outside of a multiple variable scoring system.
Lastly, the figure indicates “bounce-back” was present in most
(10/11) of these patients. And of the 59 bounce-backs, SIRCH

would detect all but four of these, implying that 93% (55/59)
of these previously missed patients might have had their PSI
identified on their prior visit if SIRCH had been available.
Eighty-three percent (25/30) of PSI patients with
neurological deficits had no fever to prompt consideration
of infection among the 89 spinal infections, highlighting
a key circumstance where infection could be overlooked.
The algorithm in Figure 3 considers this by using current
published recommendations of contrast-enhanced MRI in
patients suspected of infection,>*1%12132! a5 indicated by
SIRCH score >3. For those with a neurological deficit, who
are at low risk for infection (SIRCH score of <3), current
recommendations indicate that MRI (without contrast) is the
appropriate imaging modality.

DISCUSSION

The imaging prompts, back pain and fever or back pain
and IVDU, would have failed to identify a dismal 70%
(62/89) of PSIs in our cohort if either prompt were used to
decide on MRI. This is in line with the finding by Davis et
al that diagnostic failure occurred in 75% (47/63) of PSI
patients, and delay in treatment was associated with worse
sequelae.' Similar to the Davis study, we found that two-thirds
of PSI patients (59/89) in our cohort had a previous medical
evaluation for a PSI-related complaint and were not diagnosed
with infection (bounce-back). Our study’s derived SIRCH
score was sensitive at detecting PSI in our patient population,

Volume 22, No. 5: September 2021

1161

Western Journal of Emergency Medicine



Clinical Prediction Tool for MRI in ED Patients with Spinal Infection

Shroyer et al.

Point
Variables Value
1 Any historical risk factor 2
VDU
Dialysis

Prolonged indwelling intravenous line
Hx consistent w/ bacteremia or
SSTI within 2 wks of Sx onset
Immunocompromise
Diabetes
Cirrhosis
Spinal implant present
Spinal fracture diagnosed < 4 wks prior
prior to presentation
Spine procedure in past 3 months
2 Fever 1
ED fever (238°Cin ED)
Hx of measured fever (238°C)
3 Progressive neurological deficit 1
Extremity weakness
Extremity numbness
Reflex abnormality
Overflow incontinence by Hx

4 CRP 250 mg/L 3

SIRCH Score

Figure 2. Calculation for spinal infection risk calculation
heuristic score.

IVDU, intravenous drug use; Hx, history; SSTI, skin and soft
tissue infection; Sx, symptoms; wks, weeks; ED, emergency
department; CRP, C-reactive protein; mg/L, milligrams per liter.

including the 93% (55/59) of PSI patients not diagnosed on
their prior visit, while limiting the number of MRIs compared
to CRP use alone.

Our study also supports several other findings from
the seminal study by Davis and colleagues.® Both studies
are similar in size (89 PSIs vs 86 in Davis), both have a

low proportion of infections with fever (19% [17/89] vs
7.3%), and both studies focused on avoidance of MRI in
patients at very low risk for infection, which is consistent
with current guidelines.>®2%2!13! However, there are four
critical differences between the two studies. The study by
Davis et al had a high prevalence of IVDU compared to the
current study (60% vs 4.5%); Secondly, the Davis screen,
using risk factors® only, was 82% (72/89) sensitive for PSI,
compared to a SIRCH sensitivity of 96% (85/89). Third, the
SIRCH algorithm considers progressive neurologic deficit a
risk factor to be used in screening for PSI and recommends
a contrast MRI for patients with a SIRCH score of > 3,
whereas the Davis protocol considers a CRP unnecessary in
the case of neurologic deficit. However, adding contrast to
the MRI in this instance avoids the following pitfall: Most
patients presenting with a PSI in our study did not have a
fever, and likewise, 83% (25/30) who had a neurological
deficit did not have a fever either. Clinicians not actively
looking for PSI may not suspect infection in this group and
imaging an infected patient without contrast may lead to a
missed PSI or an equivocal reading. This circumstance may
prompt a neuroradiologist to recommend repeating the MRI
but with the addition of contrast, which adds another 4-8
hours!! to the ED evaluation and the patient’s time in the
ED. The fourth and final difference between the two studies
is that Davis recommends using a CRP level after screening
as the primary arbiter in PSI prediction, whereas our study
derived a CRP cut-off and used the CRP as one of four
elements in a scoring model to predict PSI.

Authors have recommended various methods to
improve clinical recognition of PSI, including the use of
red flags.”**2!32 However, the red flags as defined by Bhise'
lacked adequate sensitivity (69%) for clinical use in our
patient population. Inconsistencies in published guideline

Table 3. Probability of pyogenic spinal infection and number of magnetic resonance images indicated from SIRCH* score cut-off criterion .

Performance 0 1 2 3 4 5 6 7

Sensitivity 1.00 (1.00, 1.00 (1.00, 1.00 (1.00, 1.00 (1.00, 0.93 (0.83, 0.88 (0.77, 0.60 (0.45, 0.13 (0.03,
1.00) 1.00) 1.00) 1.00) 1.00) 0.98) 0.75) 0.23)

Specificity 0.00 (0.00, 0.23 (0.15, 0.31 (0.23, 0.56 (0.48, 0.73 (0.66, 0.77 (0.69, 0.87 (0.81, 0.99 (0.96,
0.00) 0.29) 0.38) 0.64) 0.81) 0.84) 0.93) 1.00)

Accuracy 0.23 (0.23, 0.40 (0.35, 0.47 (0.41, 0.66 (0.60, 0.78 (0.71, 0.79 (0.74, 0.81 (0.75, 0.79 (0.76,
0.23) 0.45) 0.52) 0.72) 0.83) 0.85) 0.86) 0.82)

PPV 0.23 (0.23, 0.28 (0.26, 0.30 (0.28, 0.40 (0.36, 0.51 (0.44, 0.53 (0.46, 0.59 (0.47, 0.73 (0.33,
0.23) 0.30) 0.33) 0.46) 0.59) 0.62) 0.71) 1.00)

MRIs 174/174 145/174 133/174 99/174 73/174 66/174 41174 71174

indicated

Sensitivity 1.00 (1.00, 0.960 (0.90, 0.94 (0.86, 0.92 (0.84, 0.84 (0.73, 0.710 (0.59, 0.270(0.14, 0.02 (0.00,

assessmentt  1.00) 1.00) 1.00) 0.98) 0.94) 0.84) 0.39) 0.06)

TSensitivity assessment = 2nd phase cohort 2010-2018, infection only; SIRCH score uses all possible threshold cutpoints (0-7), multiply

imputed models.
*SIRCH, spinal infection risk calculation heuristic.
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Clinical suspicion No  consideralternate
;
for PSI diagnosist
Yes

\ 4

Calculate SIRCH score

(seeFigure 2)
SIRCH score < 3/ SIRCH score = 3
PND
Nc:/ yes
No MRI MRI without MRI with contrast
contrast§

Figure 3. SIRCH algorithm.

tClinical suspicion= enrollment criteria.

I Per published recommendations for patients at very low -risk for
PS|.2,3,19,21

§Patients with a progressive neurologic deficit and a score < 3
require MRI without contrast. To avoid diagnostic delays in high-risk
patients who require MRI regardless of CRP result, the authors
recommend ordering an MRI with contrast immediately after
evaluation and revising to a non-contrast study if SIRCH < 3 with
the CRP result.

PND, progressive neurological deficit; PS/, pyogenic spinal
infection; MRI, magnetic resonance imaging.

recommendations and imprecise risk factor definitions!#+!61
may be responsible for incomplete adoption of any single
recommendation for imaging decisions. The resulting
indifference to their use may play a role in the high diagnostic
failure rate cited by Bhise.’

Clinician specificity for PSI is also poor, with studies
finding between 15-30 MRIs are ordered to find one
infection.'*! The use of MRI is an important factor since
its lengthy turnaround time of 4-8 hours'! has been cited as
“contributing to ED overcrowding.”"® Of the 134 uninfected
patients in our derivation cohort, the SIRCH score would
reduce the number of unnecessary imaging by 75 compared
to clinician suspicion, while the Davis risk factors and any
CRP elevation would reduce it by 50 and 30, respectively. And
although CRP was 100% (40/40) sensitive for the infection, its
specificity was considered unacceptable for clinical use (144
scans to find 40 infections), and given the ubiquity of back
pain, CRP testing in unselected patients would likely result
in increased MRI overuse. Various CRP cut-offs have been

recommended in the literature. We selected a cut-off unique to
our at-risk spine pain cohort to maximize its accuracy for this
population, and clinicians using this cut-off should be aware
of instances in which the CRP may be lower than our cut-off
in PSI patients, especially those with cirrhotic liver disease or
concurrent antibiotic use (5 of the 11 misses or near-misses in
Figure 4).2-% In this study, the presence of other risk variables
heightened suspicion of infection, which maintained our high
sensitivity for these cases.

Our study shows SIRCH is sensitive for the clinical
detection of PSI and would limit the number of scans
compared to using CRP after screening for PSI. However, it
can be noted that reducing the number of MRIs in our cohort
by 75 over our long study period may not have had a large
impact on ED crowding. Nonetheless, the impact is likely to
be magnified with any attempt to improve the sensitivity for
this uncommon and challenging diagnosis without a method in
place to limit false positives, leading to more overuse of MRI
resources, not less.

LIMITATIONS

This study’s single-center design may restrict the
generalizability of our findings. Our sample was not consecutive
and only included patients when spinal infection was clinically
suspected. Our convenience sample’s high PSI prevalence
may subject our study to spectrum bias, which could result in
overestimating the SIRCH score’s accuracy. Additionally, our
enriched sample could overestimate the SIRCH score’s MRI
utilization benefits (fewer false positives) compared to lower
prevalence populations. The low prevalence of IVDU in our
sample may restrict generalizability to settings with more PSI
secondary to drug injection.

Although blinding clinicians to the CRP results could
have reduced potential work-up bias, this was inconsistent
with the observational nature of our study. However, we
believe the risk of this bias was minimal based on the
following: there is no widely accepted cut-off recommendation
for CRP use in predicting PSIs; no diagnostic accuracy study
validating its value in PSI;'®and the test is widely known to
have poor specificity. This knowledge may have led to fewer
CRP test orders in PSI patients as the study progressed (CRP
not ordered in two in the derivation and six in the second
phase). Despite this, there is potential for this bias to overstate
the accuracy of our prediction score.

Not all patients were evaluated using a single reference
standard (MRI); however, two investigators reviewed all
radiology reports and images and confirmed equivocal MRI
reads with culture and operating reports. We defined PSI
precisely using the most contemporary nomenclature,***
and the 21 uninfected cases that had no MRI were followed
clinically for a prolonged duration to verify no occurrence
of infection. We contend that this protocol provided a robust
reference standard. Despite telephone follow-up, extended
health record follow-up, and death records search, the
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GpD
20D 0 1 0 356 1 3 tp >2 wk incr low back pain, Hepatitis C cirrhosis & diabetes; MRI: D, VO; +T9-10 disc aspirate
strep

670 1 0 1 0 323 1 3 E coli

>3 wk incr low back pain, on fluoroquinolone for prostatitis, changed to DOX; MRI: L1-2 SEA, D, VO; +quinolone

resistant € coli L1-2 disc aspirate

1 wk incrlow back pain 4 wk after lumbar fusion surgery, MRI over-read the next day "concern for SEA", Pt called
to return to the ED, CRP incr from 17.4 to 33.0 in 24 hours; Pt had recent MSSA PICC line infection

133D 1 0 1 o0 MSSA

254 0 0 0 0 2660 1 3 S. epi

>6d incr low back pain, +chills & sweats, repeat temp 38.9%(rectal); MRI: L5S1 D, SEA; +spinal canal culture

>6d incr low back & right leg pain in 19 year-old healthy male, too painful to walk, "worst pain ever”; MRI: L4-S1
SEA, PA, large iliacus abscess drained by interventional radiology, treated non-surgically

262 0 0 0O O 1460 1 3 MSSA

2655 1 0 0 1 106 1 3 MRSA

4 wk incr neck pain, radicular left arm pain & weak shoulder abduction, diabetes; MRI: left C3-4 SF, PSA; ESR 50,

CRP level re-verified next day; +needle aspirate
GpB 8dincrback & bilateral leg pain "worst pain ever"; MRI: L3-4 SF, SEA, PA; ESR 40; +canal culture; follow up 2 years
strep 5 mos later Pt diagnosed with end stage cirrhotic liver disease from NASH

267 0 0 0O O 435 1 0

Incr chronic low back pain after temporary spinal cord stimulator placed 6 d prior, diabetes; repeat temp 38.8";

4 d incrthoracic back pain, leg paresthesias, leg weakness, hyper-reflexic; Pt on Abx for recent MSSA bacteremia;

MRI: T5-6 SEA with cord compression, VO, D and PVA; +canal culture

14 d incr neck/thoracic spine pain, new stress urinary incontinence & use of a walker to ambulate prior 2 days; Pt
recently treated with CRO & TMP for "UTI"; MRI: C2-4 SEA; +canal culture

Pt returned to the ER after syncope evaluation for incr pain & paresthesias to ulnar aspect of both arms. MRI

2695 1 0 0 0 414 1 2 MSSA K
MRI: T12-L1 SEA; +spinal canal culture
2755 1 0 0 1 297 1 3 MSSA
280S O 0 0 i 170 1 o ! MRSA
2955 0 0 0 o0° 32 0° 0 MSA

ordered for possible central cord syndrome from neck injury. MRI:C5-6 VO, D, PVA; 2 of 2 blood cultures + MSSA;
ESR9; CRP re-sampled and verified, neg-1VDU status re-verified, treated non-surgically

Figure 4. Patient characteristics in all SIRCH score misses or near-misses. 1= present, 0= absent.

tBounce-back= a prior ED/clinic visit related to current visit;

IMRI ordered based on suspicion of central cord syndrome but adjudicated not a progressive neurological deficit.

§Not considered a bounce-back since patient’s first visit unrelated to PSI;

PSI, pyogenic spinal infection; SEA, spinal epidural abscess; VO, vertebral osteomyelistis; D, discitis, PVA, paravertebral abscess; PSA,
paraspinous abscess; SF, septic facet; PA, psoas abscess; Abx, antibiotics; CRO, ceftriaxone; DOX, doxycycline; TMP, trimethoprim-
sulfamethoxazole; SSTI, skin and soft tissue infection; MSSA, methicillin sensitive Staphylococcus aureus; MRSA, methicillin resistant
Staphylococcus aureus; S epi, Staphylococcus epidermidis; d, day; wk, week; incr, increasing; ESR, erythrocyte sedimentation rate;

NASH, non alcoholic steatohepatitis; Pt, patient.

potential for improper classification of missed infections
exists. The study’s 14-year duration may have subjected it to
temporal bias due to increased MRI availability or improved
clinician confidence in selecting and diagnosing spinal
infection over this long period. Over this time, clinicians may
have depended less on well-known high-risk features of PSI
and more on acquired expertise, leading to the identification
of more PSI patients in the second half of the study who had
no fever, no historical risk factors, and who had more missing
CRP orders.

A single, experienced emergency physician collected the
study data, so this prevents measurement of interobserver
variability. We mitigated this by using the most objective
variables available and those with previously published
measurements of interobserver variability.*> A small number

of enrolled patients were later found to have posterior lower
lobe pneumonia or pyelonephritis as the cause of their back
pain. Had these conditions been recognized prior to spinal
MRI order, the study would have resulted in greater CRP
and SIRCH score specificities. Finally, our study’s small
size required us to combine several variables into composite
variables, possibly concealing the strength of crucial
individual risk factors.

CONCLUSION

In 2020 Galliker et al wrote, “To date, there has been
no risk prediction tool to assist [emergency] physicians
in assessing patients with low back pain.”'* The SIRCH
score was 100% sensitive for pyogenic spinal infection and
prompted fewer MRIs than clinician suspicion or CRP use
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in our derivation cohort but was less sensitive in the second
phase (92%) compared to CRP (98%). This bedside scoring
system, using clinical findings and CRP to inform spinal MRI
decisions, requires external validation in other ED settings
prior to clinical use.
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Introduction: Children and adolescents are not impervious to the unprecedented epidemic of opioid
misuse in the United States. In 2016 more than 88,000 adolescents between the ages of 12-17
reported misusing opioid medication, and evidence suggests that there has been a rise in opioid-
related mortality for pediatric patients. A major source of prescribed opioids for the treatment of pain is
the emergency department (ED). The current study sought to assess the complex relationship between
opioid administration, pain severity, and parent satisfaction with children’s care in a pediatric ED.

Methods: We examined data from a tertiary pediatric care facility. A health survey questionnaire was
administered after ED discharge to capture the outcome of parental likelihood of providing a positive
facility rating. We abstracted patient demographic, clinical, and top diagnostic information using
electronic health records. Data were merged and multivariable models were constructed.

Results: We collected data from 15,895 pediatric patients between the ages of 0-17 years (mean

= 6.69; standard deviation = 5.19) and their parents. Approximately 786 (4.94%) patients were
administered an opioid; 8212 (51.70%) were administered a non-opioid analgesic; and 3966 (24.95%)
expressed clinically significant pain (pain score >/= 4). Results of a multivariable regression analysis
from these pediatric patients revealed a three-way interaction of age, pain severity, and opioid
administration (odds ratio 1.022, 95% confidence interval, 1.006, 1.038, P = 0.007). Our findings
suggest that opioid administration negatively impacted parent satisfaction of older adolescent patients
in milder pain who were administered an opioid analgesic, but positively influenced the satisfaction
scores of parents of younger children who were administered opioids. WWhen pain levels were severe,
the relationship between age and patient experience was not statistically significant.

Conclusion: This investigation highlights the complexity of the relationship between opioid
administration, pain severity, and satisfaction, and suggests that the impact of opioid administration on
parent satisfaction is a function of the age of the child. [West J Emerg Med. 2020;21(5)1167-1175.]

INTRODUCTION economic burden is estimated to be $504 billion.? Children
Background and adolescents are not impervious to this epidemic. In 2016
The United States is currently experiencing an alone, more than 88,000 adolescents between the ages of
unprecedented opioid crisis. More than 47,000 people die 12—17 years reported misusing opioid medications, making
from an opioid-related overdose each year,' and the annual opioids the second most commonly abused illicit substance
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in the US.? Physician prescribing is argued to be one driver
of the opioid crisis.* One major source of prescribed opioids
is the emergency department (ED),’ with the treatment

of pain identified as the most common reason for ED
visits.*’ Specifically, guidelines® focused on improving the
pain management of pediatric patients and reducing the
undertreatment of pain in children with a variety of painful
conditions’ may have influenced the increase in opioid
prescriptions to children and adolescents.

Importance

With a rising emphasis on patient-centered care, concerns
over patient satisfaction may be one contributor to the
increased opioid prescribing rates observed in the ED.!° Patient
satisfaction is an important tool for assessing quality of care,
and with the widespread availability of several commercially
available surveys that capture patient experience, results of
these questionnaires can now impact a facility’s reputation
and profits. As a result, physicians may fear that insufficiently
treating pain could lead to decreased patient satisfaction, which
would contribute to the continued opioid prescribing habits of
these providers.!! Research on the relationship between patient

satisfaction and pain management in adult populations is mixed.

Some studies have determined that analgesic administration
does not correlate with patient satisfaction,'>!* whereas, a
significant link between pain management and quality of care
has been shown in other investigations. '+

Studies examining this correlation in pediatric samples
have received little attention,'”'® and there is an absence
of research that addresses potential statistical interactions
between pain severity and the administration of opioids in
relation to patient satisfaction in one multivariable model.
Margaret and associates found that pain resolution was
associated with higher satisfaction; however, differences
based on analgesic administration were not assessed.'®
Similarly, Locke and colleagues showed that patients
indicating their pain was controlled were more satisfied with
their ED experience. But analgesic use was not examined in
this investigation.'” Finally, given the great developmental
differences among children ages 0—17 it is necessary to assess
how the association between pain and opioid prescribing
impacts satisfaction at different age levels.

Goals of This Investigation

The relationship between opioid administration, pain
severity, and parent satisfaction (as a proxy of patient
satisfaction) is complex and should be assessed using a
multivariable analysis that simultaneously considers the
impact of both analgesic administration and pain on parent
satisfaction. Research that assesses only the role of either
pain or opioid use, without including both, will fail to fully
capture the complex contribution of opioid administration
on perceived quality of care. Therefore, our goal was to
determine the influence of opioid analgesic administration on

Population Health Research Capsule

What do we already know about this issue?

In adults, research has identified a significant
association between pain management and
patient satisfaction; however, this relationship
is understudied in pediatric populations.

What was the research question?

We assessed statistical interactions between
age, pain, and the prescription of opioids in
relation to parental satisfaction with care.

What was the major finding of the study?
Parents of older patients were dissatisfied with
their care when their child was prescribed
opioids to treat a milder pain condition.

How does this improve population health?
Findings suggest that physicians should
consider pediatric patient pain level and
age when deciding whether to prescribe an
opioid medication.

parent satisfaction for pediatric patients discharged from the
ED, and to assess whether the pain management-satisfaction
relationship was impacted by demographic, clinical, and
diagnostic factors.

METHODS
Study Design and Setting

The current study involved a retrospective cohort analysis
of parent satisfaction with analgesia administration in the
ED. We collected encounter data between May 2018—June
2019 from children who underwent treatment in a pediatric
ED in a tertiary children’s hospital. This data source included
demographic and clinical variables from an electronic health
record (EHR) system and parent satisfaction data that we
assessed using a NRC Health survey questionnaire (National
Research Corporation, Markham, Ontario, Canada). In total,
the parents of 85,804 ED patients began to answer survey
questions, and of these 24,761 respondents completed the
survey, representing a response rate of 28.9%. All survey
data collection methods were approved by the hospital’s
institutional review board.

Selection of Participants

The health questionnaire was sent to all parents after
discharge from the ED facility. We linked the EHR data and
survey responses using unique encounter identifiers present in
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both data sources. Inclusion criteria were as follows: treated
in the ED; being < 18 years; and with an ED stay of 12 hours
or less. Because we aimed to assess differences in opioid
prescribing for patients without cancer-associated chronic
pain or a neoplasm diagnosis we excluded from the analysis
International Classification of Diseases, 9" and 10" revisions,
(ICD-9 and ICD-10) codes C00 through D49; n = 59).19-2

Measurements

Patient age, ethnicity, gender, low-income insurance status
(Medicare/Medi-Cal),* Emergency Severity Index score,
length of stay (ranging from 16—716 minutes), and level of
pain were abstracted from the EHR. Pain severity ranged from
0 (no pain) to 10 (severe pain), and was conceptualized as the
maximum pain score recorded during the patient’s stay using
developmentally and situationally appropriate measurement
tools (ie, the Neonatal Pain, Agitation and Sedation scale; the
Faces, Legs, Activity, Cry, Consolability behavioral pain scale;
the faces pain scale, and numeric rating scale). Following the
guidelines of Fortier et al,*! a pain score equal to or greater
than 4 was determined to be clinically significant.

Patient analgesic records during the ED visit were also
obtained from the EHR. Specifically, we assessed information
on whether the patient was administered an opioid (eg, codeine,
hydrocodone, hydromorphone, meperidine, sufentanil, fentanyl,
morphine, oxycodone, remifentanil, nalbuphine, methadone,
tramadol) and/or non-opioid analgesic (eg, ibuprofen,
acetaminophen, naproxen, gabapentin, pregabalin, celecoxib,
and triptan). Administered opioids were dispensed during the
patient’s ED stay and did not refer to after-visit administrations,
as information on medications prescribed after the patient’s
ED stay was not accessible in the EHR system. Top patient
medical diagnoses were also retrieved and controlled for using
the ICD-9 and ICD-10 revisions (0 = absence of a diagnosis,

1 = presence of a diagnosis). Diagnoses that captured less than
1% of patients (eg, sickle cell disease) were not controlled for
in the analyses. We used responses to the health questionnaire
after patient discharge to measure patient experience. Two items
assessing satisfaction with pain and discomfort management
were examined (ie, “Did the staff do everything they could

to help your child with his/her discomfort?”; and “Did the

care providers do everything they could to ease your child’s
discomfort?”).

Outcome

We determined parent satisfaction with their child’s
emergency care using an NRC Health questionnaire item
assessed as an indicator of patient satisfaction in prior
research.’? Specifically, parents were asked, “Using a number
from 0 to 10, where 0 is the worst facility possible and 10 is
the best facility possible, how would you rate this emergency
department?” A top-box approach was used to recode this
item, with a response of “9” or “10” indicating satisfaction
with the ED facility (coded as 1 or “Satisfied”). All other

responses represented an undesirable facility rating (coded
as 0 or “Not Satisfied”). This top-box methodology is the
standard approach for assessing patient satisfaction in US
hospitals that use the Hospital Consumer Assessment of
Healthcare Providers and Systems. >

Analytic Approach

Bivariate analyses estimated associations between
satisfaction with admittance acuity, pain severity, administered
analgesics, and the two items assessing pain management
experiences. We examined the proportions of patients with
positive (Satisfied) and negative (Not Satisfied) facility rating
scores across the levels of each variable. Odds ratios (OR)
and chi-square P-values were calculated for each association.
In addition, we assessed relationships between the two pain
and discomfort management survey questions and opioid
administration using a chi-square test of association. P-values
< 0.05 were determined to be statistically significant in the
bivariate analyses.

A multivariable logistic regression model was then
estimated to assess the relationship between each predictor
and the outcome while controlling for all demographic,
clinical, survey, and diagnosis variables. Two-way interactions
between age, ethnicity, gender, insurance type, acuity score,
length of stay, and pain with opioid use were simultaneously
estimated. We also assessed three-way interactions between
each covariate with pain and opioid use. We removed non-
significant interaction terms before estimating the final
model. A Bonferroni correction was applied to account for
the estimation of two models, with P < 0.025 concluded to be
statistically significant in the multivariable analyses.

RESULTS
Characteristics of the Study Subjects

Respondents were 15,895 pediatric patients and their
parents. Overall, 11,995 (75.46%) patients provided a
positive ED facility rating, meaning that they were satisfied
with their visit (providing a score of a 9 or 10 when asked
how they would rate the ED facility). Approximately 3966
(24.95%) expressed clinically significant pain (pain score >/=
4; as defined by Fortier et al’!); 786 (4.94%) patients were
administered an opioid; and 8212 (51.70%) were administered
a non-opioid analgesic. Additional descriptive information is
displayed in Table 1.

Main Results
Bivariate Analyses

Relationships between all key variables with satisfaction
are shown in Table 2. Patients with an acuity score of 1 or
2 (Resuscitation/Emergent) were more likely to provide a
positive facility rating than patients with an acuity score of 3
(Urgent) or 4/5 (Less Urgent/Non-Urgent; P = 0.002). Patients
expressing more severe pain severities (P < 0.001) and
those who were administered opioid analgesics (P = 0.018)
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Table 1. Pediatric patient sample characteristics (N = 15,895).

Demographic and Clincal Predictors

Age
Range 0 - 17 years
M (SD) 6.69 (5.19)
Ethnicity
Hispanic 5,786 (63.60%)
Non-Hispanic 10,109 (36.40%)
Sex
Male 8,494 (53.44%)
Female 7,401 (46.56%)

Low-income insurance (medicare/medi-cal)

No 4,419 (27.80%)
Yes 11,476 (72.20%)
Acuity Score

1/2 (Resuscitation/Emergent)

3 (Urgent)

4/5 (Less Urgent/Non-Urgent)
Length of stay (minutes)

1,192 (7.50%)
5,516 (34.70%)
9,187 (57.80%)

Range 16 —-716

M (SD) 170.00 (94.85)
Pain severity

Range 0-10

M (SD) 1.86 (2.72)
Administered opioids

No 15,109 (95.06%)

Yes 786 (4.94%)

Administered non-opioids

No
Yes

7,683 (48.30%)
8,212 (51.70%)

Top International Classification of Diseases, Ninth/Tenth Revision Diagnoses

Bacterial/viral infections (A00-A99)
Circulatory system diseases (100-199)

1,149 (7.23%)
159 (1.00%)

Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) 219 (1.38%)
Digestive and genitourinary system diseases (K00-K95, NOO-N99) 1,764 (11.10%)
Ear and eye diseases (HO0-H59, H60-H95) 1,351 (8.50%)
Endocrine, nutritional, and metabolic diseases (E00-E89) 253 (1.59%)
Mental and behavioral disorders (FO1-F99) 556 (3.50%)
Diseases of the skin and subcutaneous tissue, musculoskeletal system, and connective tissue (L00-L99, MO0-M99) 2,050 (12.90%)
Diseases of the nervous system (G00-G99) 283 (1.78%)
Diseases of the respiratory system (J00-J99) 2,956 (18.60%)
Single body region traumatic injuries non-orthopedic (S00-S391) 1,717 (10.80%)
Orthopedic injury (S40-S991) 2,273 (14.30%)
Unspecified body regions, poisonings, other consequences of external causes, and all other trauma or injury 741 (4.66%)

(TOO-T141, T15-T791)

Note. Only top medical diagnoses that captured >/= 1% of patients were assessed. M, Mean; SD, standard deviation.
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were more likely to report they were satisfied with the ED
facility. Parents who indicated that the staff and care providers
“definitely” did everything they could to help the child with
their discomfort were most likely to be satisfied with their
patient experience in the ED (both P-values <0.001).

We also assessed associations between the two pain
and discomfort management survey items and opioid
administration. Parents of patients administered opioids were
more likely to indicate that staff “definitely” did everything
they could to help with the child’s discomfort (n = 563,
71.60%) than patients who were not given opioids (n = 9898,
65.50%; %2 (4) = 14.54, P = 0.006). Similarly, compared to
parents whose children did not receive an opioid (n = 6152,
40.70%), those whose child received an opioid analgesic were
more likely to indicate that care providers “definitely” did
everything they could to ease their child’s discomfort (n =
340, 43.30%, y2 (4)=11.52, P=0.021).

Multivariable Analysis

A multivariable model (see Table 3) controlling for all
demographic, clinical, and top diagnosis covariates showed
that patients with an acuity score of 1 or 2 (Resuscitation/

administered an opioid analgesic (P = 0.007) were both
associated with a greater likelihood of indicating a positive
facility rating. Interestingly, the administration of non-

opioid analgesics was not associated with parent satisfaction
(P=0.131). Also, parents who reported that staff and care
providers “definitely” did everything they could to help the
child manage their discomfort were more likely to be satisfied
than parents that responded “Yes, mostly,” “Yes, somewhat,”
or “No” (all P<0.001).

We assessed the complex relationships between pain,
opioid administration, and parent satisfaction by estimating
several interaction terms. Findings revealed a significant
three-way interaction of age, pain severity, and opioid
administration (Figure 1, P = 0.007). To decompose the three-
way interaction, simple slopes of the relationship between age
and facility rating were estimated and graphed on the pain
severity moderator at one standard deviation (SD) below the
mean, at the mean, and one SD above the mean for patients
who were and were not administered an opioid analgesic
during their ED stay.” All covariates were controlled for in
this model. For patients not administered an opioid analgesic,
there was no statistically significant relationship between age

Emergent) were more likely to provide a positive ED
evaluation than patients with an acuity score of 4/5 (Less
Urgent/Non-Urgent; P < 0.001). Staying in the ED for a
shorter time (ie, shorter length of stay, P < 0.001) and being

Table 2. Results of bivariate analysis.

and facility rating when pain severity was high (+1 SD; b =
0.01, 95% confidence interval [CI], 0.00, 0.03, p = 0.08] or
moderate (Mean; b = 0.03, 95% CI, 0.02, 0.04, P = 0.07).
However, when pain was mild (-1 SD; b = 0.03, 95% CI, 0.02,

Not Satisfied Satisfied
Variables Levels n (%) or M (SD) n (%) or M (SD) Odds Ratio (95% CI) Chi-square P-value
Acuity Score 1/2 (Resuscitation/ 247 (20.83) 939 (79.17) Reference
Emergent)
3 (Urgent) 1327 (24.07) 4187 (75.93) 0.83 (0.711, 0.966) 0.002*
4/5 (Less Urgent/ 2326 (25.30) 6869 (74.70) 0.777 (0.669, 0.899)
Non-Urgent)
Pain severity - 1.73 (2.61) 1.91 (2.75) 1.026 (1.012, 1.04) <0.001*
Administered No 3735 (24.72) 11374 (75.28) Reference 0.018*
opioids Yes 165 (20.99) 621 (79.01) 1.236 (1.04, 1.477) '
Administered non- No 1926 (25.07) 5757 (74.93) Reference 0.131
opioids Yes 1974 (24.04) 6238 (75.96) 1.057 (0.983, 1.136) '
Did the staff do Yes, definitely 1274 (32.67) 9187 (76.59) Reference
everything they Yes, mostly 1023 (26.23) 1768 (14.74) 0.240 (0.218, 0.264)
could to help your
child with his/her Yes, somewhat 845 (21.67) 730 (6.09) 0.120 (0.107, 0.134) <0.001*
discomfort? No 710 (18.21) 146 (1.22) 0.029 (0.024, 0.034)
Not applicable 48 (1.23) 164 (1.37) 0.474 (0.345, 0.664)
Did the care Yes, definitely 737 (18.90) 5755 (47.98) Reference
providers do Yes, mostly 607 (15.56) 1199 (10.00) 0.253 (0.223, 0.286)
everything they
could to ease your Yes, somewhat 516 (13.23) 458 (3.82) 0.114 (0.098, 0.132) <0.001*
child's discomfort? No 455 (11.67) 94 (0.78) 0.026 (0.021, 0.033)

Not applicable

1585 (40.64)

4489 (37.42)

0.363 (0.329, 0.399)

Note. *denotes statistical significance at the p < 0.050 level.
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0.04, P <0.001) and patients did not receive an opioid, parents
of older patients reported greater satisfaction than parents of
younger patients. Specifically, for patients who did not receive
an opioid, parents of older patients, expressing mild pain, were
the most satisfied with their experience in the ED.

For patients who were administered opioids, a different
pattern emerged. The relationship between age and patient
experience was not statistically significant when pain was
more severe (+1 SD; b =-0.03, 95% CI, -0.07, 0.02, P =0.26).
Thus, for patients experiencing higher levels of pain, patient
age did not impact parent satisfaction. However, when the
level of pain was mild (-1 SD; b= -0.11, 95% (I, -0.19, -0.02,
P =0.01) or moderate (Mean; b =-0.07, 95% CI, -0.14, -0.01,
P =0.02) parents of younger children were more likely to
provide a positive facility rating than parents of older patients.
In other words, pain level did not strongly impact the parent
satisfaction of the youngest patients. These patients were the
most satisfied when their child received an opioid, regardless
of pain severity. In contrast, pain level had an important
influence on the parent satisfaction scores of the oldest
patients who were given an opioid during their ED stay. The
least satisfied group in this sample were parents of 17-year-
old patients who were administered an opioid analgesic,
despite expressing mild pain severity. For example, parents
of the oldest patients (ie, 17-year-olds who were administered
opioids were 9.43% more likely to provide a positive facility
rating when their child was in more severe rather than mild
pain (likelihood rating of 0.922 vs 0.839).

DISCUSSION

Under the conditions of this study, results from the
multivariable regression model revealed that parents of
patients admitted with a resuscitation or emergent acuity score
were more likely satisfied with the ED facility than patients
who were admitted with a less urgent or non-urgent acuity
rating. A multivariable analysis controlling for demographic,
clinical, and top diagnostic covariates showed that opioid
analgesic administration was related with parent satisfaction
in a pediatric ED setting but non-opioid analgesics were
not. Specifically, parents of patients administered an opioid
analgesic were more likely to provide a positive facility
rating compared to parents of patients who did not receive an
opioid. Further, relationships between opioid administration
and parent satisfaction were shown to be multifaceted and
complex, as demonstrated by the significant interaction of age,
pain, and opioid administration. That is, parents of younger
patients who received an opioid were the most satisfied with
their quality of care, regardless of pain severity; whereas
likelihood to provide a positive facility rating substantially
decreased for parents of the oldest patients who were
administered an opioid to manage mild pain. Additionally, it is
important to emphasize that diagnosis (eg, orthopedic injury)
did not impact the pattern of results shown in this study, as the
regression analyses controlled for common medical aliments.

With the current opioid epidemic, rates of pediatric
opioid-related overdose and death continue to increase.*
Markedly, opioid prescribing has been identified as a risk
factor of later misuse®! and persistent use® in pediatric
patients. Emergency medicine has been recognized as one of
the top five specialties that prescribe prescription opioids,’
since most ED visits include the treatment of painful medical
conditions.%” Consequently, concerns over patient satisfaction
might be contributing to this epidemic,''as previous studies
have supported a common belief that administering opioid
analgesics will improve patient experience scores in the ED.!*
16 However, findings from this investigation indicate that
the relationship between opioid administration and patient
experience is more complex than originally believed, and
depends on both the age of the patient and their level of pain.
When older patients experienced severe pain and were treated
with opioid analgesics, parents were satisfied with their ED
experience; but, when these patients were given opioids when
experiencing lower levels of pain, parents were unsatisfied
with the care their child received.

The finding that opioid administration negatively
impacted the patient satisfaction of parents with adolescent
children admitted to the ED with lower levels of pain should
be interpreted in the context of the opioid public health
crisis. Studies with different samples of youth patients show
that adolescence represents a transitional developmental
period characterized by an increase in risky health behaviors,
including illicit substance use experimentation.**3* Given the
link between prescribed opioid use and later misuse shown in
other studies,*! it seems logical to conclude that parents in this
study were dissatisfied with their child’s quality of care when
given opioids for a milder pain condition, as exposing the
patient to opioid medications in the face of milder pain could
represent an unnecessary developmental risk.

This result implies that the administration of opioid
medications does not always improve patient satisfaction, and
that in some situations, it can actually make perceived clinical
care worse. Thus, physicians should consider pain level and
age when making decisions about whether to administer
an opioid medication to pediatric patients. Also, from a
methodological perspective, results of this study highlight the
importance of examining pain, opioid use, and satisfaction
simultaneously in one model, and imply that future studies
should examine and control for all three variables to
understand complex relationship between pain and discomfort
management and patient experience.

LIMITATIONS

Findings should be interpreted in the context of several
limitations. Patients in this study were admitted to the ED of a
single, tertiary pediatric institution; thus, findings might not be
generalizable to all pediatric ED facilities. Parent satisfaction
was measured via self-report. Therefore, parent responses
might be impacted by acquiescence bias. Specifically, parents

Western Journal of Emergency Medicine

1172

Volume 22, No. 5: September 2021



Donaldson et al. Multivariable Model of Parent Satisfaction, Pain, and Opioid Administration in a Pediatric ED

Table 3. Results of multivariate analyses.

Main Effects Odds Ratio (95% ClI) P-value
Age 1.034 (1.022, 1.046) <0.001*
--- 1.034 (1.022, 1.046) <0.001*
Ethnicity
Hispanic Reference
Non-Hispanic 0.644 (0.587, 0.706) <0.001*
Sex
Female Reference
Male 0.9715 (0.892, 1.058) 0.507
Low-income insurance (medicare/medi-cal)
No Reference
Yes 1.834 (1.660, 2.0260) <0.001*
Acuity Score
1/2 (Resuscitation/Emergent) Reference
3 (Urgent) 0.545 (0.450, 0.658) 0.060
4/5 (Less Urgent/Non-Urgent) 0.545 (0.450, 0.658) <0.001*
Length of stay
--- 0.996 (0.996, 0.997) <0.001*
Pain severity
--- 1.034 (0.993, 1.076) 0.105
Administered opioids
No Reference
Yes 3.537 (1.458, 9.089) 0.007*
Administered non-opioids
No Reference
Yes 1.053 (0.963, 1.1535) 0.256
Did the staff do everything they could to help your child with his/her discomfort?
Yes, definitely Reference
Yes, mostly 0.304 (0.272, 0.340) <0.001*
Yes, somewhat 0.177 (0.154, 0.203) <0.001*
No 0.058 (0.047, 0.071) <0.001*
Not applicable 0.614 (0.440, 0.872) 0.005*
Did the care providers do everything they could to ease your child’s discomfort?
Yes, definitely Reference
Yes, mostly 0.515 (0.446, 0.596) <0.001*
Yes, somewhat 0.371 (0.310, 0.444) <0.001*
No 0.157 (0.120, 0.209) <0.001*
Not applicable 0.622 (0.559, 0.692) <0.001*
Interaction Effects Odds Ratio (95% ClI) P-value
Age x opioid administration 0.869 (0.796, 0.947) 0.001*
Age x pain severity 0.996 (0.992, 0.999) 0.023*
Opioid administration x pain severity 0.859 (0.718, 1.0257) 0.095
Age x pain severity x opioid administration 1.022 (1.006, 1.038) 0.007*

Note. ICD 9/10 diagnoses were controlled for in the multivariate model but are not depicted in this table to maintain conceptual clarity.
*denotes statistical significance at the p < 0.025 level.
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Figure 1. Three-way interaction of age, pain severity, and opioid administration on parent likelihood to provide a positive facility rating
controlling for all other demographic, clinical, and top diagnosis covariates. Age by pain severity interactions were graphed for patients
were not given an opioid (left) and for those that were administered an opioid (right).

might have felt pressure to provide a positive ED rating
although the survey was conducted after the parents left

the ED . Information on opioid prescribing after discharge
home could not be obtained, which might have served as a
confounding variable potentially impacting parent satisfaction.
The response rate in this study was 28.9%, which could

have biased findings. However, research suggests a small
association between response rates and nonresponse bias for
surveys such as the NRC health questionnaire.*® Pain severity
was recorded by care providers throughout the patient’s ED
stay; thus, there could have been some error in the way that
pain was interpreted and recorded. Additionally, timeliness of
analgesia administration could not be captured in this study.
Future investigations might assess changes in pain from
triage to discharge to understand how pain management and
medication administration impacts satisfaction.

CONCLUSION

Findings from this investigation point to the multifarious
nature of the relationship between pain severity, opioid
administration, and parent satisfaction, and highlight a potential
conflict in patient-physician interactions at the intersection of
parent satisfaction and controlled substance administration.
Multivariable analyses showed that parents of patients who
were given opioids during their stay in the ED were more
satisfied but that this relationship was also impacted by pain
level and the age of the patient. Parents of older adolescent
patients were dissatisfied with their ED experience when

their child received opioids to treat a milder pain condition.
Although encounters in the ED can be challenging due to

time limitations and physician unfamiliarity with a patient’s
background, our findings and the cited literature suggest that
factors such as patient age, pain, acuity score, and possible risk
of opioid misuse should be considered when administering
opioid medications. Consequently, ED facilities might consider
designing and implementing evidence-based policies and tools
that help physicians quickly determine whether opioids should
be administered for pain management based on the patient’s
characteristics and unique risk of misuse.
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Introduction: Acquiring parental consent is critical to pediatric clinical research, especially

in interventional trials. In this study we investigated demographic, clinical, and environmental
factors associated with likelihood of parental permission for enrollment in a study of therapies for
diabetic ketoacidosis (DKA) in children.

Methods: We analyzed data from patients and parents who were approached for enroliment

in the Pediatric Emergency Care Applied Research Network (PECARN) Fluid Therapies Under
Investigation in DKA (FLUID) trial at one major participating center. We determined the influence
of various factors on patient enrollment, including gender, age, distance from home to hospital,
insurance status, known vs new onset of diabetes, glycemic control (hemoglobin A1c), DKA
severity, gender of the enroller, experience of the enroller, and time of enroliment. Patients
whose parents consented to participate were compared to those who declined participation
using bivariable and multivariable analyses controlling for the enroller.

Results: A total of 250 patient/parent dyads were approached; 177 (71%) agreed to participate,
and 73 (29%) declined. Parents of patients with previous episodes of DKA agreed to enroll
more frequently than those with a first DKA episode (94.3% for patients with 1-2 previous

DKA episodes, 92.3% for > 2 previous episodes, vs 64.9% for new onset diabetes and 63.2%
previously diagnosed but no previous DKA). Participation was also more likely with more
experienced enrollers (odds ratio [95% confidence interval] of participation for an enroller with
more than two years’ experience vs less than two years: 2.46 [1.53, 3.97]). After adjusting for
demographic and clinical factors, significant associations between participation and both DKA
history and enroller experience remained. Patient age, gender, distance of home from hospital,
glycemic control, insurance status, and measures of DKA severity were not associated with
likelihood of participation.

Conclusion: Familiarity with the disease process (previously diagnosed diabetes and previous
experience with DKA) and experience of the enroller favorably influenced the likelihood

of parental permission for enrollment in a study of DKA in children. [West J Emerg Med.
2021;22(5)1176-1182.]
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INTRODUCTION

Research involving human subjects requires informed
consent to be obtained from participants. In human subjects
research involving children, consent is generally obtained from
parents or guardians. The decision-making process involving
consent is complicated, and factors associated with participation
in pediatric clinical research are poorly understood. These
factors may include attributes intrinsic or extrinsic to the
participants, including environmental factors. Understanding
factors associated with successful enrollment has important
implications for research. Reluctance of parents to involve their
children in research studies may limit the researcher’s ability to
enroll sufficient numbers of patients for optimal study validity.
Difficulties in recruiting an adequate number of participants
may impact study feasibility, extend study duration, and increase
costs. Study generalizability may also be impacted by selection
bias if patients with specific characteristics are more likely to
enroll. Understanding factors influencing the consent process is
important for maximizing participation in future trials.

Previous studies have explored the consent process using
surveys, interviews, hypothetical scenarios, focus groups, and
comparisons between enrolled vs non-enrolled patients.!"'® A
Cochrane review concluded that “it is not possible to predict
the effect most interventions will have on recruitment.”'" Most
studies have focused on parental characteristics (eg, education
level or socioeconomic status) or their attitudes and beliefs about
research in general (eg, trust in the investigators or attitudes
about research involving children). We hypothesized that factors
beyond parental characteristics and attitudes, such as aspects of
the enrollment experience, the enroller, and characteristics of the

patient’s illness, might play a role in the decision-making process.

We investigated demographic, clinical, and environmental factors
associated with parental permission to enroll in the Pediatric
Emergency Care Applied Research Network’s (PECARN) Fluid
Therapies Under Investigation in DKA (FLUID) trial.'>!?

METHODS
Overview of Clinical Trial

The current substudy of the PECARN FLUID study was
performed at a single institution, Primary Children’s Hospital
(PCH), between 2011-2015. The hospital was one of 13
participating sites in a large, multicenter pediatric clinical trial,
the PECARN FLUID study.'* The FLUID study compared
intravenous (IV) fluid regimens for treatment of DKA and
demonstrated that there were no differences in neurological
outcomes for children rehydrated with more rapid vs slower
fluid infusion rates, nor for 0.9% NaCl vs 0.45% NaCl
rehydration solutions. The details of the study design and
objectives are outlined elsewhere.'>!* Patients were eligible for
the FLUID study if they were younger than 18 years, presented
with DKA requiring IV insulin, and had a Glasgow Coma Scale
(GCS) score of 12 or higher. The study included children with
previously diagnosed and newly diagnosed type 1 diabetes
(T1D). Only families who were English- or Spanish-speaking

were considered for enrollment. Hospital-based interpreting
services were used for Spanish-speaking families, as needed.

Overview of Enrollment Process

The study was briefly introduced to potential participants
by a pediatric or general emergency physician, or pediatric
emergency medicine fellow. Families that were willing to
consider participation after this brief introduction were then
approached by one of 12 trained research assistants (“enrollers”).
Enroller training included standardized training in bioethics
and good clinical practice as well as study-specific training and
mock practice sessions prior to approaching any participants. All
enrollers were paid employees of the university. Those with less
than two years experience were classified as research assistants
and generally worked 20 hours per week or less. Those with
more than two years experience were classified as research
coordinators and were more likely to work full time (more than
30 hours per week). A total of 12 enrollers (10 female, 2 male)
were used during the course of the study with three of them
moving from research assistant to research coordinator during
the study period. Parents or guardians reviewed the consent form,
and questions were answered by the enroller. Questions unable
to be answered by the enroller were answered by the attending
physician or pediatric emergency medicine fellow.

Data Abstraction

The current study was an unplanned secondary analysis
that involved data abstracted from the health records, the
enrollment debriefing form (used by enrollers to document
interactions with the parents of potential study patients), and
the FLUID trial dataset. Enrollment debriefing forms included
information about the consent experience such as questions asked
by parents/participants, the amount of time spent conducting
consent, the outcome of the consent process, and the enroller’s
comments regarding the consent process. Patient demographic
factors including gender, age, distance of patient’s home from
hospital, and insurance status (categorized as insured, uninsured,
government insurance) were recorded. Distance of patient’s
home from the hospital was calculated using an average distance
based on ZIP code and Google Maps estimate. Calculations of
distance traveled to the hospital assumed that all patients would
be traveling by car, given the very limited public transportation
in the region of the study site. Other clinical factors (new onset
T1D or previously diagnosed T1D, hemoglobin Alc (HbAlc)
in known T1D patients, biochemical indicators of DKA severity,
GCS score at presentation), and environmental factors (gender of
enroller, experience of enroller, time of day) were recorded.

The sample size calculations for the parent study are
described in detail in previous publications.'*! Individual sites
did not have specific quotas to contribute but rather the study
continued until the necessary sample size was achieved across all
sites. We included all available data from PCH in this analysis.

Statistical Analyses
We estimated the overall consent rate and consent rates for
subsets of patients based on patient and enroller characteristics.
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Overall Consent Rate
Total ]170.8%

Gender
Male ] 69.4%
Female 172.2%

Race/Ethnicity

White Not Hispanic or Latino
Hispanic or Latino
Other/Unknown

171.6%
] 68.8%
]166.7%

Distance from hospital (miles by vehicle)
Less than 15 miles

15 to < 30 miles

30 to < 60 miles

60 miles or more

] 70.3%
]69.2%

] 72.3%
] 72.4%

Insurance Status
Government

Non-government
None/Unknown

174.2%
] 69.4%
172.2%

Diabetes/DKA History

New Onset, no previous DKA

Previously diagnosed. no prior DKA
Previously diagnosed, 1-2 prior DKA
Previously diagnosed, 3 or more prior DKA

] 64.9%
] 63.2%

]94.3%
192.3%

-0

ED Evaluation GCS
orless

180.0%
]178.9%

]69.9%

Time of Day
07:00-15:00

]73.0%
] 69.4%
]69.2%

15:00-23:00
23:00-07:00

Enroller Gender
Male ]167.6%
Female ]74.3%

Enroller Experience
2 or more years
Less than 2 years

179.7%

]59.6%

T T T T T
0% 20% 40% 60% 80% 100%

Consent Rate

Figure. Consent rates by patient and enroller characteristics.
DKA, diabetic ketoacidosis; ED, emergency department, GCS,
Glasgow Coma Scale.

We estimated means and standard deviations of continuous
characteristics for patients whose parents consented to
participate and those who declined. We compared patient and
enroller characteristics between groups using logistic regression
models fit using the generalized estimating equation (GEE)
method.'* Multivariable associations between parent/patient
participation and both patient and enroller characteristics were
additionally estimated using multivariable logistic GEE models.
We chose factors for inclusion in multivariable models based
on bivariable associations (P <0.20). All GEE models assumed
exchangeable working correlation among subjects approached
by the same enroller. We estimated unadjusted and adjusted
odds ratios (OR) and 95% confidence intervals (CI) and used a
significance level of 0.05 for all statistical tests. We performed
analyses using SAS/STAT software version 9. (SAS Institute,
Inc., Cary, NC).

The study was approved through the University of Utah
School of Medicine and PCH institutional review boards as
a sub-study to the original, parent FLUID study. Participants
were not re-approached for additional consent to collect data
for this sub-analysis.

RESULTS

Among 250 patients approached for participation in the
FLUID study at PCH, guardians consented to participate in 177
cases (71%, Table 1, Figure). Patient age, gender, insurance
status, distance of the patient’s home from the hospital, severity of
DKA and mean HbA 1¢ (for previously diagnosed T1D patients)
were not significantly associated with enrollment decisions in
bivariable analyses (Table 2). Patients with one or more previous
episodes of DKA were more likely to participate than new onset
or previously diagnosed T1D patients with first episodes of
DKA (OR [95% CI] comparing 1-2 previous DKA episodes to
new onset patients: 8.3 [3.0, 22.8]; and comparing three or more
previous DKA to new onset patients: 5.8 [1.6, 21.1]. Greater
experience of the enroller (more than two years’ experience
enrolling patients in clinical studies) also favorably influenced
participation rates: 2.5 [1.5, 4.0]. The gender of the enroller and
time of day did not significantly influence participation. In a
multivariable model (adjusting for enroller experience, diabetes
and DKA history, and initial pH), diabetes and DKA history
and enroller experience remained significantly associated with
enrollment (Table 2). In that analysis, greater enroller experience
was associated with 2.4 times the odds of participation (95% CI,
1.4, 4.3). Previous episodes of DKA also remained significantly
associated with increased adjusted odds of enrollment.

DISCUSSION

Our data suggest that familiarity with the disease process
substantially influences decisions about enrollment in clinical
research. We found that children with previously diagnosed T1D
and previous episodes of DKA were enrolled at significantly
higher rates than those with first DK A episodes and those with
newly diagnosed T1D. Study participation was also more likely
with more experienced enrollers. Gender of the enroller, time
of day, patient age, gender distance from home to hospital,
glycemic control, insurance status, and measures of DKA severity
did not significantly influence likelihood of enrollment. To our
knowledge, this study is the first to document that familiarity
with the disease process is a strong predictor of likelihood of
enrollment in a research study. Furthermore, some factors that
might intuitively seem likely to influence research participation,
such as the severity of the child’s illness or the differences in the
burden to the family resulting from travel to the hospital, did not
have a substantial effect.

Parental decisions to allow child participation in prospective
clinical trials is complicated by perceptions regarding
“experimentation,” attitudes toward research, altruism, desires
for the best care for their child, and other personal beliefs and
attributes. The research setting often plays an important role in
decision-making. Parents are more likely to endorse research in
the non-emergency setting and perceive emergency research as
more risky.® Parents of children with oncologic and other life-
threatening conditions tend to view the risks of research involving
these conditions less negatively than research involving healthy
children.' Parents’ characteristics also may influence decision-
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Table 1. Patient demographic and clinical characteristics and enroller characteristics.
Overall N (%) or Mean Declined N (%) or Mean  Consented N (%) or Mean

(SD) (SD) (SD)
Total 250 73 177
Age at screening: mean (SD) 10.9 (4.42) 10.5 (4.60) 11.1 (4.34)
Gender
Male 124 (49.6%) 38 (52.1%) 86 (48.6%)
Female 126 (50.4%) 35 (47.9%) 91 (561.4%)

Race/ ethnicity
White, not Hispanic or Latino
Hispanic or Latino
Other / unknown
Distance from hospital (miles)
Less than 15 miles
15 to <30 miles
30 to <60 miles
60 miles or more
Insurance status

Government

Non-government

None/unknown
Diabetes/DKA history*

New onset, no previous DKA
Previously diagnosed, no previous DKA
Previously diagnosed, 1-2 previous DKA

Previously diagnosed, 3 or more
previous DKA

12 month average HbA1c (known T1D only):
mean (SD)*

Initial glucose (mg/dL): mean (SD)
Initial pH: mean (SD)
Initial BUN (mg/dL): mean (SD)
ED Evaluation GCS score

13 or less

14

15
Time of day

07:00-15:00

15:00-23:00

23:00-07:00
Enroller gender*

Male

Female

194 (77.6%)
32 (12.8%)
24 (9.6%)

91 (36.4%)
65 (26.0%)
65 (26.0%)
29 (11.6%)

62 (24.8%)
170 (68.0%)
18 (7.2%)

148 (59.9%)
38 (15.4%)
35 (14.2%)
26 (10.5%)

10.6 (2.3)

531 (154.8)
7.17 (0.11)
16.6 (7.4)

5 (2.0%)
19 (7.6%)
226 (90.4%)

100 (40.0%)
124 (49.6%)
26 (10.4%)

74 (30.2%)
171 (69.8%)

55 (75.3%)
10 (13.7%)
8 (11.0%)

27 (37.0%)
20 (27.4%)
18 (24.7%)
8 (11.0%)

16 (21.9%)
52 (71.2%)
5 (6.8%)

52 (74.3%)
14 (20.0%)
2 (2.9%)
2 (2.9%)

10.6 (2.6)

548 (175.6)
7.18 (0.10)
16.6 (8.7)

1(1.4%)
4 (5.5%)
68 (93.2%)

27 (37.0%)
38 (52.1%)
8 (11.0%)

24 (35.3%)
44 (64.7%)

139 (78.5%)
22 (12.4%)
16 (9.0%)

64 (36.2%)
45 (25.4%)
47 (26.6%)
21 (11.9%)

46 (26.0%)
118 (66.7%)
13 (7.3%)

96
24
33
24

54.2%)
13.6%)
18.6%)
13.6%)

—_— o~~~

10.6 (2.3)

524 (145.2)
7.17 (0.11)
16.6 (6.9)

4 (2.3%)
15 (8.5%)
158 (89.3%)

73 (41.2%)
86 (48.6%)
18 (10.2%)

50 (28.2%)
127 (71.8%)

*Diabetes/DKA history was missing for three declined, HbA1c was missing for six previously diagnosed consented, and enroller gender
was missing for five declined parent/patient dyads.

SD, standard deviation; DKA, diabetic ketoacidosis; HbA7c, hemoglobin A1c; T1D, type 1 diabetes; ED, emergency department; mg/dL,
milligrams per deciliter; BUN, blood urea nitrogen; ED, emergency department; GCS, Glasgow Coma Scale.
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Table 1. Continued.

Overall N (%) or Mean

(SD)

Declined N (%) or Mean
(SD)

Consented N (%) or Mean
(SD)

Enroller experience**
= 2 years
<2 years

187 (79.9%)
47 (20.1%)

38 (66.7%)
19 (33.3%)

149 (84.2%)
28 (15.8%)

**For 11 patients, the family declined to hear more information about the study after the initial introduction to the study by the physician;
enroller experience was undocumented in another five parent/patient dyads who declined consent; these 16 were not included in

analyses of enroller characteristics or in multivariable models.
SD, standard deviation.

making. Higher levels of benevolence and altruism, higher levels
of trust, introversion, lower self-esteem, and less decisional
anxiety and uncertainty are associated with higher likelihood of
research participation.>*>'® Better understanding of randomization
and of the medical system in general are also associated with
higher rates of participation.>

Environmental and study-related factors may also influence
study enrollment. Clarity of information provided, adequacy
of time to make the decision, and the amount of privacy
provided have been previously found to influence enrollment
decisions.? In the current study, enroller experience significantly
impacted likelihood of enrollment. In a survey of parents of
children with T1D, trust in the provider, comfort with consent
by proxy, and ease of understanding of the information were
important factors influencing study enrollment.” These findings
are consistent with our results as more experienced enrollers
typically have increased familiarity and comfort with study
details and methods, contents of informed consent form, and
family interactions during a time of medical crisis. These factors
would allow for a more relaxed, comfortable, and informative
interaction, increasing the likelihood of enrollment. Notably, our
study highlighted that parents who have previous experience
with the condition being studied (DKA or T1D in this study) are
more likely to participate. Factors that might influence parents’
perceptions of their children’s vulnerability (such as severity of
illness and younger age) did not appear to impact enrollment.
Neither did longer distance from home to hospital (with more
inconvenient follow-up) affect likelihood of participation.
These findings have important implications for estimating
participation rates in future research.

LIMITATIONS

The study is subject to several limitations. First, the
focus of the PECARN FLUID trial was to investigate
neurological outcomes of different rehydration strategies in
children with DKA. The study did not include assessments
of parental beliefs or attitudes about research, and data about
some demographic variables that might be of interest, such
as parents’ age, gender, and educational level, were not
recorded. It is therefore possible that factors not assessed
in this study also contributed to parental decision-making
regarding participation. The relatively small sample size of
the study also limited our ability to assess some variables

that might exert a more modest influence on parental
decision-making.

In addition, the current analysis involved a single
study center with a narrower cultural, socioeconomic, and
ethnic range than that of the full cohort of patients in the
multicenter study. The patient population in this sub-study
was predominantly White and non-Hispanic. It is possible that
results may differ in populations with different characteristics,
although most patients with T1D meet this racial/ethnic
profile."” The number of research personnel approaching
patients for enrollment also was relatively small, limiting
our ability to detect some associations between enroller
characteristics and likelihood of consent. In addition, the
data from this study pertains to patients with exacerbations
of a chronic condition. Factors associated with likelihood of
enrollment in studies pertaining to conditions that are unlikely
to recur may differ from those identified in this study. Finally,
the current study was federally funded and enrollers were
highly trained. Factors influencing enrollment in unfunded
studies, which may involve less rigorous enroller training
and be viewed with less confidence by parents considering
enrollment, might differ.

CONCLUSION

Our study underscores the importance of parental
familiarity with the disease being studied and experience
of the enroller in influencing parental decisions regarding
research participation of children. These data have important
implications for future pediatric clinical trial designs and
expectations regarding enrollment to promote successful
completion of study objectives. Additional studies involving
observation of recruitment/enrollment and open-ended
questions about opinions regarding research participation
could be helpful to further explore the observed phenomena.
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Table 2. Unadjusted and adjusted odds-ratio estimates for successful enrollment.*

Characteristic

Odds ratio (95% CI)

Adjusted odds ratio (95% CI)t

Age at screening (per 1 year increase)
Gender
Male
Female
Race/Ethnicity
White, not Hispanic or Latino
Hispanic or Latino
Other / unknown
Distance from hospital (miles)
Less than 15 miles
15 to <30 miles
30 to <60 miles
60 miles or more
Insurance status

Government

Non-government
None/unknown
Diabetes/DKA History
New onset, no previous DKA
Previously diagnosed, no previous DKA
Previously diagnosed, 1-2 previous DKA
Previously diagnosed, 3 or more previous DKA
12-month average HbA1c result (known T1D only) (per 1% increase)
Initial glucose (per 100 mg/dL increase)
Initial pH (per 0.1 increase)
Initial BUN (per 1 mg/dL increase)
ED evaluation GCS score
13 or less
14
15
Time of day
07:00-15:00
15:00-23:00
23:00-07:00
Enroller gender
Male
Female
Enroller experience
2 or more years
Less than 2 years

1.03 (0.96, 1.11)

[Reference]
1.19 (0.82, 1.72)

[Reference]
0.87 (0.42, 1.83)
0.80 (0.42, 1.53)

[Reference]
0.95 (0.48, 1.86)
1.08 (0.61, 1.90)
1.12 (0.63, 2.02)

1.16 (0.78, 1.73)

[Reference]
1.13 (0.35, 3.63)

[Reference]
0.91 (0.53, 1.58)
8.29 (3.01, 22.82)
5.76 (1.57, 21.13)
1.01 (0.83, 1.24)
0.92 (0.83, 1.01)
0.86 (0.72, 1.01)
1.00 (0.97, 1.03)

1.82 (0.33, 10.04)
1.48 (0.60, 3.65)
[Reference]

1.21 (0.57, 2.58)
1.09 (0.49, 2.44)
[Reference]

[Reference]
1.39 (0.71, 2.74)

2.46 (1.53, 3.97)
[Reference]

[Reference]
1.05 (0.49, 2.23)
11.26 (2.55, 49.60)
5.32 (1.37, 20.70)

0.99 (0.86, 1.15)
0.86 (0.69, 1.07)

2.42 (1.37, 4.28)
[Reference]

*Odds ratios and 95% Cls were estimated from logistic regression models fit using generalized estimating equations and controlled
for correlation between subjects approached by the same enroller using an exchangeable working correlation. Odds ratios >1 signify

increased odds of parent/patient consent to participate.

TMultivariable model variables were selected based on unadjusted associations with P <0.20.
ClI, confidence interval; DKA, diabetic ketoacidosis; HbA1c, hemoglobin A1c; T1D, type 1 diabetes; ED, emergency department; mg/dL,
milligrams per deciliter; BUN, blood urea nitrogen; ED, emergency department; GCS, Glasgow Coma Scale.
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Introduction: Ketamine is commonly used to treat profound agitation in the prehospital setting.
Early in ketamine’s prehospital use, intubation after arrival in the emergency department (ED) was
frequent. We sought to measure the frequency of ED intubation at a Midwest academic medical
center after prehospital ketamine use for profound agitation, hypothesizing that intubation has
become less frequent as prehospital ketamine has become more common and prehospital dosing
has improved.

Methods: We conducted a retrospective cohort study of adult patients receiving ketamine in the
prehospital setting for profound agitation and transported to a midwestern, 60,000-visit, Level 1 trauma
center between January 1, 2017— March 1, 2021. We report descriptive analyses of patient-level
prehospital clinical data and ED outcomes. The primary outcome was proportion of patients intubated
in the ED.

Results: A total of 78 patients received ketamine in the prehospital setting (69% male, mean age 36

years). Of the 42 (54%) admitted patients, 15 (36% of admissions) were admissions to the intensive care
unit. Overall, 12% (95% confidence interval [CI]), 4.5-18.6%)] of patients were intubated, and indications
included agitation (n = 4), airway protection not otherwise specified (n = 4), and respiratory failure (n = 1).

Conclusion: Endotracheal intubation in the ED after prehospital ketamine use for profound
agitation in our study sample was found to be less than previously reported. [West J Emerg Med.
2021;22(5)1183-1189.]

INTRODUCTION Ketamine has emerged as a frontline medication in the
Profound agitation is a high-risk medical condition that treatment of profound agitation. Its intramuscular (IM) route
left untreated can progress to hypertension, tachycardia, of administration and short and predictable onset has led to
hyperthermia, and altered mental status and can lead to widespread use in the EMS community.?
rhabdomyolysis. The risk of death due to excited delirium Burnett et al reported that complications such as
syndrome has been reported to be between 8.3%-16.5%.! hypoxia, laryngospasm, hypersalivation, and excessive
Recognition and understanding of the disease have led depth of sedation were common after prehospital ketamine
emergency medical services (EMS) systems to develop administration, and 15% of patients were intubated on
commensurate treatment protocols. emergency department (ED) arrival.® Risk was further
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questioned by a cohort study reporting 63% of cases required
intubation.* A follow-up, prospective study identified 57% of
cases intubated on ED arrival.’

The objective of this study was to measure the incidence
of intubation after prehospital ketamine use. We hypothesized
that intubation has become less frequent as ketamine has
become more routinely used in the prehospital setting and
prehospital dosing has improved.

METHODS
Study Design, Setting, and Sample

We conducted a retrospective cohort analysis of all adult
patients (>18 years) transferred by a single advanced life
support (ALS) ambulance service with a catchment area of 623
square miles to a 60,000-visit midwestern university Level 1
trauma center between January 1, 2017-March 1, 2021. The
service is the sole 911 ALS response agency in the catchment
area transporting all qualifying patients to the study destination.
We based the inclusion date on when EMS started using its
current, discoverable charting system and ended when we
reached our goal sample size according to our sample-size
calculation. All patients receiving prehospital ketamine (ie, on
scene or during transport) for profound agitation were included
in the study. Local protocol allowed for the administration of
3 milligrams per kilogram (mg/kg) ketamine IM for adults
exhibiting concerns of profound agitation.® We obtained data
from the ambulance medical record and the linked receiving
hospital’s electronic health record (EHR) system. The local
institutional review board approved this study under waiver of
informed consent, and the study is reported in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.”

Measurements of Exposures and Covariates of Interest

Data were extracted from medical records by two
investigators using a standardized data collection form.
Both investigators were unblinded (one medical student and
one EMS physician familiar with both the local EMS and
hospital EHR protocols). We entered data into an electronic
database with standard data reporting formats (REDCap,
Vanderbilt University, Nashville, TN).* We selected
prehospital charts based on a search criterion of ketamine
medication administration. From that point, each chart was
reviewed for indication of ketamine administration and was
included in the study if ketamine had been administered for
profound agitation defined as “patient exhibiting behavior
(violent, combative, uncooperative) deemed to present a
danger to self, EMS personnel, or bystanders despite verbal
de-escalation attempts™ per local prehospital protocols.
Ketamine administration was abstracted from the ambulance
medical record with the dose, route, need for redosing, and co-
administration with other medications.

Demographic variables assessed included patient age,
gender, and race. Selected comorbidities from the patients’ past

Population Health Research Capsule

What do we already know about this issue?
Ketamine is commonly used to treat
profound agitation in the prehospital
setting. Early in ketamine s prehospital use,
intubation after arrival in the emergency
department (ED) was frequent.

What was the research question?

What is the incidence of intubation after
prehospital ketamine as it has become more
routinely used in the prehospital setting?

What was the major finding of the study?
Intubation in the ED was found to be less
than previously reported (12%), using
3.1 milligrams/kilogram prehospital
ketamine dose.

How does this improve population health?
Ketamine has been associated with higher
intubation rates rates previously. At

lower doses it may still be an effective and
safe option for prehospital sedation for
profound agitation.

medical histories included schizophrenia, depression, bipolar
disorder, hypertension, asthma, and traumatic brain injury.

The patients’ vital signs during their EMS transport as well

as those measured in the ED were recorded. Blood pressure
was categorized based on systolic blood pressure values (>160
millimeters mercury (mm Hg): hypertensive; 100-160 mm Hg:
normotensive; and <100 mm Hg; hypotensive).

We identified select medications administered in the ED
that may have been associated with the outcome of interest
such as benzodiazepines, opioids, or additional doses of
ketamine. Weight-based dosing was based on EMS dose of
ketamine divided by the actual measured weight obtained
in the ED. Laboratory test results included blood glucose,
lactate, venous blood gas, creatine kinase levels, and blood
alcohol levels.

Outcomes of Interest

The primary outcome was the proportion of patients
intubated in the ED. If patients were intubated, we identified
the primary indication for intubation (eg, agitation, airway
protection, or respiratory failure) from the emergency physician
note in the procedures section under “indication for procedure.”
Secondary outcomes included presence of complications due
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to ketamine (eg, decreased level of consciousness, somnolence,
and need for supplemental oxygen).

Statistical Data Analysis

We reported patient demographics, comorbidities, and
prehospital and ED vital signs descriptively. We estimated
the proportion of patients who were intubated and a 95%
binomial proportion confidence interval (CI) test. The means
and standard deviations of ketamine dosing were calculated,
and mean differences and 95% Cls are reported. We compared
proportions of concomitant administration of benzodiazepines
between intubated and non-intubated patients and reported
relative risks and 95% Cls. Complications due to ketamine were
assessed descriptively. For quality assurance, a 20% random
sample of patients was generated for review of key study
variables including intubation, EMS medications administered,
ED medications administered, and ED disposition. A third
study investigator independently assessed these charts and a
kappa statistic (with 95% CI) was used to measure interrater
agreement within this sample. Analyses were completed using
SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 95 patients received ketamine for profound
agitation during the study period. Of those patients, two
were excluded as they were transported to other receiving
facilities, 14 were excluded because they were minors, and
one was excluded as the patient did not have any patient-level
identifiers. The final study sample included 78 patients who
received ketamine in the prehospital setting for profound
agitation during the study period (Figure). Demographics
and clinical presentations are identified in Table 1, and vital
statistics and laboratory values are presented in Table 2. Most
patients were male (69%) and White (77%). Depression (32%)

Patients receiving ketamine

N=95

Excluded

. Transported to other facilities (N = 2)
»|e Minors (N = 14)
. No patient-level identifiers (N = 1)

A 4

Patients receiving ketamine

N=78

Figure. Flow chart of study sample.

Table 1. Characteristics of patients receiving ketamine in the
prehospital setting.

Demographics and clinical history

Age - mean (SD) 36 (15.3)
Male - N (%) 54 (69.2)
Race - N (%)
White/Caucasian 60 (76.9)
Black/African American 10 (12.8)
Asian 6 (7.7)
Other 2 (2.6)
Previous medical history - N (%)
Bipolar disorder 12 (15.4)
Schizophrenia 8 (10.3)
Depression 25 (32.1)
Other mental health diagnosis 22 (28.2)
Hypertension 11 (14.1)
Asthma 8 (10.3)
Traumatic brain injury 3 (3.9)
Clinical management and outcomes
EMS medication administration - N (%)
Benzodiazepines 13 (16.7)
Other 1 (1.3)
ED medication administration - N (%)
Benzodiazepines 29 (37.2)
Ketamine 7 (9.0)
Other 17 (21.8)
Intubation - N (%) 9 (11.5)
Urine drug screen results’
Amphetamines 21 (41.2)
Opioids 1 (2.0)
Other 11 (21.6)
THC 20 (39.2)
Hospital disposition - N (%)
ICU admission 15 (19.2)
Inpatient admission 27 (34.6)
Discharge 36 (46.2)

Among 51 patients who had a urine

drug screening performed.
ED, emergency department; EMS, emergency medical services;
THC, tetrahydrocannabinol; ICU, intensive care unit.

and other mental health diagnoses (28%) were prevalent in
past medical history.

Overall, 12% (95% CI, 4.5, 18.6%) of patients were
intubated, and indications for intubation included agitation
(n = 4), airway protection not otherwised specified (NOS) (n
= 4), and respiratory failure (n = 1). Possible complications
for ketamine included the need for supplemental oxygen
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Table 2. Vital statistics and laboratory test values for patients
receiving ketamine in the prehospital setting.

N
Measure included"  Mean SD
EMS Vitals
Temperature (°F) 18 99.1 (1.7)
Heart rate (beats per minute) 74 121 (23.2)
Respiratory rate (breaths 67 21 (6.5)
per minute)
Pulse oximetry (%) 66 95.1 (8.5)
Blood pressure?
Hypertensive 29 (37.2)
Normotensive 78 32 (41.0)
Hypotensive 1 (1.3)
Missing 16 (20.5)
ED vitals
Temperature (°F) 75 98.6 (1.2)
Heart rate (beats per 77 108.7 (23.7)
minute)
Respiratory rate 76 20.3 (8.9)
(breaths per minute)
Pulse oximetry (%) 77 95.7 (3.3)
Blood pressure
Hypertensive 21 (26.9)
Normotensive 78 57 (73.1)
Hypotensive 0 (0.0)
Ketamine dosage 74 3.1 (1.1)
administered (mg/kg)
Blood glucose (mg/dL) 74 142.2 (107.1)
Lactate (mmol/L) 25 4.7 (4.8)
Venous blood gas
pH 22 7.3 0.1)
pCO, 22 44.7 (8.1)
pO, 22 99.3 (80.6)
Bicarbonate (mmol/L) 22 20.7 (4.5)
Creatine kinase (U/L) 22 849.2 (943.5)
Blood alcohol level (mg/dL) 66 80.3 (119.8)

"Refers to number of patients with a value reported.

2 Blood pressure was categorized based on systolic blood
pressure values (>160 — hypertensive, 100-160 — normotensive,
and <100 — hypotensive).

SD, standard deviation; ED, emergency department; EMS,
emergency medical services; F, Fahrenheit; mg/kg, milligrams per
kilogram; THC, tetrahydrocannabinol; pCO,, partial pressure of
carbon dioxide; pO,, partial pressure of oxygen; mmol/L, millimoles
per liter; U/L, units per liter; mg/dL, milligrams per deciliter.

(n=9), prolonged decreased level of consciousness (n =
1), and somnolence (n = 1). For patients whose weight had
been recorded in the ED (n = 74), there was no difference

in the average dose of ketamine between intubated (3.1 mg/
kg) patients and non-intubated patients (3.0 mg/kg) (mean
difference = 0.05; 95% CI, -0.68, 0.78). Of those patients
who were intubated, 6 of 9 (67%) had received one or more
doses of a benzodiazepine (not including benzodiazepines to
assist with intubation) in addition to the ketamine either by
EMS (n = 2), in the ED (n = 2), or by EMS and in the ED (n
= 2). Among patients who were not intubated, 31 of 69 (45%)
received additional benzodiazepines overall by EMS (n = 6),
in the ED (n = 22), or by EMS and in the ED (n = 3). Overall,
there was no significant difference in the odds of receiving
concomitant administration of benzodiazepines between
intubated and non-intubated patients (odds ratio [OR]: 1.48;
95% Cl, 0.87, 2.52).

Thirty-six patients (46%) who received ketamine by
prehospital personnel were discharged home directly from the
ED, while 27 (35%) were admitted to the general medical floor
and 15 (19%) required admission to the intensive care unit
(ICU). Of the 15 patients admitted to the ICU, 6 (40%) were
not intubated in the ED and did not require intubation in the
ICU subsequently. The reason for ICU admission in the six non-
intubated patients were concomitant foreign body ingestion (n
= 1); ischemic stroke diagnosed by computed tomography (n =
1); significant anemia (n = 1); decreased mental status requiring
close monitoring but not intubation (n = 1); psychosis with need
for repeated intravenous sedation (n = 1); and hyperglycemia
with concern for possible seizure (n = 1).

The results from the quality assurance review and
interrater agreement are presented in Table 3. Briefly, nearly
all components assessed had 100% concordance.

Table 3. Assessment of 20% sample for interrater agreement
(N =16).

Measure Kappa statistic! 95% ClI

Intubation 1.0 1.0-1.0
EMS medications

Benzodiazepines 1.0 1.0-1.0

Other 1.0 1.0-1.0
ED medications

Benzodiazepines 1.0 1.0-1.0

More ketamine 1.0 1.0-1.0

Other 0.7 0.3-1.0
ED disposition

ICU admission 1.0 1.0-1.0

Inpatient admission 1.0 1.0-1.0

Discharge 1.0 1.0-1.0

"Kappa statistic of 1 presented indicate no discordant pairs
between the two data abstractors.

ClI, confidence interval; ED, emergency department; EMS,
emergency medical services; ICU, intensive care unit.
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DISCUSSION

In our study the proportion of patients intubated after
receiving prehospital ketamine for profound agitation was
lower than previously reported in the literature. Previous
studies showed rates of intubation in the ED after prehospital
ketamine administration at 23%-63%.*>%13 Cole et al found
that 57% of ketamine patients were intubated and over one-
third of those intubations were attributed to one physician and
that the night shift was a prognostic factor of intubation.’ They
acknowledged that several studies that reported prehospital
ketamine use for profound agitation were from their institution
and may have been biased by their local practice variation.*’
In studying our local practice, we found that the ED intubation
proportion after administration of prehospital ketamine (12%)
was much lower than previously reported and there was no
specific association between certain providers or time of day
and intubation proportion.

The lower intubation proportions are important because
the prevalence of agitation in patients presenting to the
ED has been quoted at 2.6%, with 84% requiring physical
restraint and 72% requiring chemical sedation.'* Ketamine
used for the treatment of profound agitation has a quick
onset of action with peak sedation in less than five minutes."
It is an effective sedating agent in the prehospital treatment
of profound agitation with a 90% success rate.’ Its clinical
effectiveness makes it suitable for use in the prehospital
setting but must be weighed against its potential risks
including intubation in the ED.

There may be several reasons why other reports noted
larger proportions of patients receiving ED intubations
after prehospital ketamine for profound agitation. Our
local ambulance protocol suggested that EMS personnel
administer 3 mg/kg doses of ketamine, which was on the
lower end of the dosing scale compared to previous studies.
In the published literature, the mean ketamine doses were
between 4.9-5.3 mg/kg.>!" The mean ketamine dose in
our sample was 3.1 mg/kg. This lower dose as compared
to previous studies may play a role in the decreased, all-
cause ED intubation proportions after prehospital ketamine
administration for profound agitation.

With a lower dose administered, there may be concern
for decreased effectiveness. Upon further investigation of our
patient sample, repeat dosing was needed in seven patients
(9%) suggesting that the majority of patients were sedated
adequately to allow safe transport with one dose (91%). One
previous study used a similar mean ketamine dose (3.0 mg/kg)
to ours, with a decreased intubation proportion of 8.7% while
describing an adequate decrease in agitation with an average
agitation score of 1.25 at five minutes.'® This study had a
smaller sample size (n = 23), and its focus was not to estimate
the proportion of intubated patients but to compare ketamine
to other medications in the treatment of agitation in the ED.
Another study with a lower dose of ketamine (3.8 mg/kg) also
found similar results of decreased intubation proportion of

6.2%."" These previous studies as well as ours, using a lower
dose per kilogram of ketamine, suggest that a lower dose of
ketamine may reduce intubation proportions.

Our reported proportion of patients who required
redosing is similar to the reported proportion in the meta-
analysis by Mankowitz et al.'® In their meta-analysis, they
found that 24.4% of included patients required further
sedation with either additional ketamine, benzodiazepine,
or an antipsychotic. The mean ketamine dose administered
throughout the included literature was 4.9 mg/kg, which was
higher than our observed ketamine dose. This suggests that
despite differing initial ketamine dosages, redosing and the
need for additional sedation occurs and that higher initial
dosage may not prevent the need for redosing.

Looking further at our data, we found no significant
difference in the odds of receiving concomitant
administration of benzodiazepines between intubated
and non-intubated patients (OR: 1.48; 95% CI, 0.87,
2.52). Few other studies have explicitly addressed this;
however, Olives et al did evaluate this concept in their
study and reported similar results with no association
between concomitant administration of further sedating
medications in addition to ketamine and intubation
proportions.* In fact, some reports in the literature have
suggested that benzodiazepines can be used to minimize
emergence reactions.!” However, other studies have refuted
this finding?® and have shown that benzodiazepines cause
suppression of ketamine metabolism,?! which prolongs
ketamine recovery time in addition to the dose-dependent
respiratory depression that benzodiazepines cause.?? Our
findings suggest that the addition of benzodiazepines to
ketamine in the treatment of profound agitation does not
increase the risk of intubation when compared to ketamine
administration alone.

Cole et al found that the most common indication for
intubation was “airway unprotected NOS,” which they
identified as vague and suggested that there were other
deciding factors, such as Glasgow Coma Scale (GCS),
driving the decision to intubate.’ Ketamine produces a
catatonic-like state in patients* while having the unique
properties of retained airway reflexes, hemodynamic
stability, and maintenance of spontaneous respirations.**
Previously, emergency physicians may have observed a
patient under the effects of ketamine with a GCS of <8
and intubated these patients solely due to decreased GCS
when, in fact, a decreased GCS as a primary indication for
intubation has been refuted.”

Another association that had been previously noted
was the risk of intubation and time of day as well as the
emergency physician performing the procedure. Cole et
al found that one-third of their recorded intubations were
attributed to one physician and that the night shift was a
prognostic factor of intubation.’ In our sample size, we
did not see similar results. A later time of day (9 pm — 7
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AM) occurred in four out of nine intubations, an additional
four intubations occurred between 7 AM — 3 PM, and one
intubation occurred between 3 pm - 9 pM. With regard to
physicians at our facility, only two of the nine intubations
were performed by one physician and the indication for
intubation in both was agitation.

Prehospital use of ketamine for profound agitation
has previously been associated with heterogenous results
such as hypoxia, hypersalivation, and high intubation
rates®’; however, our study has shown that few prehospital
ketamine patients require endotracheal intubation. This
finding suggests that prehospital personnel can more
comfortably consider the use of ketamine in the treatment
of profound agitation while they customize their care to
individual patients, give lower doses of ketamine, and avoid
concomitant doses of benzodiazepines.

LIMITATIONS

There are several limitations to consider. First, as a
retrospective study there may be unmeasured confounding
variables. Details of the prehospital presentation were often
incomplete, and we could only measure associations and not
causation. Being limited to only what was documented in the
EHR, we were unable to obtain in-depth description of the
patients’ mental status longitudinally during their ED stay. The
low frequency of profound agitation occurrence and limited
availability of cases restricted our sample size and thereby
limit our ability to make broad, generalizable conclusions. In
addition, as a single-center study, our results may only infer
local practice variations.

Another limitation is that we were unable to directly
discuss the indication for intubation and the details of
decision-making behind intubation after prehospital ketamine
administration for profound agitation, as was done in a few
other studies. Due to the retrospective design of our study, we
were unable to have such conversations with the emergency
physicians performing the intubations to have this insight.
This led to less knowledge of the circumstances driving the
decision to intubate. Lastly, chart review was performed
by two people, and only a 20% sample was reviewed for
interrater agreement. Because our criteria for inclusion and
outcomes were objective (ketamine use vs not, intubation
vs not, disposition type, medications administered) this
objectivity decreases this risk but does not eliminate it.
Review of the interrater agreement with high concordance
across several measures alleviated concerns associated with
manual data extraction.

CONCLUSION

The incidence of intubation after prehospital ketamine in
this single-center, retrospective review was found to be less
frequent then previously reported. This result may be because
ketamine has become more routinely used in the prehospital
setting with decreased prehospital dosing.
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Introduction: In this study we aimed to determine the rate of traumatic abnormalities on cervical
spine magnetic resonance imaging (MRI) after a normal cervical spine computed tomography (CT)
in older patients with ground-level falls. We hypothesized that MRl is low yield following a normal
physical examination and normal CT after a ground-level fall.

Methods: This was a retrospective cohort study of patients 65 years and older evaluated with a
cervical spine MRI following a ground-level fall. Inclusion criteria included age 65 years and older,
ground-level fall, normal cervical spine CT followed by a cervical spine MRI. We abstracted data
following accepted methodologic guidelines. Patients with any focal neurological finding were
considered to have an abnormal neurological examination. Imaging studies were considered to be
abnormal if there was a report of an acute traumatic injury. The primary outcome was a traumatic
abnormality identified on MRI. We described data with simple descriptive statistics.

Results: Eighty-seven patients with a median age of 74 (interquartile range [IQR] 69, 83]) years had
an MRI following a normal cervical spine CT. Median emergency department length of stay was 8.2
hours (IQR 5.3, 13.5). Sixty-four (73.6%) patients had a normal neurological examination on arrival;
eight of these patients (12.5% (95% confidence interval [Cl], 5.6-23.2%) had an abnormal cervical
spine MRI. Twenty-three patients (26.4%) had an abnormal neurological examination on arrival;

two of these patients (8.7%, 95% ClI, 1.1-28%) had an abnormal cervical spine MRI. Overall, 10
patients (11.5%) had an abnormal cervical spine MRI. One patient underwent operative intervention
due to an unstable injury. Of the remaining nine patients with acute findings on cervical spine MRI,
there were no other unstable injuries; two patients were managed with cervical orthosis, and seven
patients had no additional management.

Conclusion: In this study of older patients with ground-level falls and normal, atraumatic, cervical
spine CT, a small portion had traumatic abnormalities on MRI, with few requiring further intervention.
Further study is required to identify criteria to determine when MRI should be performed in older
patients after a ground-level fall. [West J Emerg Med. 2021;22(5)1190-1195.]

INTRODUCTION acute cervical spine injury can be challenging due to

As the population ages, ground-level falls in older pre-existing neurologic deficits, frailty, and cognitive
adults are an increasing presentation to emergency impairment. Furthermore, degenerative and osteoporotic
departments (ED).!? These visits are costly and often changes frequently occurring in the elderly make cervical
involve extensive diagnostic evaluations.® Evaluating older  spine radiographic interpretations difficult. These factors
patients following a ground-level fall with a suspected along with limited research contribute to uncertainty in the
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appropriate radiologic evaluation of the cervical spine in
this population.

Previous studies have evaluated the incidence of positive
cervical spine magnetic resonance imaging (MRI) findings
after negative cervical spine computed tomography (CT)
in the general trauma population with mixed results.* The
incidence of clinically significant injuries identified on a
cervical spine MRI after a negative cervical spine CT is
very low in both alert and obtunded patients.® Several
studies have concluded that the routine use of cervical spine
MRI after a negative cervical spine CT is not cost effective
and not recommended.*”® Recent studies evaluating the
utility of cervical spine MRI after a negative cervical spine
CT have focused on the general trauma population with
substantially younger patients and all trauma evaluations,
and have variably defined clinically significant cervical
spine injuries.”"* These studies found little benefit in cervical
spine MRI after a negative cervical spine CT in the general
trauma population; however, results from these studies may
not be generalizable to older patients who have fallen. The
appropriate imaging pathway for evaluating the cervical
spine of older patients with low velocity, ground-level falls
remains unknown.

We sought to determine the rate of acute traumatic
abnormalities on cervical spine MRI after a normal
cervical spine CT in older patients following a ground-
level fall. We hypothesized that a cervical spine MRI is
low yield and therefore unnecessary in older patients with a
normal physical examination on initial, or repeat, physical
examination, following a normal cervical spine CT after a
ground-level fall.

METHODS
Study Design

This was a retrospective, observational cohort study using
data from the site’s electronic health record (EHR). The study
was approved by the institutional review board.

Study Setting and Population

The study site is an urban, academic, Level I trauma
center. The annual ED volume is approximately 66,000 adult
patients. The trauma service admits approximately 3500
patients annually. Inclusion criteria consisted of patients 65
years of age and older who had a ground-level fall with a
cervical spine CT without evidence of an acute injury and
then underwent sequential cervical spine MRI. Exclusion
criteria included interfacility transfers, prisoners, patients
without falls, those being evaluated for advanced malignancy
or other established pathology, or whose initial CT showed
an acute injury.

Study Protocol
We identified eligible patients from an EHR search
for cervical spine MRI orders placed in the ED from May

Population Health Research Capsule

What do we already know about this issue?
Older patients sustain significant cervical spine
injuries after ground level falls. The optimal
pathway for evaluating the cervical spine of
older patients who have fallen is unknown.

What was the research question?

Is a negative computed tomography (CT)
sufficient to exclude clinically significant
injuries in older patients who have fallen?

What was the major finding of the study?
Magnetic resonance imaging (MRI) in older
patients who have fallen is generally unnecessary
after a normal, atraumatic CT scan.

How does this improve population health?
MRI after a normal cervical spine CT scan
rarely contributes clinically significant
information in older patients after a fall and
adds time and expense to the emergency
department stay.

23,2017-May 22, 2019. The following elements were
directly extracted from the EHR: gender; age; date and

time of presentation; and MRI cervical spine order. The

EHR was manually reviewed for inclusion and exclusion
criteria; 341 patient charts were reviewed, and 87 patients
met the final criteria. Manual abstraction of data from the
EHR followed the Gilbert methodologic guidelines.'*'> The
primary abstractor was trained prior to data abstraction, and
investigators met after abstracting 10 charts for abstraction
review. The following elements were manually abstracted
from the EHR using a standardized form designed a priori:
ground-level fall; trauma team activation; midline cervical
spine tenderness; documentation of focal neurological deficit;
history of cognitive impairment; altered mental state; evidence
of intoxication; Charlson Comorbidity Index including
anticoagulation use; CT and MRI reports; hospital admission;
outcomes; and cervical spine interventions.'® Clinical findings
not explicitly stated as present were considered absent. We
calculated ED length of stay, Injury Severity Score (ISS)

and revised trauma score from data directly and manually
abstracted from the EHR.

Ground-level falls were defined as falls from standing,
falls from less than three feet or fewer than five stairs.
Imaging studies were considered to be normal if there was no
evidence of any acute traumatic injury on the radiology report.
We defined an abnormal MRI as any acute traumatic injury
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including acute fracture, spinal cord injury, or ligamentous
injury on MRI report. I.’atle.nts with any focal neurological Cenvical Spine MR ordered
finding on initial examination were considered to have an in the £0 N=341
abnormal neurological examination, and patients with no - No Ground Level
Y Fall N=190

focal neurological findings were considered to have a normal
neurological examination.

One reviewer who was blinded to the study’s hypothesis
abstracted patient data for all outcomes. An independent
reviewer randomly selected 20 charts to measure abstractor
reliability. Study data were collected and managed using
Research Electronic Data Capture tools (REDCap, Vanderbilt
University, Nashville, TN) hosted at the University of
California, Davis.'”!® The primary outcome was any acute
traumatic injury identified on the cervical MRI.

Data Analysis

We desctibe data with simple descriptive statistics.
Continuous data are described with the median and interquartile
range (IQR). We calculated 95% confidence intervals (CI)
where appropriate. Inter-rater agreement for duplicate data
abstraction was measured with the kappa statistic.

RESULTS

A total of 341 older patients underwent cervical spine
MRI imaging ordered in the ED during the 24-month study
period. This study included 87 patients who met all the
inclusion/exclusion criteria (Figure); there were no duplicate
encounters. The median age was 74 (IQR 69, 83) years,
and 48 (55%, 95% CI, 44-66%) were female. The median
ED length of stay was 8.2 (IQR 5.3, 13.5) hours. Overall,

72 patients (82.75%) received a trauma team activation on
ED arrival. Indications for cervical spine MRI were not
consistently documented in the EHR.

A total of 64 patients (73.6%) presented with a normal
neurological examination, and eight (12.5% [95% CI, 5.6-
23.2%]) of these patients had an abnormal cervical spine MRI
(Table). There were 23 patients (24.6%) presenting with an
abnormal neurological examination; two of these patients had
an abnormal cervical spine MRI (8.7%, [1.1, 28.0%]). All
injuries identified by MRI were ligamentous injuries of the
cervical spine.

One patient (1.1%) was ultimately diagnosed with an
unstable cervical spine injury and received the highest level
trauma activation on arrival to the ED for mild weakness in
the upper extremities and severe bilateral lower extremity
weakness. Initial cervical spine CT did not show evidence
of an acute injury. Cervical spine MRI revealed radiologic
evidence of a central cord syndrome with a large C4 disc
protrusion with cord compression and edema. The patient
subsequently underwent a C3-C6 laminectomy. In the other
22 patients with an initial abnormal neurological examination,
the initial focal deficit either resolved or was found to be non-
acute/chronic. Inter-rater agreement for duplicate abstraction
ranged from kappa = 0.47 (moderate) to 1.0 (perfect).

Ground Level
Fall N=151

Y

Not an
interfacility
transfer N=103

Y

Initial CT
cervical spine
N=95

Y

Initial CT
cervical spine
without acute

injuries (normal)
N=87

Y

“Initial Neurological
Examination

Normal—~—Abnormal—
Y

Focal
neurological
examination

Non focal
neurological
examination

Transferred as
an interfacility
transfer N=48

No initial CT
Cervical Spine
N=8

Initial CT
cervical spine
with acute injury
(abnormal) N=8
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- N 7‘ N r '7 -
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N=8 N=56 N=2 N=21
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Aspen Collar N=2 N=1
No other treatment
N=6

Figure 1. Flow diagram for chart review.

DISCUSSION

No other reatment

Despite the large number of older adults who fall and are
evaluated in health systems, the best pathway for evaluating
potential injuries of the cervical spine of older patients
with low-velocity, ground-level falls remains unknown.
Extrapolating results from younger trauma patients suffering
from all types of mechanisms to older patients after ground-
level falls is inappropriate. In our small retrospective sample
we found that traumatic abnormalities on cervical spine
MRI were uncommon after a normal cervical spine CT,
challenging the utility of performing a cervical spine MRI
following a normal cervical spine CT. We evaluated a variety
of variables, including ambulation prior to arrival, cognitive
impairment, initial focal neurological deficit, intoxication, and
midline cervical spine tenderness, but none were associated
with an abnormal cervical spine MRI. The trauma team
activation pathway prioritizes patients receiving anticoagulant
medications, and almost all the patients in this study were
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Table 1. Patient characteristics of cervical spine magnetic resonance imaging ordered from the emergency department following a

ground-level fall.

MRI without acute injury (n =77) MRI with acute injury (n = 10) Difference in rates/means (95% ClI)

Patient characteristics

Age (years) 76.3
Female gender 42 (55%)
Charlson Comorbidity Index 8.2
Injury severity score 8.1
Revised trauma score 7.9
History
Cognitive impairment 17 (22%)
Anticoagulant medications 30 (39%)
Do not resuscitate 11 (14%)
Ambulatory after fall 25 (32%)
Physical Examination
Intoxicated 5 (6%)
Midline C-spine tenderness 29 (38%)
Altered mental status 15 (19%)
Focal neurological deficit 21 (27%)
ED Evaluation or treatment
Trauma team activation 62 (81%)
Sedatives administered 28 (36%)
Head CT 70 (91%)
Interventions
Operative stabilization 0 (0%)
Cervical orthosis 0 (0%)
Additional C-spine intervention 0 (0%)
Outcomes
Under-triage 0 (0%)
ED length of stay (hours) 9.7
Admission 68 (88%)

Discharged alive 77 (100%)

78.2 1.9 (-4.0, 7.7)

6 (60%) 5% (-27, 38%)
9.6 1.4 (-0.7, 3.5)
10 1.8 (-1.2,4.9)

8 0.1 (0.1, -0.4)
2 (20%) 2% (-29, 24%)
6 (60%) 21% (-11, 54%)
1(10%) -4% (-24, 16%)
2 (20%) 12 (-39, 14%)
1(10%) 4% (-16, 23%)
5 (50%) 12% (-20, 45%)
0 (0%) -19% (-28, -10%)
2 (20%) 7% (-34, 19%)

10 (100%) 19% (10, 28%)

1 (10%) -26% (-47, -5%)
9 (90%) -1% (-21, 19%)
1 (10%) 10% (-9, 29%)
2 (20%) 20% (-5, 45%)
0 (0%) 0

0 (0%) 0

12.7 3.0 (-1.4,7.5)

9 (90%) 2% (-18, 22%)
10 (100%) 0

MRI, magnetic resonance imaging; C-spine, cervical spine; ED, emergency department; CT, computed tomography.

Continuous data reported as a mean.

Under triage = Injury Severity Score >16 and no trauma team activation.

initially evaluated after trauma team activation. As expected in
this older age group, many patients had degenerative changes
identified on cervical spine CT probably contributing to
cervical spine MRI requests.

One patient presented with clinical evidence of an
unstable cervical injury; the cervical spine CT did not show
acute injuries, even on repeat radiological interpretation,
and the MRI revealed a large C4 disc protrusion with cord
compression and edema. The patient ultimately underwent
operative stabilization for this injury.

Patients with acute traumatic injuries on cervical spine
CT routinely undergo MRI for further injury delineation
and evaluation of the spinal cord. In addition, cervical spine

MRI continues to be recommended in obtunded patients

after a nondiagnostic cervical spine CT if concerns for a
cervical ligamentous injury exist.'” The EAST trauma practice
guidelines for advanced imaging and cervical spine clearance
in obtunded trauma patients, however, were recently revised,
recognizing that high-quality CT identifies the majority of
clinically significant injuries and noting that injuries found
only on MRI are of uncertain clinical significance.?® This
recommendation questions the utility of MRI after a normal
CT. Older patients with dementia are usually not obtunded
and can identify and communicate tenderness when carefully
examined. The process of obtaining a cervical spine MRI in
any trauma patient is complicated by prolonged cervical spine
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precautions, claustrophobia during the scan and, typically,
delays in disposition while the MRI is obtained and resulted.
Sedation was provided to one-third of this study’s patients
during their ED stay, in many instances to facilitate cervical
spine MRI. Sedating elderly patients should be avoided when
not necessary as complications may occur.

Clinical decision rules can be used to distinguish between
those who require advanced imaging and those who do not,
but decision rules often exclude older patients.?'*> Because
older patients may experience significant injuries following
ground-level falls, caution is warranted, and decision rules
may not perform as well in older patients following a fall as
they do in younger patients.?*?** This has generated concerns
that decision rules should be modified to better recognize
injury patterns in older adults.?*’

In the current study, the reasons for an adjunctive cervical
spine MRI being ordered after a normal cervical spine CT
were not well documented. Almost all our patients received a
trauma team evaluation on arrival, as the activation pathway
prioritizes trauma patients receiving anticoagulation. Most of
the patients were admitted to the hospital, despite low ISS.

In this study population, baseline cognitive impairment was
uncommon, few patients had an altered mental state, and very
few patients were found to be intoxicated. A large minority
of patients were documented to have midline cervical spine
tenderness. Nearly a quarter of patients had a neurological
deficit on initial examination, which was often the initial
trauma examination in the resuscitation room, focused on
identifying traumatic injuries. Many of these neurological
deficits, however, either resolved or were found to be non-
acute and did not contribute further to the admission.

There is no literature to support any specific approach to
imaging potential cervical spine injuries in older patients with
pre-existing neurological deficits such as prior cerebrovascular
accidents, and this remains an area of future research. In older
patients with ground-level falls, following a normal cervical
spine CT, the patient should be carefully re-examined focusing
on midline cervical spine tenderness and focal neurological
deficits. If these signs and symptoms have resolved, or found
to be non-acute, then cervical spine MRI is unlikely to benefit
the patient and is not recommended.

LIMITATIONS

This was a retrospective medical record review and
subject to the limitations of this methodology. We followed
the Gilbert methodologic guidelines for retrospective medical
record review to limit the introduction of bias.'*'* In addition,
this was a single-site study with a small sample size, limiting
the generalizability of the findings. Furthermore, indications
for cervical spine MRI were not defined and not consistently
recorded in the EHR. Patients with similar mechanisms
and ages did not all proceed with advanced imaging of the
cervical spine, and some of these patients may have had MRI
abnormalities if imaged. Although distracting injuries were

not specifically identified in this review, all patients were
ultimately discharged, and low ISS suggest the absence of
other substantial injuries.

CONCLUSION

In this study of older patients with ground-level falls
and normal cervical spine CT, a small portion had traumatic
abnormalities on MRI, with very few patients requiring further
intervention. Further study is required to identify criteria to
determine when cervical spine MRI should be performed in
older patients after a ground-level fall.
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Reducing cost without sacrificing quality of patient care is an important yet challenging goal for
healthcare professionals and policymakers alike. This challenge is at the forefront in the United
States, where per capita healthcare costs are much higher than in similar countries around the
world. The state of Maryland is unique in the hospital financing landscape due to its “capitation”
payment system (also known as “global budget”), in which revenue for hospital-based services

is set at the beginning of the year. Although Maryland’s system has yielded many benefits,
including reduced Medicare spending, it also has had unintentional adverse consequences. These
consequences, such as increased emergency department boarding and ambulance diversion,
constrain Maryland hospitals’ ability to fulfill their role as emergency care providers and act as a
safety net for vulnerable patient populations. In this article, we suggest policy remedies to mitigate
the unintended consequences of Maryland’s model that should also prove instructive for a variety of
emerging alternative payment mechanisms. [West J Emerg Med. 2021;22(5)1196—1201.]

Maryland’s Unique Hospital Financing System that Caps
Revenue, Incentivizing Cost Savings

For over 40 years, Maryland’s hospitals have occupied a
unique niche in the US healthcare financing landscape. Under
a Medicare waiver in 1977, Maryland began setting the prices
hospitals can charge for services, known as an all-payer rate-
setting system, with all third parties paying the same rate. In
2014 the Centers for Medicare and Medicaid Services (CMS)

Model.” This reform continues the global budgeting system
while adding new programs to incentivize collaborations
between hospital and non-hospital providers, as well as
expands the role of primary care providers in prevention,
chronic disease management, and reduction of unnecessary
hospital utilization.!”

In principle, the global budget is relatively simple; in
practice, the financing mechanism is dynamic and requires

and the state of Maryland announced a new model that limits
per capita expenditures for hospital services, with the aim to
incentivize more deliberate spending decisions, to use hospital
resources more efficiently, and improve quality of care.
Maryland converted from a regulated fee-for-service model

to a quasi-state-managed capitated payment system, ie, global
budget, in which revenue for hospital-based services is set at
the beginning of the year. In 2019 the state of Maryland and
CMS agreed to reform the concept as the “Total Cost of Care

careful monitoring by the state’s regulatory body, the Health
Services Cost Review Commission (HSCRC).* The HSCRC
manages the global budget across a number of domains to
ensure hospital revenue is distributed accurately, regularly
adjusting for factors such as “changes in service levels, market
share shifts, or shifts of services to unregulated settings.”

In addition, payment based on a variety of quality metrics

can increase or decrease hospital revenue. Managed at a

state rather than a federal level, these quality metrics can be
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adjusted for local or state needs and may differ from metrics
familiar to the rest of the country.b

Since implementation, Maryland’s model has slowed
Medicare spending in the state’s hospitals compared to the
rest of the nation.” Maryland hospitals achieved this reduction
through cost savings, shifting care to the outpatient setting,
increasing hospital investment in care coordination, targeting
potentially avoidable admissions, and minimizing wasteful
use of resources.*® Maryland’s global budget system, which
shifts financial risk from payers to hospitals, is designed
to incentivize cost savings through efficient use of hospital
resources. Unfortunately, inefficiencies may be difficult for
hospital administrators to identify and address in practice.
Instead, hospitals may respond to global budget incentives
by taking an easier and more predictable approach: allocating
fewer “capitated” funds to services with high cost-saving
potential (such as 24/7 staffed inpatient beds). This is
the opposite of the incentive structure under a traditional
fee-for-service model, where an empty bed represents an
opportunity for additional revenue. Absent compensatory
policy guardrails, this response to global budget incentives can
be expected to have downstream negative consequences on
outpatient services with less cost-saving potential such as the
emergency department (ED).

Hospital Cost Savings May Unintentionally Contribute
to Emergency Department Boarding and Ambulance
Diversion

Well-intended interventions often come with unintended
consequences after implementation in the real world. Hospital
funding is no exception. While Maryland’s global budget
model has helped slow the growth of healthcare costs, it has
also impacted access to timely emergency care.

First, ED boarding causes reduced access to emergency
services. “Boarding” occurs when patients admitted to
the hospital wait in the ED until a staffed inpatient bed is
available. The consequent crowding of the ED delays the
evaluation of newly arriving patients. “Crowding” occurs
when patients’ needs exceed available ED resources.
Maryland has historically had high rates of ED boarding
compared to other states (mean of 6 vs 5 hours in 2014).°
Still, these metrics worsened after the implementation of the
capitation system.

Between 20142018, the cumulative change in average
time admitted patients boarded in the ED increased by an
average of eight minutes annually in Maryland, whereas it
decreased by an average of four minutes annually in other
parts of the country (Figure 1). A recent study concluded that
the global budget resulted in a statistically significant increase
in ED boarding.'® This is unlikely to have been due to changes
in utilization, as ED visits per 1000 residents decreased from
2012 to 2017 in Maryland."! Another recent study indicated
that the global budget led to modest declines in ED utilization
the year after implementation in Maryland.'? Increased

Minutes
o

Maryland global budget transition

===\aryland ~ ====Other States

Figure 1. Cumulative absolute change in time from emergency
department (ED) arrival to ED departure for admitted ED patients
since 2013.

Note. Emergency department boarding was 367 minutes in
Maryland and 295 minutes in all other states, in 2012. Source:
Hospital Compare.®

ED boarding in Maryland since 2014 coincides with the
payment structure change and places the state on a divergent
trajectory from other states, where boarding has been stable or
decreasing over the same period.

Second, ED boarding affects not only patients already in
the hospital, but those with emergencies outside the hospital
as well. Hospitals place themselves on “diversion” status
when the hospital and/or ED are overloaded. The emergency
medical services (EMS) system may place a hospital on
“re-route” status if ED crowding prevents ambulances from
quickly unloading patients. These statuses signal EMS
providers to take patients to another hospital, even if the
initial hospital is closer or the patient has a previous care
relationship there.

The Maryland Institute for Emergency Medical Services
System (MIEMSS) has a tracking system that uses “yellow”
alerts to indicate a facility is overwhelmed and unable to
receive patients in urgent need of medical evaluation, and
“red” alerts to indicate there are no available monitored beds
in the hospital (including telemetry and critical care). While
MIEMSS defines criteria for alerts, hospitals are responsible
for placing themselves on and off alert, and not all hospitals
follow the criteria in the same way.'? There is, therefore,
variability in the use of these statuses when one compares
hospital to hospital. However, hospital policies are unlikely
to change very much across years. Total diversion hours are
a good measure of state ED availability, and relative changes
in diversion hours are likely a good proxy for trends in ED
crowding. Re-route assignment, which is largely controlled
by EMS and not by the hospitals, provides an alternative
mechanism to measure ED crowding.

The average total hours of yellow and red alert diversion
status in Maryland rose by 23% and 32%, respectively, after
the implementation of the global budget in 2014. Similarly,
EMS-designated re-route diversion times have grown by 32%
in the same period (Figure 2). Higher rates of diversion disrupt
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Figure 2. Cumulative absolute change in ambulance diversion
time by diversion type in Maryland since 2013.

Note. Diversion hours were yellow alert =17,377, red alert = 7648,
and re-route = 1396 in 2012.

Source: Maryland Institute for Emergency Medical Services
Systems. ™

continuity of care and have been associated with delays in
hospital arrival and increased mortality.'*

Emergency Department Boarding and Ambulance
Diversion Have Significant Negative Consequences on
Patient Care

The ED plays a critical function in the healthcare system.
With 24/7 access to a hub of medical services, the ED is an
entry point to the hospital for critically ill and injured patients
and serves as the safety net for patients facing barriers to care
in other parts of the system. Promptly transitioning patients
from the ED to an inpatient setting allows new ED patients to
be evaluated and admitted patients to have their care assumed
by appropriate specialists and tertiary care teams. Delays in
transitioning patients, as well as boarding admitted patients in
the ED, result in increased ED crowding, itself a significant
threat to patient safety and equity. This crowding in turn
can lead to ambulance diversions and decreased access to
emergency care.

An expanding body of evidence demonstrates the
significant burden that ED boarding places on both individual
patients—through delayed inpatient care and medical errors—
and the hospital system through ambulance diversions. A 2018
systematic review of ED boarding found that nearly every one
of the 102 reviewed studies observed worse quality of care for
boarding patients,'® including delays in patient assessment and
definitive treatment for conditions such as sepsis, pneumonia,
myocardial infarction, and fractures.!®!® Medical errors are
more common, and mortality rates are higher for patients
admitted to the hospital when the ED is crowded.'” Crowding
exacerbates health disparities by disproportionally impacting
patient populations with barriers to care outside the ED,
including patients who are poor, minorities, immigrants, and
those insured by Medicare or Medicaid.?’ Finally, boarding
impairs an ED’s ability to respond to unexpected disasters that
cause a large number of individuals to become ill or injured.

Just as the boarding patients themselves are negatively
affected, so too are other patients in the ED awaiting workup
and disposition. Although practices vary among hospitals and
admitting services, it is common for the ED to retain some or
most of the responsibility for patients who are admitted to an
inpatient service but boarding in the ED:

* ED nurses monitor these patients’ clinical status and

administer their medications.

* ED providers must remain aware of boarding patients’
clinical status and sign out their presence and needs at
every shift change.

* In some cases, ED providers still place the patients’
orders and perform the necessary procedures for their
care until the patient is physically transferred.

* ED staff receive calls from family members, lab
technicians, and imaging specialists regarding
boarding patients.

This responsibility impacts other ED patients as it places

a burden on ED staff to care for both new patients as well as
admitted patients, delaying evaluation and management for all
ED patients.

Patients waiting to be seen may also choose to leave the
ED without full evaluation and treatment. Not only is this
an important quality metric for EDs, but patients who leave
without being seen are at higher risk for adverse outcomes.?!
Patient privacy, confidentiality, and satisfaction are also
negatively affected.!®

Discussion and Future Directions

The Maryland global budget approach is designed
to incentivize cost savings from efficient use of hospital
resources with a focus on population health. While cost
savings is an essential component of managing growth in
health expenditures, action must be taken to ensure that
hospitals’ cost-saving initiatives do not adversely affect access
to emergency services and patient care.

Given the established relationship between a shortage
of available staffed inpatient beds and ED boarding, it is
necessary to examine how the cost-saving incentives of
Maryland’s global budget system relate to hospital bed
availability.” The lack of a bed can be the result of either
infrastructure or staffing limitations. Infrastructure limitations
imply too few beds in the system and can only be resolved
by limiting admissions or adding beds. Staffing limitations,
on the other hand, often result from hospital administrators’
decision to balance bed availability with labor costs; this type
of bed shortage is both more theoretically likely to result from
the incentives of a global budget system and more amenable
to rapid re-evaluation and correction. Of note, boarding
should not be confused with deliberately keeping patients in
outpatient observation status.

Both the HSCRC and MIEMSS have recognized ED
boarding as a problem in Maryland. Since part of Maryland’s
formula for hospital payment is based on individual hospital
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quality metrics, a 2017 Performance Measurement Work Group
explored the addition of ED boarding metrics into Maryland’s
Quality-Based Reimbursement (QBR) program. In 2017, the
HSCRC proposed adding the Hospital Consumer Assessment of
Healthcare Providers and Systems metric ED-2b (admit decision
time to ED departure time for admitted patient) from the CMS
to hospital reimbursement under the QBR program for rate year
2020. The MIEMSS has also written in favor of such metrics."

Data for the ED-2b metric was collected as part of CMS’s
Hospital Compare dataset. However, CMS removed the ED-
2b metric in the process of revising measures from its hospital
Inpatient Quality Reporting program “to focus measurement
on the most critical quality issues with the least burden for
clinicians and providers.”? The HSCRC felt that if CMS
wasn’t going to require collection of ED-2b, this change
“necessitat[ed] its removal” from the Maryland QBR program
as well. One reason for this sense of necessity was that the
CMS Hospital Compare data was the source of reporting
for Maryland’s QBR program, and without these data,
HSCRC would need to establish its own ED data reporting
infrastructure. Furthermore, HSCRC noted that in the short
time ED-2b was included in Maryland’s QBR program,
little progress was made in the state.* For these reasons, in
February 2020 the HSCRC announced the metric would no
longer be part of the QBR program.

Although the first effort at including an ED boarding
metric in HSCRC’s QBR program was short-lived, the
inclusion of such a metric should be reconsidered. Several
possible explanations exist for the lack of improvement in
ED boarding despite previous inclusion of the ED-2b metric
in Maryland’s QBR program. Most simply, shifting hospital
operations and workflow is a difficult process that requires
time. Second, given public notice of CMS’s proposed rule
change, hospital executives had a diminished incentive to
react to a quality metric that they perceived as transient.
Lastly, the financial penalties tied to excessive ED-2b times
may have simply been too small to matter. The solution to all
these potential issues may be similar. A meaningful financial
incentive tied to ED boarding metrics that is implemented
on a long-term basis is highly likely to encourage hospital
innovation to optimize patient access to emergency services.

Funding for the HSCRC Quality Pay-for-Performance
programs comes from “at risk” global budget revenue. For
rate year 2020, HSCRC allocated -2%/+2% of this revenue
to QBR of which 50% was for “person and community
engagement,” which included Hospital Consumer Assessment
of Healthcare Providers and Systems survey domains and two
ED wait-time metrics.>* While not explicitly partitioned, a
rough estimate suggests that this placed less than a tenth of a
percent of the global budget revenue at risk for ED wait time.
Balanced against other quality measures, this incentive was
arguably too small to prevent ED boarding. The HSCRC has
the flexibility to pick and choose not just which measures to
include but how heavily they are weighted.

The state’s regulatory authority for emergency services,
MIEMSS, has also proposed strategies to reduce delays in
emergency care. In November 2019 a Joint Chairmen’s Report
directed MIEMSS to work with the HSCRC to provide a
status update on various initiatives aiming to mitigate ED
crowding.! In addition to adding ED boarding measures
to hospital quality reimbursement incentives, the report
proposed that hospitals formulate action plans for improving
efficiency, re-evaluating the use of yellow alerts for indicating
diversionary status, identifying a standard for ambulance
unloading time that would adapt to real-time ED crowding,
and developing new models of EMS care delivery, such as
mobile integrated health and community paramedicine. The
use of yellow alerts should indeed be reevaluated and perhaps
standardized at the state level rather than based on hospital
policy, so that there is less variability in these alerts’ use. This
revision could be implemented in parallel with the financial
incentive previously discussed.

Addressing the underlying causes of shortages in staffed
inpatient beds will support additional innovations and
strategies to reduce ED boarding. Previous research suggests
that one cause of inpatient bed shortages may be day-to-
day variation in bed availability.”® This variation can occur
due to elective surgeries being scheduled early in the week
during times of higher ED demand, or fewer discharges
occurring on the weekend due to decreased staffing.
Guidelines or incentives could be considered for increased
weekend staffing of personnel such as social workers,
physical therapists, and case managers to improve weekend
discharge efficiency. Notably, prior work has demonstrated
that interventions aimed at smoothing surgical schedules and
discharge planning improve ED throughput.? While these
administrative innovations can improve hospital flow in any
reimbursement environment, they are particularly appealing
under a global budget system. Financial incentives may
induce hospitals to avoid using ED boarding to compensate
for excess inpatient volumes, improving efficient patient
flow, and use of hospital resources.

Research to better understand causal linkages between the
current global budget system, shortages of inpatient hospital
beds, and increases in ED boarding will inform the potential
interventions discussed above. Further work uncovering these
linkages is likely to have impacts even beyond improving
emergency care in the state of Maryland. Maryland’s global
budget model has garnered interest elsewhere in the country
as a means of controlling healthcare costs. Thus, it is crucial
to understand and improve on imbalanced incentives before
implementation of similar models in other states. Under
current policy structure, cost savings from global budgets need
to be weighed against the potential of decreased patient access
to emergency health services. However, while this research
is ongoing, our recommendations would be that a financial
incentive tied to ED crowding be reconsidered and yellow
alerts be standardized at the state level.
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CONCLUSION

Maryland’s model of hospital financing has evolved over
40 years with a largely successful implementation of global
budgeting, decreasing Medicare spending and meeting quality
targets across several domains. However, evidence suggests
that increased ED boarding and ambulance diversion have
emerged as unanticipated consequences of the policy. This
limits the ED’s ability to provide high-quality care for all
patients and decreases access to care for vulnerable patient
populations. These unintended consequences are likely to
diminish the capacity to fulfill critical emergency care and
safety net functions and may widen existing health disparities.
Policymakers and hospitals alike should take actions to
remedy the unintended consequences of the global budget.
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Introduction: Management of sedation, analgesia, and anxiolysis are cornerstone therapies in the
emergency department (ED). Dexmedetomidine (DEX), a central alpha-2 agonist, is increasingly
being used, and intensive care unit (ICU) data demonstrate improved outcomes in patients

with respiratory failure. However, there is a lack of ED-based data. We therefore sought to: 1)
characterize ED DEX use; 2) describe the incidence of adverse events; and 3) explore factors
associated with adverse events among patients receiving DEX in the ED.

Methods: This was a single-center, retrospective, cohort study of consecutive ED patients
administered DEX (January 1, 2017-July 1, 2019) at an academic, tertiary care ED with an annual
census of ~90,000 patient visits. All included patients (n= 103) were analyzed for characterization
of DEX use in the ED. The primary outcome was a composite of adverse events, bradycardia and
hypotension. Secondary clinical outcomes included ventilator-, ICU-, and hospital-free days, and
hospital mortality. To examine for variables associated with adverse events, we used a multivariable
logistic regression model.

Results: We report on 103 patients. Dexmedetomidine was most commonly given for acute
respiratory failure, including sedation for mechanical ventilation (28.9%) and facilitation of non-
invasive ventilation (17.4%). Fifty-four (52.4%) patients experienced the composite adverse
event, with hypotension occurring in 41 patients (39.8%) and bradycardia occurring in 18 patients
(17.5%). Dexmedetomidine was stopped secondary to an adverse event in eight patients (7.8%).
Duration of DEX use in the ED was associated with an increase adverse event risk (adjusted odds
ratio, 1.004; 95% confidence interval, 1.001, 1.008).

Conclusion: Dexmedetomidine is most commonly administered in the ED for patients with acute
respiratory failure. Adverse events are relatively common, yet DEX is discontinued comparatively
infrequently due to adverse events. Our results suggest that DEX could be a viable option for
analgesia, anxiolysis, and sedation in ED patients. [West J Emerg Med. 2021;22(5)1202—1209.]

INTRODUCTION

The management of sedation, analgesia, and anxiolysis
are critically important principles in the emergency department
(ED). Dexmedetomidine (DEX) is a centrally acting and
selective alpha-2 adrenoreceptor agonist, which inhibits

norepinephrine release by binding to presynaptic alpha-2
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receptors. It provides sedation, anxiolysis, and analgesia via
receptors in the brainstem and spinal cord.!? Furthermore, DEX
does not cause respiratory depression, making it an attractive
agent for the management of multiple patient populations.
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In patients with acute respiratory failure, data from
mechanically ventilated intensive care unit (ICU) patients have
demonstrated improved outcomes with DEX, when compared to
benzodiazepines, including a reduction in delirium and ventilator
duration.* In ICU patients who cannot tolerate non-invasive
positive pressure ventilation (NIPPV), DEX has been shown
to be effective at facilitating NIPPV and may be associated
with improved outcomes (ie, reduced intubation rates and ICU
length of stay).'” However, there is a lack of data from the ED
domain regarding DEX use in patients with acute respiratory
failure. Other descriptions of DEX use in the ED include alcohol
withdrawal and procedural sedation. Although the data are
limited, a few studies have shown that DEX may reduce the need
for endotracheal intubation in patients with alcohol withdrawal,
and be a safe and effective procedural sedation agent.*®

Given the lack of data and trials regarding DEX use
in the ED, there is a significant knowledge gap and lack of
familiarity regarding the use of this agent. Furthermore, as
DEX has consistently been shown to increase the incidence
of hypotension and bradycardia, its safety profile in the ED
during routine use is unknown as well. We conducted this
study with several objectives in mind: 1) to characterize the
use of DEX in the ED; 2) describe the incidence of adverse
events in the ED population; and 3) explore factors associated
with adverse events among patients receiving DEX in the ED.

METHODS
Study Design

This was a single-center, retrospective, cohort study and is
reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement
(see supplemental Table S1).!° The study was approved
by the Human Research Protection Office at the principal
investigator’s institution with waiver of informed consent.
There was no financial support or funding organization
associated with the study.

Study Setting and Population

The study was conducted at an academic, university-
affiliated teaching hospital with an annual ED census of
approximately 90,000 patient visits. Given the clinical outcome
data regarding DEX, an order-set and protocol was introduced
in the ED in 2017. This protocol advocated for a static DEX
dose of 0.4 micrograms/kilogram/hour (mcg/kg/hour) in non-
intubated patients. In mechanically ventilated patients, the
protocol advocated for a starting dose of 0.7 mcg/kg/hour, with
a recommended titration of 0.1 mcg/kg/hour every 45 minutes,
up to a maximum dose of 1.5 mecg/kg/hour. Titration was by
physician order, and not titratable by the nurse. Bolus doses of
DEX were not recommended by the protocol, nor given during
the study period. Over a 30-month period (January 1, 2017-July
1, 2019), all consecutive patients with an order to receive DEX
were identified via electronic health record (EHR) query and

Population Health Research Capsule

What do we already know about this issue?
Dexmedetomidine (DEX) provides sedation,
anxiolysis, and analgesia and is effective in various
clinical situations. However, data is sparse from the
emergency department (ED) domain.

What was the research question?
How is DEX used in the ED, and what is the
incidence of adverse events associated with its use?

What was the major finding of the study?
Dexmedetomidine is used primarily in respiratory
failure (46.3% of cases). While adverse events
are common (52.4% of cases), they are of
questionable clinical significance.

How does this improve population health?

The use of dexmedetomidine could be an
important adjunct in the care of multiple patient
cohorts in the ED.

were eligible for inclusion. Inclusion criteria were 1) age > 18
years; and 2) the receipt of DEX in the ED for any indication.

Study Protocol
Participant Selection and Data Collection

We identified patients with an order for DEX as receiving
DEX in the ED by registry query, which was verified by
review of the EHR. We excluded patients who did not
actually receive DEX , as well as duplicate patients in the
registry. All measurement and clinical data were gathered
from the EHR using a standardized data collection form
(created a priori), collated into an Excel 2016 (Microsoft
Corporation, Redmond, WA, 2016) data management file,
and exported to SPSS version 26, 2019 (IBM Corporation,
Armonk, NY,) for management and data analysis. Prior
to analysis, we checked the database for out-of-range and
implausible values, and rechecked data as needed in the EHR
to ensure accuracy. Baseline characteristics included the
following: age; gender; race; body mass index; pre-existing
comorbid conditions; disposition data; initial vital signs in
the ED; and select laboratory values. Comorbid conditions
were dementia, diabetes mellitus, cirrhosis, heart failure,
end-stage renal disease, chronic obstructive pulmonary
disease, immunosuppression, malignancy, alcohol abuse, and
psychiatric illness (ie, schizophrenia, bipolar disorder, major
depression, or generalized anxiety disorder). Laboratory
values included lactate, creatinine, bilirubin, platelets,
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hemoglobin, and blood gases. The ED process of care
variables included length of stay, vasopressor use, and need
for mechanical ventilation.

We collected all DEX-related data in the ED including the
following: indication for its use (per clinician documentation
in the ED); time from ED arrival to order and time from order
to drug administration; duration of use in the ED; dosing; and
mental status (Richmond Agitation-Sedation Scale [RASS[
or Glasgow Coma Scale [GCS] at initiation. Additionally, we
collected vital signs at initiation and their lowest values during
drug infusion, and the number of patients in whom DEX was
stopped in the ED, as well as co-administered analgesics and
sedatives in the ED.

We collected details on adverse events and the treatment
variables surrounding adverse events. The primary adverse events
of interest included the incidence of hypotension and bradycardia.
Similar to a prior large, randomized trial, hypotension was
defined as a systolic blood pressure <80 millimeters mercury
(mm Hg), a diastolic blood pressure <50 mm Hg, or > 30%
decrease from baseline (systolic, diastolic, or mean arterial
pressure).’ Bradycardia was also defined based on prior trials, and
included a heart rate < 40 beats per minute, < 60 beats per minute,
or > 30% decrease from baseline.** We also collected data
regarding the need for vasoactive medications or fluid boluses
after DEX initiation. If vasoactive medications or fluid boluses
were given prior to DEX inititation, this was not counted as event
secondary to DEX use. Finally, the cessation of DEX due to an
adverse event was obtained from clinician documentation, and
determined in the following manner: cessation due to hypotension
and/or bradycardia, as defined in adverse events; or if cessation
occurred due to inadvertent extubation.

An a priori subgroup of interest were the patients
requiring mechanical ventilation in the ED.

QOutcomes

We analyzed all included patients for characterization
of DEX in the ED. The primary outcome of interest was the
incidence of hypotension and bradycardia related to DEX use.
Other clinical outcomes of interest included the incidence
of acute brain dysfunction on ICU day 1 (delirium and
coma), ventilator-, ICU- and hospital-free days, and hospital
mortality. Coma was defined as having a RASS of -4 or -5 for
every measurement while in the ICU. “Free” days account
for both time (ie, duration of ventilation or lengths of stay)
and mortality and are indexed to study day 28. In participants
who survived 28 days, “-free” days are defined as 28 minus
duration of ventilation (ventilator-free days) or length of
stay (ICU- and hospital-free days). Participants who did not
survive 28 days were assigned zero “-free” days.

Analysis

Patient characteristics are reported using descriptive
statistics, including mean (standard deviation [SD])
and median (interquartile range [IQR]), and frequency

distributions. We compared continuous variables using
independent samples #-test or Mann-Whitney U test, whereas
categorical variables were compared using chi-square test or
Fisher’s exact test. We assessed the normality of the data by
inspection of Q-Q plots and the Kolmogorov-Smirnov test.

For the purposes of this analysis, the primary outcome
of adverse events was a composite outcome of hypotension
or bradycardia. To examine for potential variables associated
with adverse events we used a multivariable logistic regression
model. In anticipation of a small number of events, we chose
a parsimonious model and followed recommendations to
select covariates a priori.!! We therefore selected the following
predictors for the model: 1) vasopressor infusion in the ED;

2) DEX duration in the ED; 3) heart rate at initiation of DEX;
and 4) mechanical ventilation use in the ED. These variables
were chosen for the following reasons: 1) Patients in shock
may be more prone to experience hypotension related to DEX
use; 2) a longer duration of use would allow greater time for
adverse events to occur; 3) a lower baseline heart rate may
lead to a higher incidence of bradycardia; and 4) mechanically
ventilated patients are sicker and typically require more
sedation than non-intubated patients, therefore predisposing
them to a higher complication rate.

All tests were two-tailed with an alpha of 0.05 for statistical
significance. As the study design is a retrospective cohort study
over a fixed time frame, the sample size was limited to the
number of patients receiving DEX during the course of routine
care in the ED. Based on randomized trials examining DEX use
in mechanically ventilated patients, we expected an adverse event
rate ranging anywhere from 20-50%.>* Assuming an estimated
event (ie, composite adverse event) per covariable ratio of 10:1
necessary for multivariable logistic modeling, we assumed a
sample size of 100 patients would be adequate to describe DEX
use in the ED and explore factors associated with adverse events,
in a hypothesis-generating multivariable model.'>!?

RESULTS

A total of 103 patients were included in the study, and
Figure 1 shows the study flow and final study population.
Baseline characteristics are reported in Table 1. There was a

142 Patients with orders for dexmedetomidine
and assessed for eligibility

39 excluded from analysis
26 did not receive
dexmedetomidine
*13 duplicates

Mechanically ventilated in ED
n=40

| 103 Patients included in the final analysis Subgroup of interest

Figure 1. Flow diagram of included patients who had orders for
dexmedetomidine.
ED, emergency department.

Western Journal of Emergency Medicine

1204

Volume 22, No. 5: September 2021



Sinnott et al.

Use of Dexmedetomidine in the ED

Table 1. Characteristics of included study participants.

All subjects No adverse event Adverse event
Baseline characteristics (n=103) (n=54) (n =49) P

Age (years) 54 (37-65) 55 (42-65) 54 (35-65) 0.692
Female, n (%) 39 (32.2) 23 (42.6) 16 (32.7) 0.299
BMI 27.0 (22.4-35.0) 29.1 (23.8-35.0) 25.1 (21.1-35.8) 0.248
Race, n (%)

Black 52 (43.0) 27 (50.0) 25 (51.0) 0.918

White 51 (42.1) 27 (50.0) 24 (49.0)
Comorbidities, n (%)

Dementia 3(2.5) 1(1.9) 2(4.1) 0.502

Diabetes mellitus 31 (25.6) 17 (31.5) 14 (28.6) 0.748

Cirrhosis 7 (5.8) 4 (7.4) 3(6.1) 0.796

Heart failure 16 (13.2) 10 (18.5) 6(12.2) 0.380

ESRD 5(4.9) 4(7.4) 1(2.0) 0.206

COPD 22 (18.2) 14 (25.9) 8 (16.3) 0.235

Alcohol abuse 27 (22.3) 16 (29.6) 11 (22.4) 0.408

lllicit drug abuse 29 (24.0) 17 (31.5) 12 (24.5) 0.431

Psychiatric? 16 (13.2) 6 (11.1) 10 (20.4) 0.193

Disposition Data, n (%)
Admit Location 0.472

ICU 97 (80.2) 50 (92.6) 47 (95.9)

Floor 6 (5.0) 4(7.4) 2(4.1)
Temperature (°C) 36.7 (36.4-37.1) 36.6 (36.3-37.0) 36.7 (36.5-37.2) 0.164
Heart rate (bpm) 107 (23) 104 (23) 109 (22) 0.249
Respiratory Rate (bpm) 23 (7) 23 (7) 23 (7) 0.684
Systolic pressure (mm Hg) 145 (30) 143 (26) 146 (33) 0.646
Diastolic pressure (mm Hg) 89 (22) 89 (21) 88 (23) 0.848
Peripheral oxygen saturation (%) 94 (8) 96 (50) 93 (10) 0.018
Lactate (mmol/L) 2.3 (1.4-3.6) 2.3 (1.4-3.5) 2.2 (1.3-4.7) 0.900
Creatinine (mg/dL) 1.0 (0.8-1.3) 1.1 (0.8-1.3) 1.0 (0.7-1.2) 0.289
Bilirubin (mg/dL) 0.4 (0.3-0.6) 0.4 (0.3-0.6) 0.4 (0.3-0.8) 0.616
pH (n =78) 7.31 (0.13) 7.31 (0.11) 7.30 (0.14) 0.560
Partial pressure arterial oxygen (n=34) 150 (76) 144 (61) 157 (93) 0.628
Partial pressure arterial or venous carbon dioxide 48 (17) 45 (11) 52 (21) 0.086
(n=78)
SOFA score 1.0 (0-4.0) 1.0 (0-3.0) 1.0 (1.0-4.0) 0.697
ED process of care variables

Length of stay (hours) 7.1 (4.7-9.6) 6.7 (4.5-8.7) 7.9 (5.2-10.3) 0.101

Vasopressor infusion, n (%) 14 (11.6) 4 (7.4) 10 (20.4) 0.055

Mechanically ventilated, n (%) 40 (33.1) 24 (44.4) 16 (32.7) 0.220

aPsychiatric if diagnosed with schizophrenia, bipolar, major depression, or generalized anxiety disorder
Continuous variables are reported as mean (standard deviation) and median (interquartile range).

BMI, body mass index; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; /ICU, intensive care unit;
C, Centigrade; bpm, beats per minute; bpm, breaths per minute; mm Hg, millimeters mercury; mmol/L, millimoles per liter; mg/dL,
milligrams per deciliter; SOFA, sequential organ failure assessment; ED, emergency department.
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statistical difference in peripheral oxygen saturation (mean
[SD]) between patients experiencing an adverse event vs those
who did not (93 [10] vs 96 [50], P =0.018]. There were no
other significant differences between patients experiencing an
adverse event vs those who did not.
Dexmedetomidine-related variables are shown in Table
2. Acute respiratory failure, including mechanical ventilation

(28.9%) and NIPPV (17.4%), was the most common
indication for DEX, followed by control of agitation (14.9%)
and anxiety (11.6%). The median starting dose in the ED
was 0.4 mcg/kg/hour (0.2 — 0.4). However, variability in
starting dose did exist, as 16 patients were started at a dose
of 0.7 mcg/kg/hour or higher (3 patients > 1.0 mcg/kg/hour).
Median infusion rate remained at 0.4 mcg/kg/hour for the

Table 2. Dexmedetomidine dosing and sedation characteristics.

All subjects No adverse event Adverse event
Variable (n =103) (n=54) (n=49) P

Indication for dexmedetomidine, n (%)* 0.847

Procedural sedation 4 (3.3) 2(3.7) 2(4.1)

Alcohol withdrawal 9(7.4) 5(9.3) 4 (8.2)

Anxiolysis 14 (11.6) 5(9.3) 9(18.4)

Psychosis/agitation 18 (14.9) 10 (18.5) 8 (16.3)

Facilitation of NIPPV 21 (17.4) 10 (18.5) 11(24)

Sedation for mechanical ventilation 35 (28.9) 21 (38.9) 14 (28.6)

Other 2(1.7) 1(1.9) 1(2.0)
Time from ED arrival to order 156 (64 — 317) 170 (73 - 317) 136 (42 — 333) 0.722
(minutes)
Time from order to administration 26 (11 - 55) 42 (16 — 60) 21(9-32) 0.021
(minutes)
Duration of dexmedetomidine in ED 139 (74 — 211) 122 (69 — 207) 164 (96 — 240) 0.041
(minutes)
Starting dose in ED (mcg/kg/hour) 0.4(0.2-0.4) 0.4 (0.2-10.5) 0.4 (0.2-0.4) 0.267
RASS at initiation of 1(0-3) 1(-1to0 3) 1(0-2) 0.811
dexmedetomidine (n= 29)
GCS at initiation of dexmedetomidine 13 (10 -15) 13 (11 -15) 13 (9-14) 0.366
(n=40)
Co-administered analgesics and 0.248
sedatives, n (%)

Fentanyl 41 (39.8) 23 (42.6) 18 (36.7)

Propofol 28 (27.2) 16 (29.6) 12 (24.5)

Midazolam 34 (33.0) 17 (31.5) 17 (34.7)

Ketamine 38 (36.9) 18 (33.3) 20 (40.8)

Lorazepam 32 (31.1) 15 (27.8) 17 (34.7)

Haloperidol 25 (24.3) 14 (25.9) 11 (22.4)
Vital signs At Lowest At Lowest At Lowest At Lowest

initiation ~ during Initiation during Initiation during initiation  during
infusion infusion infusion infusion

Heart rate (bpm) 105 (23) 86 (21) 102 (21) 91 (22) 108 (25) 81 (19) 0.163 0.010

Respiratory rate (bpm) 23 (7) 20 (18) 24 (7) 20 (6) 23 (7) 18 (5) 0.697 0.051

Systolic blood pressure (mm Hg) 140 (29) 112 (25) 141 (27) 124 (21)

Diastolic blood pressure (mm Hg) 85 (24) 68(18)  86(20)  77(16)  84(27) 58(16)  0.740  <0.001
101 (24) 82(19) 102 (21) 92 (16)
22 (18.2) 11 (20.4)

(

138(32) 99(22) 0606  <0.001
(
(

Mean arterial pressure (mm Hg) 100 (27) 71 (16) 0.796 <0.001

1
Dexmedetomidine infusion stopped 11 (22.4) 0.797
in ED, n (%)?
aEighteen patients were documented as having an additional secondary indication for dexmedetomidine use.
NIPPV, non-invasive positive pressure ventilation; ED, emergency department; mcg/kg/hour, micrograms/kilogram/hour; RASS, Richmond

Agitation-Sedation Scale; GCS, Glasgow Coma Scale; bpm, beats per minute; bpm, breaths per minute; mm Hg, millimeters mercury.
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first four hours, and the highest median infusion rate was 0.7
(0.4 —0.9), demonstrating that, overall, relatively low doses
of DEX were used in the ED. Dexmedetomidine was stopped
in the ED in 22 (18.2%) patients. Co-administered analgesics
and sedatives included fentanyl (39.8%); ketamine (36.9%);
midazolam (33%); lorazepam (31.1%); haloperidol (28.2%);
and propofol (27.2%).

Adverse events and clinical outcomes are reported in
Table 3. Fifty-four (52.4%) patients experienced the composite
adverse event, with hypotension occurring in 41 patients

Table 3. Adverse events and clinical outcomes.

Variable All subjects (n = 103)

Hypotension, n (%) 41 (39.8)
SBP <80 mm Hg 8(7.8)
DBP <50 mm Hg 14 (13.6)
>30% decrease from baseline* 19 (18.4)

Bradycardia, n (%)*
<60 bpm 18 (17.5)
<40 bpm 0(0.0)

Vasoactive medication given after 8(7.8)

dexmedetomidine initiated, n (%)

Fluid bolus given after 12 (11.7)

dexmedetomidine initiation, n (%)

Cessation of dexmedetomidine due to 8 (7.8)

adverse event, n (%)

Starting dose in ED (mcg/kg/hour) 0.4(0.2-04)

Acute brain dysfunction on day 1 ICU,

n (%)

Delirium 63 (61.2)
Coma 0

ICU-free days** 21.5(8.2)

Hospital-free days 18.0 (8.4)

Hospital mortality, n (%) 10 (9.7)

*Refers to a decrease in systolic, diastolic, or mean arterial
pressure.

**Refers to the 97 patients admitted to the intensive care unit from
the emergency department.

Continuous variables are reported as mean (standard deviation)
and median (interquartile range).

SBP, systolic blood pressure; DBP, diastolic blood pressure; bpm,
beats per minute; ED, emergency department; mcg/kg/hour,
micrograms/kilogram/hour; ICU, intensive care unit.

(39.8%) and bradycardia occurring in 18 patients (17.5%).
Patients experiencing an adverse event were given a fluid bolus
(20.4% vs 3.7%, P <0.01) and vasoactive medications (12.2%
vs 3.7%, P =0.11) more frequently when compared to patients
without an adverse event. Dexmedetomidine was stopped
secondary to an adverse event in eight patients (7.8%). Clinical
outcomes for patients experiencing an adverse event vs those in

patients with no adverse event (mean [SD]), were as follows:
ventilator-free days, (20.4 [10.5] vs 22.6 [8.7], P = 0.44); ICU-
free days, (21.7 [8.1] vs 21.3 [8.4], P = 0.83),; and hospital-
free days (18.5 [8.1] vs 17.5 [8.7], P = 0.53). Mortality among
patients experiencing an adverse event when compared to those
with no adverse event was 10.2% vs 9.3%, P=0.87.

Table 4 shows the multivariable logistic regression analysis
for predictors of the composite primary outcome. Duration of
DEX use in the ED was associated with an increased risk for
hypotension or bradycardia (adjusted odds ratio [aOR], 1.004;
95% CI, 1.001, 1.008), while vasopressor infusion in the ED was
associated with a decrease risk (aOR, 0.21; 95% CI, 0.05, 0.82).

Table 4. Multivariable logistic regression analysis with a composite
of hypotension and bradycardia as the dependent variable.

Standard

Variables aOR 95% CI error P
Vasopressor 0.21 0.05 - 0.70 0.025
infusion in the ED 0.82
Dexmedetomidine 1.004 1.001 - 0.01 0.022
duration in the ED 1.008
Heart rate at 1.01 0.99 — 0.01 0.238
initiation of 1.03
dexmedetomidine
Mechanical 1.63 0.60 — 0.51 0.341
ventilation in the ED 4.40

ED, emergency department; aOR, adjusted odds ratio; Cl,
confidence interval.

Details regarding the mechanically ventilated subgroup
are provided in supplemental tables S2-4. Overall, the dosing
characteristics and adverse events experienced by mechanically
ventilated patients were similar to the entire cohort.

DISCUSSION

As sedation and pain control are cornerstone therapies
provided in the ED, and with the increase in use of DEX,
information regarding its use in the ED is critical before
quality improvement or future research can occur. The current
study provides some new information regarding DEX use in
the ED and builds on prior work by examining this agent in
the ED domain.

With respect to our first objective, DEX is used for
diverse indications in the ED, and most commonly for
patients with respiratory failure. This is congruent with
prior work and facilitated by DEX’s analgesic and sedative
properties, without suppression of respiratory drive. The co-
administration of other sedatives and analgesics was common,
and could be driven by the known limitations of DEX, such
as slower onset of action. There was a delay in administration
of DEX (156 minutes) and relatively static dosing in the ED.
This is likely driven by the lack of DEX in the ED (ie, ordered
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from pharmacy), as well as the institutional protocol, which
called for no titration (in non-intubated patients) or physician-
ordered titration (in mechanically ventilated patients).

Going forward, areas for potential improvement could be as
follows: 1) earlier identification of patients who may benefit
from DEX, given the 2.5 hours of elapsed time from patient
arrival to order; and 2) titrated dosing if DEX is tolerated, yet
sedation goals have not been achieved.

Our most important finding relates to the adverse events
experienced by ED patients given DEX. Prior work in difficult-
to-sedate patients (n = 13) stated that DEX “is not safe in
the ED setting.”"* Our results would suggest otherwise, and
demonstrate that an ED-based DEX protocol can be effectively
implemented. While adverse events were relatively common,
the event rate for DEX use is congruent with that experienced
in large randomized trials.>* Also, when placed in the context
of the reported incidence of hypotension with midazolam
(11.6% to 55.7%) and propofol (13.4% to 52.4%) described in
the literature, our results further suggest that DEX compares
favorably in the ED setting.>!>!¢ Furthermore, in only eight
patients (7.8%) did physicians stop DEX due to an adverse
event, suggesting that while hypotension and bradycardia
were relatively common, these events were clinically well
tolerated as judged by the treating team. Patients experiencing
adverse events did require more intensive therapy in the ED, as
demonstrated by the administration of more fluid boluses and
vasoactive medications.

There was no statistical difference in patient-centered
clinical outcomes between patients experiencing an adverse
event when compared to those who did not. However, we
urge caution in interpreting these clinical outcome data, given
the small sample size. Contrary to our rationale for including
vasopressors in the multivariable model, vasopressor infusion in
the ED was associated with a lower chance for adverse events. It
is possible that vasopressor titration reduced the risk of reported
hypotension. While our study lacks granular detail on pressor
requirements during DEX infusion, this finding is congruent with
prior work showing that DEX is well tolerated in patients with
shock."”A potentially important finding is the fact that duration
of DEX exposure in the ED was associated with adverse events.
While we lack specific detail on the exact timing of events, these
data suggest the need for ongoing diligent monitoring for safety
while DEX is being used in the ED.

Finally, in our subgroup of mechanically ventilated
patients, the dosing of DEX and adverse events were
comparable to non-intubated patients. While no definitive
conclusions can be drawn from this small sample size, our
findings suggest that DEX use in the ED could be a viable
option going forward.

LIMITATIONS

This study has several limitations. This was a
retrospective, single-center study that carries with it all of
the limitations of that design, including limits with respect to

generalizing these results to other centers, especially those
where DEX use is infrequent in both the ED and ICU. While
to our knowledge this is the largest ED-based DEX study to
date, the small sample size limits any conclusions that can be
drawn from these data. We further emphasize that point with
respect to the subanalysis with an even smaller sample size
and commensurate power limitations secondary to that. Due
to an overall lack of sedation depth documentation, we cannot
comment on the efficacy of DEX use in the ED. Future studies
will need to assess for sedation depth, pain control, and
anxiolysis in a much more granular fashion.

We defined our adverse events based on prior work from
randomized trials on DEX in mechanically ventilated patients.
While our adverse event rate was congruent with prior work,
had our definition differed, the incidence of hypotension and
bradycardia experienced in the ED could be lower than our
current definition. This is especially important when considering
that only eight patients had their DEX infusion stopped because
of an adverse event. We also do not have details on why DEX
was stopped outside of adverse events. It is possible that
DEX was stopped because of inefficacy, or improving clinical
trajectory. Due to the study design, it is impossible to ascribe
causation for the adverse events, as multiple agents were used
in addition to DEX, and we can only describe associations.
Finally, due to the overall low event rate and small sample size,
the results of our multivariable model should be considered
exploratory and hypothesis-generating at this point.

CONCLUSION

Dexmedetomidine is most commonly administered
in the ED for patients with acute respiratory failure
(ie, those requiring mechanical ventilation or NIPPV).
While adverse events are relatively common, they are of
questionable clinical significance. Our results suggest that
dexmedetomidine can be incorporated effectively into clinical
care in the ED and be a viable option for analgesia, anxiolysis,
and sedation in ED patients, similar to its role in the ICU.
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