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JOURNAL FOCUS
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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We enthusiastically present the Western Journal of
Emergency Medicine (WestJEM) Special Issue on Firearms
Injury Prevention. This project is the culmination of several
years of discussions, deliberations, and evaluations of peerreviewed manuscripts.
Critics might call an issue of WestJEM focused on
firearms-related injury and death as politically motivated or
skewed. This issue of WestJEM is not intended to litigate gun
laws or regulations. It is not meant to further divide strongly
held views on the topic with blanket proposals for or against
legislative or regulatory approaches. While necessary, the
spirited discussions of legislative and regulatory measures are
beyond the scope of this special issue. On the contrary, we
offer a collection of peer-reviewed research, editorials, and
perspectives to engage emergency physicians in productive
discussions toward practical solutions to reduce firearmsrelated morbidity and mortality. Papers in this issue provide
regional and national perspectives on firearms-related injuries,
thought-provoking perspectives on firearms, descriptions of
injury patterns and characteristics, and injury prevention and
risk reduction strategies such as safe storage. As the editors
of this special issue, we hope these papers will move the
discussion forward with evidence and expert consensus.
We appreciate that violence and injuries with firearms
are one of many public health challenges for emergency
physicians, and all of these (e.g., motor vehicle safety,
interpersonal violence) merit scientific inquiry, evaluation,
and discussion. The response that “knives injure and kill,
cars injure and kill, etc…” oversimplifies the morbidity and
mortality from firearms and disregards the demonstrated
effectiveness of injury prevention research in public health
and emergency medicine. Firearms-related research has been
a controversial, “hot potato” in the interplay of science and
politics, particularly following the 1996 Dickey Amendment
that effectively halted federally funded research on firearms
if it involved gun control.1-3 The more controversial the topic,
the more we need to engage our objective, scientific inquiry,
and the less we should rely on emotion. We hope that this
issue will be thought-provoking and productive.
Volume 22, no. 3: May 2021

As in broader society, the mere mention of firearms
is potentially divisive among emergency physicians, with
approximately 40% of members of the American College
of Emergency Physicians (ACEP) owning firearms.4 The
American Board of Emergency Medicine 2019 Model of
the Clinical Practice of Emergency Medicine recognizes
“firearm injury prevention” among the evolving trends in
health care delivery that emergency physicians should know
as part of the core content of emergency medicine.5 Yet many
emergency physicians are unfamiliar with the safe handling
of firearms.6 The ACEP Policy on Firearm Safety and Injury
Prevention “condemns the current rates of injury and death
from firearms in the United States.”7 More recently, California
ACEP updated its 2013 firearm injury prevention policy to
reaffirm strategies such as child-protective safety and storage
and extreme risk protection orders to reduce injury and death
related to firearms.8 Unlike the broader society, as emergency
physicians we have unique, first-hand experience with
firearm-associated injuries and deaths. Our specialty is harmed
by firearms-related violence, whether in the trauma bay or
when it claims the lives of fellow emergency physicians like
Drs. Tamara O’Neal and Kevin Rodgers.9,10 As emergency
physicians, we can, and we must, be the example of civil,
respectful, and evidence-based approaches to finding solutions
to the most challenging public health problems. There is room
for disagreement about firearms; more importantly, there is
opportunity and responsibility for us to use our professional
experiences, expertise, and perspectives to lead objective,
respectful, civil, and evidence-based discussions about how to
reduce disability and death from all causes, including firearms.
These discussions, while uncomfortable, are squarely “in our
lane.” If not us, then whom?
In full disclosure, as editors of this special issue, we are
disparate with regard to firearms. One owns firearms, one
does not. One lives where gun ownership is uncommon, one
where ownership is common. In the context of this diversity,
we share unity of purpose, and invite our emergency physician
colleagues, public health and other researchers, and the
broader public, to engage in civil discourse and research.
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The Utstein Kloster1 (Norwegian for abbey) is Norway’s
best-preserved medieval monastery. Utstein Abbey was
consecrated in the late 13th century and still functions today as
a church and convent. The abbey (Figure 1) has also been the
host site of several landmark analyses pertinent to emergency
medicine, most notably on drowning,2 cardiac arrest,3 and trauma4
resuscitation. The Utstein style of analysis has been successfully
developed as a multidisciplinary research framework for disaster
medicine analysis.5 The Utstein style intentionally combines
experts with a variety of scientific expertise in fields related to
complex, multidimensional problems. Rather than a focus on
narrow legal, policy, organizational, or sociological aspects of
a disaster, the Utstein style borrows its multifactorial approach
from Newtonian physics. The Utstein style analytical framework
may be adapted to any multidimensional complex hazard such as
firearm violence.
In Utstein style analysis, any potential disaster may be
characterized as a hazard with stored potential energy. The risk of
conversion of that potential energy to an event with kinetic energy
occurs either at a statistically estimable rate (eg, hurricanes), or
due to stochastic triggers (eg, terrorism). The risk of an event
becoming manifest can be modified through surveillance and
prevention strategies, designed for each hazard. Should an event

Figure 1. Anonymous 18th-19th century painting of Utstein Abbey
(photographer Froda Inga Helland).
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occur, the kinetic energy expended upon a population is termed
impact. In the case of modern firearms, both the kinetic energy
and the resulting impact are highly lethal.6 The vulnerability
of the population to the impact determines the damage to that
population. After impact occurs, damage to the vulnerable
population may be only be modified by timely active response
and resources termed resilience. In the best case, the prevention
of a hazard removes or disables its potential energy, rendering
it harmless. If an event is allowed to impact a vulnerable
population, the damage is mitigated by the resilience of the
community. The Utstein style is an analytical heuristic, similar
to the Haddon matrix,7 employed to separate and analyze the
contribution of individual factors in the control of injury.
With respect to firearm violence, the citizen misuse of
firearms would be the hazard in the Utstein framework. Along
with Mexico and Guatemala, the United States (US) is one of
three nations on earth that designates firearm possession as a
Constitutional right and not a privilege. Therefore, the hazard of
firearm violence cannot be prevented without amending the US
Constitution. For this reason, our collective challenge is to find
a better way to modify the risk of civilian misuse of firearms.
State and local firearm ordinances represent an attempt at risk
modification through a patchwork of restrictive and permissive
strategies in which uniform enforcement is not possible. A wide
variety of socioeconomic and cultural communities are overlaid
on that patchwork of laws making the application of “gun
control laws” confusing and contradictory. One law does not
work in all places.
There are states, and in fact nations, that have high firearm
ownership (ie, elevated hazard) and low rate of firearm violence
(ie, low event occurrence), such as Hawaii, Idaho, Montana,
Wyoming, or Switzerland. In contradiction, there are cities
with both a high level of firearm regulation (ie, elevated risk
mitigation) and a paradoxically high level of firearm violence (ie,
elevated event rate) such as the District of Columbia or Chicago.
The risk of firearm violence in the US resembles an archipelago
of high-risk firearm violence islands with interspersed large zones
of minimal risk oceans. One strategy does not fit all locations.
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One possible explanation for these conflicting examples is
perhaps that the problem is less about the firearm (ie, hazard)
and more about the factors involved in motivating a citizen to
misuse firearms. Because Second Amendment arguments lend
themselves to primal emotions on both sides, too much energy
is expended on the right of firearm possession vs dispossession
(ie, prevention) and not enough on identifying and intervening
in the factors leading up to the shooting or risk modification.
Americans accept the risk modification over prevention
approach with motor vehicle accidents, swimming pool
drownings, and air travel. Good policy and the avoidance of
polarizing anger is guided by collecting data and using that
data to analyze and modify risk. For example, the Haddon
matrix has been used to modify the risk associated with motor
vehicle travel. By separately analyzing pre-crash, crash, and
post-crash factors, data-driven vehicle and highway designs
are combined with regulatory, sociological, and psychological
solutions to reduce motor vehicle injuries. Very few Americans
are prohibited from driving a vehicle and the risk from motor
vehicles crashes are mitigated by data-driven solutions.
With the acknowledgment that accidental firearm injury (eg,
hunting accidents) is not included in this analysis, the issue of
intentional firearm violence has at least four key categories:
• Suicide or self-harm
• Intimate partner, family, or business partner violence
• Criminal activity
• Mass shootings and assassinations
In each category, there are different factors that determine
the risk of firearm violence becoming an event. Further, the
target population has different vulnerabilities, with many
different mitigation strategies. Like motor vehicle speed
limits, one strategy does not fit all problem sets.
Suicide by firearm represents over one third of total
firearm deaths in the US,8 and there are clear demographic
groups (older White males), and predisposing circumstances
(financial loss, family loss, loss of community stature) that
correlate well with suicidality. These are stochastic triggers
that indicate an individual’s likelihood of a firearm-assisted
suicide and they are surveillable. A reporting system with
data- driven intervention strategies such as peer outreach,
psychological resources, or short-term firearm dispossession
for identified high-risk individuals, may reduce the risk of a
firearm-assisted suicide event in this category.
Intimate partner violence, family conflict, or revenge on
business associates are significant subcategories for children
and adults. Each of these subcategories involves some level
of conflict or rejection, combined with a malign adjustment
reaction. Similar to child abuse, or domestic abuse not involving
firearms, there are higher risk individuals and precipitating
events (eg, divorce, infidelity, family rejection, bankruptcy,
larceny, etc) that are surveillable. Individuals undergoing these
precipitating events may be screened and have data-driven
resources provided such as personal, legal, and/or financial
Western Journal of Emergency Medicine

counselling. Higher risk individuals may be evaluated for shortterm firearm dispossession and crisis counseling.
Given the cost of the judicial and prison systems in the US,
criminal activity with firearm violence has perhaps the largest
total resource allocation of the subsets. Great efforts have been
made to predict criminal activity by better understanding the
spatial, temporal, and perpetrator-victim associations of specific
crimes. The risk modification of criminal behavior has received
much less attention. If we assume that all people are born with
more or less the same inclination to crime, then poor schools,
gang activity, and systemic racial bias that produce disparate
justice system outcomes are specific risk factors associated
with poor and minority communities. These structural factors
contribute to a loss of legitimate academic and/or economic
opportunities and are a driver of criminal behavior. Consider,
the US has 5% of the world’s population yet 25% of the world’s
incarcerated population. Blacks and Hispanics represent 32%
of the US population but 56% of the incarcerated population.
While Blacks comprise 13% of the US population, 35% of
those executed in the past 40 years are Black. Approximately
half of those incarcerated will return to prison and 75% of
formerly incarcerated people are unemployed.9 Simply stated,
the imprisonment of poor and minority populations is not the
answer to firearm violence. There is no doubt that the solution
to systemic racial bias and its associated criminality is complex
and will be difficult to overcome in the short term. That stated,
to not address systemic racial bias will increase the risk of
segments of our population to criminal behavior and associated
firearm violence at a great cost in both lives and dollars.
While the category of mass shootings and assassinations
is the most newsworthy and consistently evokes public outcry,
it is actually 1-2% of the total firearm violence.10 Similar to
criminal activity, great efforts have been made to mitigate
mass shootings and assassinations, mainly through various
dignitary protection strategies and the improvement of security
for vulnerable sites (eg, schools, airports, public buildings).
Like police funding for criminal activity, the mitigation of
mass shootings and assassinations receives a large amount
of the funding. Mass shooters and assassins do have distinct
psychological profiles that occasionally include some elements
of mental illness, being bullied, grievance, and perhaps the
need for notoriety/revenge. Mass shooters are predominantly
male and White and are often driven by a malign cause. Once
again, these stochastic triggers are surveillable. Once identified,
targeted resources directed to these vulnerable individuals
with peer counseling, alternatives to violence, and firearm
dispossession for recalcitrant individuals may decrease the
incidence of these events.
For too long the US has avoided an injury control
perspective, largely due to the Dickey Amendment of 1996,11
which prohibited the Centers for Disease Control and Prevention
to collect these data. With the repeal of the Dickey Amendment
in 2018, a new era of firearm injury control research is now
possible. By adopting an injury control model such as the Utstein
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style analysis or the Haddon matrix, the factors associated with
different categories of firearm violence may be identified and
analyzed, and data-driven interventions developed and deployed.
To remain in the status quo ensures that the US will remain a
world leader in preventable firearm deaths. The door to a better
way to control firearm injury has been opened. We have the
ability to replace the overheated arguments on gun control with
data-driven solutions for firearm violence.
A notional system to modify the issue of firearm violence
is depicted in Figure 2. This Utstein style framework would
require societal investment to identify and intervene in the risk
factors of firearm violence. With data comes clarity and rational
policies, tailored to each subset of problems and the locations
and populations at risk. Informed with data, gun violence policy
may improve, and firearm injuries may be reduced.
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Introduction: In addition to the nearly 40,000 firearm deaths each year, nonfatal firearm injuries
represent a significant public health burden to communities in the United States. We aimed to
describe the incidence and rates of nonfatal firearm injuries.
Methods: We calculated nonfatal firearm injury estimates using the Healthcare Cost and Utilization
Project of the Agency for Healthcare Research and Quality, including the Nationwide Emergency
Department Samples and the National Inpatient Samples. We used the International Classification
of Diseases, 10th Revision, Clinical Modification to identify firearm injury episodes. Deaths in the
emergency department (ED) or as inpatients were excluded.
Results: In addition to the 118,171 persons shot and killed by firearms from 2016–2018, 228,380
people were shot (ratio 1.9:1) and treated at a hospital ED or admitted to hospital, a rate of 23.4
nonfatal firearm injury episodes per 100,000 population. The number of nonfatal injury episodes
varied by year: 2018 had the lowest at 69,692, compared to 84,776 in 2017 and 73,912 in 2016.
Unintentional injury episodes were the most frequent, accounting for 58.5% (n = 81,217) and 38.9%
(n = 34,820) of total nonfatal firearm hospital discharges from the ED and inpatients, respectively.
Assault episodes were the next most frequent, at 36.3% (n = 50,482) of ED and 49.5% (n = 44,290)
of inpatient discharges. The highest rate of nonfatal firearm injury by five-year age group was for 20to 24-year-olds. With an annual rate of 73.53 per 100,000 population, the rates for ages 20-24 were
more than 10 times higher than the rates for patients younger than 15 or 60 years and older. More
than half (53.4%, n = 121,884) of hospital-treated, nonfatal firearm injury episodes were patients
living in ZIP codes with a median household income in the lowest quartile, compared to 7.5% (n =
17,102) for patients residing in the highest income quartile ZIP codes, a sevenfold difference.
Conclusion: For every person shot and killed by a gun in the US, two more are wounded. Unlike
firearm deaths, which are predominantly suicides, most nonfatal firearm injury episodes are
unintentional or with an assault intent. Having a reliable source of nonfatal injury data is essential to
understanding the incidence of firearm injuries. [West J Emerg Med. 2021;22(3)462–470.]

INTRODUCTION
The story of gun violence in the United States is often
told through the deaths that are reported through the National
Western Journal of Emergency Medicine

Vital Statistics System by the US Centers for Disease Control
and Prevention (CDC): more than 100 gun deaths each day.1
But an often-overlooked part of today’s gun violence crisis
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are nonfatal injuries. Understanding the contours of these
injuries—where, to whom, and how often—is essential for
developing solutions. Knowing more about nonfatal gun
injuries is essential information to enable doctors, emergency
medical technicians, police departments, policymakers, and
trauma hospitals to plan for future need. It is also important
for studying the survival rate of those wounded by a gunshot
and could provide important signals for understanding trends
in the criminal use of firearms. In an effort to fill this critical
gap, we analyzed hospital administrative data from the
Healthcare Cost and Utilization Project (HCUP) for 2016–
2018, the most recent years available at the time the research
was undertaken, using data on emergency department (ED)
and inpatient hospital discharges for nonfatal firearm injuries.

Population Health Research Capsule
What do we already know about this issue?
Fatal and nonfatal firearm injuries represent
a significant public health burden to the US;
however, there is little data on nonfatal injuries.
What was the research question?
We examined hospital discharges to understand
which patients and communities are most
impacted by nonfatal gun injuries.

METHODS
Nonfatal firearm injury incidence estimates are calculated
from HCUP databases. Coordinated by the Agency for Healthcare
Research and Quality, HCUP databases bring together the data
collection efforts of state data organizations, hospital associations,
and private data organizations, the HCUP Data Partners. The
Partners are listed on the HCUP-US website at https://www.hcupus.ahrq.gov/db/hcupdatapartners.jsp. Emergency department
discharges are from the Nationwide Emergency Department
Samples (NEDS) for 2016–2018.2 Inpatient (admitted) discharges
are from the corresponding National Inpatient Sample (NIS).3 We
applied discharge-level weights to the survey sample in NEDS
and NIS to calculate representative estimates for the US.
Unweighted, a single year of NEDS includes approximately
33.5 million hospital discharges that started in the ED; the
weighted sample sums to 145 million ED discharges. For
2018, NEDS approximated a 20% stratified sample of hospitalowned EDs in the US and included data from 990 hospitals
across 36 partnering states and the District of Columbia.2
Unweighted, a single year of NIS includes approximately seven
million inpatient hospital admissions to community hospitals,
excluding rehabilitation and long-term acute care hospitals; the
weighted sample provides estimates for more than 35 million
admissions. For 2018, NIS approximated a 20% random sample
of discharges from each hospital in the 47 partnering states and
the District of Columbia.3
To avoid double-counting across the two datasets, we
dropped inpatient admissions to the same hospital and transfers
to other inpatient facilities from the NEDS dataset as it was
assumed the hospital admission would be represented by the
NIS dataset. To avoid double-counting fatal injuries reported by
the CDC, we excluded firearm-related hospital discharges that
resulted in death in the ED or as an inpatient. Additionally, as
NEDS and NIS are both cross-sectional snapshots, we did not
count subsequent encounters or sequelae.
Analysis
We extracted hospital discharge records for patients with
firearm-related injuries using the National Center for Health
Volume 22, no. 3: May 2021

What was the major finding of the study?
For each firearm death, there are two injuries;
nearly all firearm injuries are unintentional or
with an assault intent.
How does this improve population health?
Prevention efforts must address the
disproportionate burden of nonfatal firearm
injuries on racial minorities and low-income
and urban communities.

Statistics’ International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10) codes4 for initial encounters
related to firearm discharges. We excluded injuries as a result
of firearm malfunction or injuries of any intent from gas, air,
or spring-operated guns, paintball guns, and rubber bullets.
For the 2016 dataset, ICD-10 codes related to injuries were
captured under a specific variable for external cause of morbidity.
Beginning with the 2017 dataset, ICD-10 codes for external
causes are included in the diagnosis codes2,3; firearm injuries were
extracted from all possible diagnoses (e.g., up to 35 unique codes
in NEDS), regardless of other diagnoses reported.
Hospital discharges were assumed to represent an injury
episode. One person may have sustained multiple gunshot
wounds in the same firearm injury episode and would be
counted once for the hospital discharge. It is also possible
that one person may have multiple firearm injury episodes
in a year and, therefore, the incidence of firearm injury
episodes may be higher than the number of unique persons
experiencing a firearm injury episode in the year.
The ICD-10 codes are categorized according to injury
intent: assault (including assault by terrorism); self-harm
(including attempted suicide); legal intervention (shootings by
police); injuries considered unintentional; and injuries where
the intent was undetermined. The larger ICD-10 external
injury category for legal intervention includes operations of
war and military operations; however, the counts reported here
are only for legal intervention involving firearm discharge
where the law enforcement officer, bystander, or suspect
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was injured. A full list of included codes is available in the
supplemental appendix.
The ICD-10 codes Y90-Y99 are available for
supplementary factors related to external injuries. Evidence
of alcohol involvement, place of occurrence (e.g., residence,
school, business, public space), and activity at time of injury
were explored. However, as most firearm injuries had no
supplementary factor codes or no information provided in
these codes (e.g., coded as unspecified or not applicable), we
did not report these supplementary factors.
We provide descriptive statistics using variables as available
and coded in the datasets. Injuries were described using injury
intent and whether the patient was discharged from the ED or
after inpatient admission. For inpatients, the NIS files also include
information on the “All Patients Refined Diagnosis Related
Groups” (APR DRG) subclassifications for the risk of mortality
(minor, moderate, major or extreme likelihood of dying) and
the severity of illness (minor, moderate, major, or extreme loss
of function).3 Patient individual characteristics were described
for gender (male or female) and age from both NEDS and NIS.
Combined race and ethnicity (categorized as Asian or Pacific
Islander, Black, Hispanic, Native American, White, and other
races including mixed race) was available for inpatients only.
Both datasets included the urban-rural classification of
the county of patient residence, categorized as the following:
large central metro (counties with significant population of
a metropolitan statistical area of one million or more); large
fringe metro (counties in a metropolitan statistical area but not
considered central); medium metro (counties in a metropolitan
statistical area of 250,000 to 999,999 population); small metro
(counties in a metropolitan statistical area of less than 250,000
population); and micropolitan or noncore (rural).5 Both datasets
also included the median household income quartile of the patient
ZIP code as categorized in the dataset; the quartiles were defined
for each year, with the lowest quartile including ZIP codes with
a median income of up to $42,999 in 2016 and $45,999 in 2018.
Hospital characteristics common to both datasets were limited to
the US Census region (Midwest, Northeast, South, and West).
We calculated annual crude population rates per 100,000
population on the weighted national estimates using the
population file from HCUP released in 2020 for the three
years 2016–2018.6 All analysis was done in Stata, release 16
(StataCorp., College Station, TX) using the survey commands
to account for the weighting.
The HCUP datasets are public use files that do not include
any patient-level identifying information; therefore, this was
not considered human subject research. Counts less than 10
are suppressed as per restrictions on the dataset. The study is
presented in accordance with STROBE reporting guidelines
for cross-sectional observational studies.7
RESULTS
From 2016–2018, hospitals provided an estimated 228,380
episodes of care (95% confidence interval [CI], 213,824 to
Western Journal of Emergency Medicine

242,936) for nonfatal shootings in the United States, a rate
of 23.40 per 100,000 population (95% CI, 21.91 to 24.89).
Excluding follow-up visits, national estimates include 138,935
(60.8%) nonfatal firearm injury episodes treated only in the ED
(95% CI, 125,737 to 152,133) and 89,445 (39.2%) treated as
inpatients (95% CI, 83,386 to 95,504).
From the NEDS alone across the three years, there
were 63,150 initial encounter episodes where firearm was
the mechanism of injury (a weighted national estimate of
264,886) in total for all injury intents. To avoid doublecounting NIS admissions, we excluded 26,197 (41.5% of
firearm-coded injuries) NEDS discharges to an inpatient
admission to the same hospital or transferred as inpatient
(weighted estimate of 109,432). Additionally, we excluded
from the analyses 3840 patients who died in the ED (10.4%,
weighted estimate n = 16,419) and 1,651 patients who died in
hospital (8.5%, weighted estimate n = 8,255). The combined
weighted estimate of 24,674 deaths excluded represent 85%
of the CDC-reported 29,009 firearm injury deaths in medical
facilities as inpatient, outpatient or ED, and dead on arrival.
Injury Characteristics
There is no clear trend in the rate of nonfatal firearm injury
episodes (Figure 1) over these three years, and confidence
intervals overlap. The number of nonfatal firearm injury

Figure 1. Rate of nonfatal firearm injury episodes in the United
States per 100,000 population, by year, 2016-2018. Admitted
nonfatal firearm injury episodes from the National Inpatient
Sample (2016-18). Emergency department (ED) nonfatal firearm
injury episodes from the Nationwide Emergency Department
Sample (2016-18). Population from Healthcare Cost and
Utilization Project files. Lines represent 95% confidence intervals
for weighted survey estimates.
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episodes varied by year: 2018 had the lowest incidence of
69,692, compared to 84,776 in 2017 and 73,912 in 2016. The
difference was driven by ED episodes in NEDS. The 2018
incidence of 40,992 episodes was 24.4% lower than the 54,206
in 2017. For inpatient episodes, the NIS national estimate of
28,700 episodes was 6.1% lower in 2018 compared to 2017 (n =
30,570). On average, there were 76,127 nonfatal firearm injury
episodes per year, including 46,312 discharged from the ED and
29,815 treated as inpatients.
Across both ED and inpatient episodes, firearm type
was usually categorized as other or unspecified (68.9%, n =
157,316). Among the injuries with firearm type categorized,
across all intents, injuries were most frequently attributed
to handguns (80.2%) compared to long guns (e.g., rifles or
shotguns, 19.8%). Overall, unintentional injury episodes were
the most frequent, accounting for 58.5% (n = 81,217) and
38.9% (n = 34,820) of total nonfatal firearm hospital episodes
from the ED and inpatients, respectively (Figure 2). Assault
episodes were the most frequent among inpatient discharges
(49.5%, n = 44,290) and second highest for ED discharges
(36.3%, n = 50,482). The other three intents combined –

intentional self-harm, undetermined and legal intervention –
made up 5.2% (n = 7,236) and 11.6% (n = 10,335) of ED and
inpatient episodes, respectively.
The NIS dataset also includes variables about the risk
of mortality and severity of the injury using the APR DRG
subclassifications for risk of mortality and severity of illness
as detailed in Table 1. Among survivors of hospital- admitted
injury, 12.2% (n = 10,900) had been categorized as being at
extreme risk of dying based on the firearm injuries sustained.
A higher number of patients, 18,770 (21.0% of the nonfatal
firearm inpatient discharges) experienced an injury severe
enough to be categorized as causing extreme loss of function.
Specific to intent, nonfatal self-harm injury patients had the
highest frequency of being classified as extreme risk of dying
(20.6%, n = 1,220) or causing an extreme loss of function
(29.6%, n = 1,755), and unintentional injury patients had the
lowest relative frequency for both severity classifications
(10.3%, n = 3,895 and 17.1%, n = 6,475).
The mean length of inpatient hospital stay was 7.95 days
(95% CI, 7.73 to 8.16). Routine discharge from inpatient
admission was the most frequent outcome (74.2%, n = 66,370
patients). However, 12.4% (n = 11,060) were discharged to an
“other” facility such as skilled nursing or intermediate care,
and 8.5% (n = 7,625) were discharged to home health care.
Patient Characteristics
Most (87.3%, n = 199,320) nonfatal firearm injury
episodes from 2016–2018 were among men and boys, a rate
of 41.47 episodes per 100,000 population (95% CI, 38.83 to
44.12) (Figure 3). Two-thirds of patients (67.0%, n = 153,115)
seen in hospital for firearm injuries were between the ages of
15-34 years. By far, the highest rate by five-year age group
was for 20- to 24-year-olds with a rate of 73.53 per 100,000
population (95% CI, 67.86 to 79.20), more than 10 times
higher than the rates for patients younger than 15 or 60 years
and older. Nearly 1 in 10 (9.2%, n = 20,921) nonfatal firearm
injury hospital episodes were pediatric patients under 18 years
old (95% CI, 19,451 to 22,392).
Combined patient race and ethnicity were only available
for the inpatient data (Figure 4). Black people, with 50.1%
of the nonfatal firearm injury episodes requiring inpatient
admission (n = 44,835) and a rate of 36.82 inpatient episodes
per 100,000 people (95% CI, 33.22 to 40.41), have the highest
rate, more than nine times higher than white people (3.95 per
100,000, 95% CI, 3.71 to 4.19).

Figure 2. Number, rate per 100,000 population, and proportion of
admitted and emergency department (ED) discharges for nonfatal
firearm injuries in the United States, by injury intent, 2016-2018.
Admitted firearm injury episodes estimated from the National
Inpatient Sample (2016-18). Emergency department discharges
estimated from the Nationwide Emergency Department Sample
(2016-18). Lines represent 95% confidence intervals for weighted
survey estimates. Proportions are for rows and may not total to
100% because of rounding.
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Community and Hospital Characteristics
Across all intents, rates of nonfatal firearm injury episodes
were similar with overlapping confidence intervals in counties
categorized as small metros, micropolitan, and noncore
rural communities, on average 21.84 per 100,000 (Table 2).
However, rates were approximately twice as high in counties
with large central metro areas at 31.48 per 100,000 (95%
CI, 27.93 to 35.03) compared to the suburban surrounding
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Table 1. Number, row proportion, and rate per 100,000 population by injury characteristics for inpatient nonfatal firearm injury episodes
for the United States, 2016-2018, based on inpatient hospital discharges from the National Inpatient Sample.
Category

Description

Total

Row proportion

Crude rate per
100,000

Total inpatient

Inpatient admission

89,445

36.1%

9.16

APR DRG risk of mortality

Minor likelihood of dying

50,655

56.6%

5.19

Moderate likelihood of dying

14,110

15.8%

1.45

Major likelihood of dying

13,755

15.4%

1.41

Extreme likelihood of dying

10,900

12.2%

1.12

Minor loss of function

17,170

19.2%

1.76

Moderate loss of function

30,540

34.1%

3.13

Major loss of function

22,940

25.6%

2.35

Extreme loss of function

18,770

21.0%

1.92

Routine

66,370

74.2%

6.80

APR DRG severity of injury

Disposition of patient

Transfer to short-term hospital

2,295

2.6%

0.24

11,060

12.4%

1.13

Home health care

7,625

8.5%

0.78

Against medical advice

1,875

2.1%

0.19

Transfer other, includes skilled nursing

APR DRG, All Patients Refined Diagnosis Related Groups.

counties (large fringe metros, 14.40 per 100,000). Patients
living in ZIP codes with a median household income in the
lowest quartile (ranging from less $43,000 per year in 2016
to less than $46,000 per year in 2018) accounted for 53.4%
(n = 121,884, 95% CI, 111,629 to 132,138) of all nonfatal
firearm injury episodes compared to 7.5% (n = 17,102, 95%
CI, 15,728 to 18,475) for patients residing in ZIP codes with
median household incomes at the highest income quartile (at
$71,000 to $79,000 and above), a sevenfold difference.
There were also considerable differences among the four
US Census regions (Northeast, Midwest, South, and West).
Half (50.0%, n = 114,224) of nonfatal firearm injury episodes
occurred in the 16 states of the American South, with a rate of
30.81 per 100,000 (95% CI, 27.97 to 33.65), approximately
twice that of the Northeast and of the West (13.22 and 16.85
per 100,000, respectively).

gunshot wound are male. The age group most impacted by
nonfatal firearm injuries is young adults 20–24 years old, with
a rate that is over 10 times higher than both youth (under 15)

DISCUSSION
In addition to the 118,171 persons shot and killed by
firearms from 2016–2018,1 an estimated 228,380 people
survived their injuries. Compared to firearm deaths, nearly two
times as many people were shot and treated at a hospital ED
and/or admitted to hospital, a rate of 23.40 nonfatal firearm
injury episodes per 100,000 population. The socioeconomic
and demographic makeup of those injured by firearms each
year, with an average of 208 people per day who are wounded
with a firearm and survive, tells an important story for
focusing prevention efforts. As is evident from this analysis,
the overall distribution of gun injuries by both demographic
group and income is extremely uneven.
Eighty seven percent of those who visit a hospital for a
Western Journal of Emergency Medicine

Figure 3. Rate of nonfatal firearm injury episodes in the United
States per 100,000 population, by 5-year age group and Injury
Intent, 2016-2018.
Inpatient hospital discharges from the National Inpatient Sample
and emergency department discharges from the Nationwide
Emergency Department Sample. Population from Healthcare Cost
and Utilization Project files.
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Figure 4. Row proportion, rate per 100,000 population, and
relative risk of nonfatal firearm injury episodes requiring inpatient
admission for the United States, by combined race and Hispanic
origin, 2016-2018, calculated from inpatient discharges in the
National Inpatient Sample. Lines represent 95% confidence
intervals for weighted survey estimates.

and older adults (≥60). The rate of nonfatal firearm injury
episodes requiring inpatient admission for Black people
is over nine times higher than that of white people and the
highest rate of the major US racial and ethnic groups. The
Latino rate of nonfatal gun injuries is double that of nonLatino white people. These overlaps put Black young adult
males at very high risk of nonfatal gunshot injuries. Through
the lens of income, more than half of all nonfatal firearm
injury episodes affect residents of communities in the poorest
quartile for household incomes.
The distribution of those who are treated and survive also
varies significantly by intent, with implications for prevention
efforts that can reduce morbidity and mortality. The rate of
those who are shot and survive in core central cities is triple
the rate in rural areas and small towns. The burden of nonfatal
firearm injury, particularly from assault and unintentional
injuries, seems to be similar to firearm homicide in its
disproportionate impact on Black adolescent boys and young
men in urban communities.1
This analysis of the nonfatal firearm injury episodes from
both ED and inpatient discharges provides a unique and more
complete picture of the incidence of firearm injuries. Previous
analyses of HCUP data often focused on either NEDS8,9 or
Volume 22, no. 3: May 2021

NIS10,11 but not both. A study of NEDS from 2006–2014 found
the incidence of nonfatal ED visits (including those admitted as
inpatients) to be 23.2 per 100,000, similar to the rate of 23.40
found here for 2016–2018.12 A study of trends over time from
the NEDS and NIS data was outside the scope of this descriptive
analysis of the incidence of nonfatal firearm injury episodes. The
three years included here had wide variation, particularly the
24% decrease from 2017 to 2018 in ED discharges for patients
who survived and were not admitted as inpatients. A NIS-specific
study found that the number of injuries was increasing over time
from 1993–2014; further, the total of 24,445 inpatient admissions
for firearm injuries in 2014 was lower than the average 29,815
estimated here for 2016– 2018.10 Our estimates, however, are
26% lower than the estimated 58,912 nonfatal admissions and
43,440 ED cases in 1992, similar to the decline in non-suicide
firearm deaths over the same period (19,607 in 1992 and average
of 15,649 for 2016– 2018).13,14
The average annual incidence of 76,127 nonfatal firearm
injuries for 2016–2018 is far lower than the 2016 estimate
of 110,968 reported by the CDC in its Firearm Injury
Surveillance Study.15 The CDC has not reported nonfatal
firearm injuries on its Web-based Injury Statistics Query
and Reporting System website for 2016–2019 because
the coefficient of variation exceeds 30% and the CDC
has determined national weighted estimates are therefore
unreliable.16 The limitations of CDC firearm injury data
stem in part from its small sample size of EDs. Currently,
the agency’s survey includes only about 66 hospitals—less
than 2% of all hospitals in the US.15 In comparison, hospitals
included in the NIS cover 97% of the US population;
therefore, the HCUP estimates are likely more accurate than
CDC nonfatal injury reports.17
Of note, the NEDS dataset includes patients who were
either admitted to the same hospital or discharged from the
ED to another inpatient facility. The NIS sample of discharges
from inpatient hospitals is both weighted to represent inpatient
admissions and includes more states than the NEDS sample
(weighted to represent hospitals with ED facilities) and
therefore was assumed to be more accurate. While these NEDS
inpatient estimates were excluded from this joint analysis of
the NEDS and NIS, the differences in using estimates from
only NEDS are important to consider. Across the three years,
on average the NEDS estimate of inpatient admissions was
14.1% higher than the NIS estimate (n = 102,039 vs n =
89,445). However, most of this difference was in 2017. The
2017 estimate from NEDS of nonfatal firearm injuries requiring
hospital admission was 35.6% higher than the NIS estimate
for 2017 (n = 41,438 vs n = 30,570). In contrast, the NEDS
weighted estimate for nonfatal inpatient admissions was 3.7%
and 2.1% higher in 2016 and 2018, respectively.
One possible explanation for the 2017 outlier is that
one or more of the trauma centers responding to the 2017
Las Vegas mass shooting where over 400 were treated for
gunshot wounds from a single event18,19 was included in the
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Table 2. Number, row proportion, and rate per 100,000 population by community characteristics for nonfatal firearm injury episodes for
the United States, 2016-2018, based on emergency department discharges from the Nationwide Emergency Department Sample and
inpatient hospital discharges from the National Inpatient Sample. Population from Healthcare Cost and Utilization Project files.
Category
Hospital census region

Patient residence urbanization

Patient ZIP median household income

Description

Total

Crude rate per 100,000

22,306

9.8%

13.22

Midwest

52,736

23.1%

25.80

South

114,224

50.0%

30.81

West

39,113

17.1%

16.85

Large central metro

95,303

41.7%

31.48

Large fringe metro

34,913

15.3%

14.40

Medium metro

46,352

20.3%

22.72

Small metro

19,547

8.6%

21.95

Micropolitan

17,329

7.6%

21.05

Noncore

12,657

5.5%

22.52

Quartile 1 (lowest)

121,884

53.4%

50.04

Quartile 2

50,737

22.2%

20.87

Quartile 3

33,679

14.7%

13.68

Quartile 4 (highest)

17,102

7.5%

7.09

NEDS sample of hospital EDs.2 The weighting from the NIS
sample of discharges, rather than hospitals, would not have
been impacted to the same degree. In light of the differences
in national weighted estimates from the choice of NEDS or
NIS datasets, the switch from ICD-9 to ICD-10 coding that
occurred mid-2015, and the short-term variations described
here, further research to ensure that differences over time are
not the result of methodology is needed before we can draw
conclusions from data patterns.
The tens of thousands of Americans injured by firearms
each year face many difficulties, including severe injury and
hospitalization with its associated medical bills. The cost of
nonfatal firearm injuries in 2013 has been estimated at $2.5
billion for the medical treatment alone, with an additional
$23.5 billion for mental healthcare, police and criminal justice
response, lost wages, and lost quality of life.20
The physical disability and costs of rehabilitation continue
when discharged from the hospital. Analyses of the 2013–
2014 HCUP Nationwide Readmissions Database found that
7.6% of patients hospitalized with nonfatal firearm injuries
are readmitted within 30 days, and that patients with firearm
injuries were more likely to be readmitted within 90 days
following discharge compared to patients injured as either
pedestrians or occupants in a motor vehicle collision.21,22 On
average, 9.5% of the cost of hospitalizations for nonfatal
firearm injuries is due to readmission within the first six
months of injury.23 The trauma experienced can also have
lasting impact for survivors of nonfatal gun injuries, even for
those whose physical wounds heal completely. A follow-up
survey of patients discharged from hospital with a gunshot
wound found that, years after being shot, respondents had
Western Journal of Emergency Medicine

Row proportion

Northeast

lower reported measures of mental health, physical health,
emotional support, and ability to participate in social roles.
There were worse scores for patients with regard to alcohol
use and substance abuse, and patients were more likely to
screen positive for post-traumatic stress disorder.24
Importantly, hospital-based violence interventions
programs have been shown to be cost saving while reducing
the risk of further violent injury.25 Similarly, interventions
such as Counseling on Access to Lethal Means (CALM) have
been successfully implemented in ED settings and may be an
important tool in reducing the risk of firearm suicide.26 The
importance of lethal means counseling and reducing access to
guns for persons at risk of suicide is clear from this analysis
of nonfatal firearm injuries. Nearly two-thirds of gun deaths
each year are by suicide, with the remaining one-third from
homicide, yet intentional self-harm accounts for only 3% of
the nonfatal firearm hospital discharges each year. The small
number of persons seen as inpatients (5925) and even smaller
number seen and discharged from the ED (1567) for nonfatal,
intentional self-harm firearm injuries compared to the 71,224
firearm suicides for 2016–2018 points to the high lethality of
firearms as a means for suicide.1,27
LIMITATIONS
While NEDS and NIS are the largest and most
representative samples of hospitalizations in the US, they are
both just samples and not a full census of hospitalizations.
As the differences between NEDS and NIS estimates of
inpatient admissions and the differences between HCUP
and CDC datasets show, included or excluded hospitals
and communities can create a large difference in national
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estimates. This analysis attempted to look across NEDS
and NIS by dropping NEDS patients who had an outcome
of inpatient admission or transfer to inpatient hospital and
assuming that these patients were represented in NIS. If these
patients were incorrectly coded in NIS as being subsequent
rather than initial visits, the counts presented here would
underestimate the burden of injury.
As with other analyses of external causes of injury, the
ICD-10 codes may not accurately reflect the intent because
of limited information at the time of the hospital encounter.
In cases where the intent of a shooting injury is unclear, and
in the absence of affirmative documentation on the incident,
unintentional injuries may be overestimated and intentional
self-harm and assault injuries may be underestimated.28
NEDS and NIS also are both surveys of hospitalizations
and exclude nonfatal firearm injuries that may have been
managed in clinicians’ offices or urgent care facilities separate
from hospitals and therefore likely underestimate less severe
injuries from firearms.
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Introduction: Lethal means counseling (to reduce access to firearms or other suicide methods) is
a recommended critical yet challenging component of care of suicidal patients. Questions remain
about communication strategies for those in acute crisis.
Methods: This qualitative study was an analysis of semi-structured interviews with English-speaking,
community-dwelling adults with a history of lived-experience of suicidal ideation or attempts in
themselves or a family member. We used a mixed inductive and deductive approach to identify
descriptive themes related to communication and decision-making.
Results: Among 27 participants, 14 (52%) had personal and 23 (85%) had family experience with
suicide ideation or attempts. Emergent themes fell into two domains: (1) communication in a state of
high emotionality; and (2) specific challenges in communication: initiating, maintaining engagement,
considering context.
Conclusion: Engaging suicidal individuals in lethal means counseling may be more effective when
messaging and approaches consider their emotional state and communication challenges. [West J
Emerg Med. 2021;22(3)471-477.]

INTRODUCTION
Emergency departments (ED) are the site where patients with
acute suicidal ideation or attempts (SI/SA) are generally sent for
immediate evaluation and intervention. There is a spectrum of
interventions for patients with SI/SA, from inpatient psychiatric
hospitalization to outpatient follow-up. Lethal means counseling
(LMC) – counseling meant to reduce access to firearms,
medications, and other highly lethal methods is recognized as
Volume 22, no. 3: May 2021

an essential, evidence-based component of suicide prevention,1
especially for patients being discharged home. Prior work has
shown that LMC may positively affect home storage behaviors,
especially among parents of suicidal adolescents.2,3
Yet LMC in the ED does not routinely occur with suicidal
adults. Even among those being discharged home, counseling
is documented in only about half of these patients.4 Identified
barriers to counseling include unclear provider responsibilities
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(e.g., whether ED or behavioral health clinicians should provide
counseling5,6), lack of protocols or training (for both ED and
behavioral health clinicians), and hesitancy about discussing
firearms with patients.7 In response, organizations have called
for increased clinician training and engagement in LMC,8,9
highlighting the need for identifying evidence-based best
messages and messengers for this work.10,11 As an example,
“means safety” (vs “means restriction”) was both more
acceptable to participants and made participants more willing
to consider reducing access to lethal means.12 Other evidencedbased work underscored the need for engaging the firearms
community in developing “culturally specific” messaging, such
as drawing on the values of safety, responsible ownership, and
protection of loved ones.13,14
While efficacy and clinician uptake have been broadly
described, there has been less work exploring how individuals
with acute SI/SA might perceive LMC. Questions remain about
how best to promote behavior change (i.e., to reduce home lethal
means access) among individuals with acute suicide risk. This is
especially true for adults, where it is the at-risk individual (rather
than the non-suicidal parent of an at-risk adolescent) who receives
LMC and is responsible for making changes. These adults also
have unique needs related to understanding of LMC messaging;
individuals with active SI/SA being evaluated in an ED are likely
to have altered cognition, reasoning, processing, and emotional
expression, suggesting the need for tailored messaging, language,
and implementation. As provider engagement in LMC increases,
the need for tailored communication also increases – tailoring not
only with respect to firearms but also to the cognitive state of a
suicidal adult.
Objective
We sought to use qualitative interviews with people with
lived experience of SI/SA to explore challenges and strategies
related to LMC and effective communication in acute settings
such as EDs.
Study Sample
Participants were a part of a larger study that created a
patient-facing decision aid for reducing lethal means access in
the context of suicide risk.14-16 Participants were recruited through
direct email invitations, posted flyers, and online advertisements.
Eligible participants for the parent project were English-speaking,
community-dwelling adults (≥ 18 years) in the United States
who did not have active suicidal ideation and who belonged to
≥ 1 stakeholder group: those with “lived experience” of suicide
risk (either themselves or a family member); suicide prevention
professionals; ED providers; and firearm experts. For this
analysis, we included only interviews with adults with “lived
experience” of suicide.
METHODS
One-on-one, semi-structured interviews were conducted
between August–December, 2017 via web conference or in
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Lethal means counseling (LMC) is an
underutilized resource in emergency
department care of adults with suicidal
ideations or attempts.
What was the research question?
We spoke to those with lived experience of
suicidal ideation or attempt to learn how LMC
resources could be most beneficial to them.
What was the major finding of the study?
Engaging suicidal individuals in LMC may
be more effective when messaging and
approaches consider their emotional state.
How does this improve population health?
By learning from adults with lived experience,
we will be better able to design and implement
resources to be used by suicidal individuals.

person. All interviews lasted approximately 45 minutes and
were recorded and professionally transcribed. At the end of
the interview, participants completed a questionnaire about
their demographic characteristics and received a $25 gift card.
All participants provided informed consent and the study was
approved by the local institutional review board.
Interviewers followed a basic guide using broad, open-ended
questions to explore decision support needs (i.e., educational
needs of adults in crisis and means by which to elicit personal
values relevant to decisions about firearm and medication storage)
and elicit feedback on iterative versions of the decision aid. Broad
interview domains included the following: participants’ prior
experiences with decision-making around firearm or medication
storage during times of suicide risk; recommendations for
decision aid edits (e.g., messaging, formatting, and imagery);
and perception of the decision aid’s ability to influence someone
being evaluated in an ED for SI/SA (Appendix). A short
questionnaire collected demographic information. A professional
research assistant with a background in sociology and qualitative
research conducted the interviews and conducted primary data
analysis. The study team also included Masters- and doctorallevel clinical social workers and physicians with experience in
mixed-methods research, emergency medicine, suicidology, crisis
intervention, outpatient behavioral health, and shared decisionmaking. Field notes written during and immediately after the
interviews captured nonverbal cues and in-the-moment global
understanding of responses.
For analysis, we used a team-based approach informed
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by established mixed deductive and inductive techniques.17-21
We used Dedoose analytic software v 7.1.3 (SocioCultural
Research Consultants, Los Angeles, CA). Through deductive
thematic analysis, we interpreted data in the context of the
theoretical framework and existing literature. We combined
this with an inductive approach to allow identification of new,
emerging themes. Through these techniques, we synthesized
codes into a core set of themes, and we compared and contrasted
our themes with our first cycle of direct speech coding.20 We
organized the final core themes into a preliminary framework
about conversations related to the suicidal state. Together these
processes provided an in-depth, comprehensive analytic matrix
for interpretation.19,21 Our multidisciplinary team provided
multiple perspectives through which to interpret the text data, and
we shared the themes and framework with participants during the
last set of interviews (“member checking”) to further establish
thematic organization. Participants were recruited until thematic
saturation was reached. We followed the COREQ guidelines for
the conduct and reporting of qualitative research projects.22
RESULTS
We conducted 27 interviews with adults who had lived
experience of suicide ideation or attempts in either themselves (n
= 14) and/or a family member (n = 23; Table 1). Participants had
a mean age of 44 and ranged from 25-70 years old. Two-thirds
were male (67%) and 89% were White. Eight participants (30%)
were firearm owners.
The interviews yielded 450 pages of transcript data and 34
pages of memos. Two dominant themes emerged related to how

the affective state of a suicidal person can challenge reasoning
and information processing. First, the dominance of emotionality
over rationality was seen as a barrier to interventions for an
individual in crisis. Second, participants proposed strategies to
overcome these challenges through designing interventions with
attention to high emotionality. These strategies address three
subthemes: initiation; engagement; and context (Table 2).
Affective State
Participants spoke to the state of mind of individuals with
suicidal thoughts or behaviors, including how that state differs
from a non-suicidal state. One said, “When I’m feeling great, I
would think I would never grab a firearm and blow my brains
out. But when I’m feeling horrible and spiraling down, of course
it’s gonna come across my mind.” When asked about making
decisions within this context, interviewees discussed the specific
challenges in making decisions posed by the high emotionality of
people in crisis. Specifically, they noted LMC tools designed by
clinicians and researchers – individuals in rational states – could
function poorly for those in a heightened emotional state.
“When people get into that crisis mode, they’re already
overwhelmed. If they’re at the ER or they’re at anywhere,
clearly their own resources aren’t working anymore. If you
were to tell them, ‘Hey, come up with a plan to keep yourself
safe,’ they wouldn’t know what to do. They’d say, ‘That’s why
I’m here.’ Versus, ’Pick some things on this list. All of them
are good options. Which one’s the best for you?’ I think it can
be a lot less taxing.”

Table 1. Characteristics of interview participants (n = 27).
Age (median, IQR, range)

44 (35-50; range 25-70)

Female (n, %)

18 (67%)

Race (≥1 allowed)
White

24 (89%)

Black

3 (11%)

American Indian/Alaska Native

1 (4%)

Hispanic

5 (19%)

Veteran

3 (11%)

Residence in mostly rural area

5 (19%)

Work in mostly rural area

3 (11%)

Stakeholder group affiliation (≥1 allowed)
Personal history of suicidal thoughts or attempt

14 (52%)

Family member of someone with suicidal thoughts, attempt, or death

23 (85%)

Firearm owner or enthusiast

8 (30%)

Work at/with firearm retailer, range, or organization

2 (7%)

Work in suicide prevention (including volunteering)

18 (67%)

Healthcare provider

10 (37%)

Work/affiliated with VA or other veteran service provider
IQR, interquartile range; VA, Veterans Affairs.
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This distinction, as described by a participant, spoke to
the need for directed suggestions that guide an individual in
making a decision, rather than general counseling about the need
to do something without suggested, concrete actions. Another
participant elaborated on the importance of providers giving
simple steps or clear options to individuals in a suicidal crisis but
more detailed information to supporting family or friends (who
likely are in a more rational state).
“‘Wait, so what – is there an answer to this? Like, ‘how
do I easily store a weapon if I have one?’ And it was sort
of like just – it was almost overwhelming with information.
Like I don’t – especially like having been someone who
has that sort of crisis mindset, I would look at that and be
like, ‘I just don’t know what I’m supposed to do. Can you
please just tell me what to do?’ would be sort of how I would
have approached it if I were the patient. So I think a simple
recommendation, like, ‘You could – here are three ways you
can store your guns,’ you know, would be easier than the
pros and cons of each of the ways. Although, I think that
information could be really valuable for families who are
making better decisions and in a better sort of headspace to
be able to analyze information; I think that could be helpful.”
Participants described how too much information can be
overwhelming for someone in crisis and emphasized the need for
simplicity and identifying someone who can act as support.
Challenges to Helping an Individual at Risk of Suicide to
Make Decisions
Initiation
The first challenge identified was how best to initiate
discussions with someone in a state of high emotionality (i.e.,
with acute SI/SA) to discuss lethal means safety and to look at the

decision aid. Interviewees discussed that making decisions and
digesting information can be difficult, highlighting the need for
streamlined graphics and parsimonious text in the decision aid.
As one said, “I wonder if there is a way to do both that doesn’t
take up too much space, ‘cause this I think already if you’ve got
a person in crisis they’re gonna kind of look at it and go ‘oh
my god.’ [Laughs] I think it could be a little overwhelming.” In
sharing this idea, this participant is suggesting the need for clear,
simplified information. Supportive messages were also identified
as a strategy to encourage connection and initiation of decision
aid use (Table 2), including explicit acknowledgement that stress
can alter a person’s usual cognitive or decision-making abilities.
One participant said: “You can’t predict that in any person on a
normal day, I don’t think, or a group of people on a normal day,
and then extrapolating it for each crisis…. I think, you know,
‘when we’re in crisis we’re not quite as we would be otherwise,’
so kind of breaking it down.” This participant acknowledged that
designing and developing resources for any group of people has
challenges, and that with high emotionality there is a need for
more directness and for accessible language.
Ongoing engagement
Once the conversation is initiated, the second challenge
identified was how to maintain the attention of the person in
the crisis, including how to keep them engaged during LMC
and when they return home. Gathering the name and contact
information of another individual was suggested as a way to
encourage connection to others and maintaining safety-focused
changes. The timing of when to encourage individuals in crisis to
identify collateral sources of support was also seen as critical.
“I could see that if somebody just in the moment filling this
out, they might be interested in putting in, say, somebody’s
email address because they’re in the moment. But as they

Table 2. Representative quotes, by challenges and strategies.
Theme

Challenge

Strategy

Initiation

“I think starting off with something, especially if you are in fact
feeling helpless or alone, that starts off with “This tool can help
you make a decision,” it sounds like work. [Laughs] And that’s
probably the last thing you’re thinking about in that situation.”

“So to my eye the ‘You may feel helpless and alone right
now’ probably catches somebody who is feeling helpless
and alone and then pulls them in.”

Engagement

“’Preferences, Logistics and Other Issues,’ that sounds pretty
cold, really cold, and also kind of technical, that it’s not about a
person.”

“So ‘Beliefs and Choices’ or something like that, which is
still not too warm and fuzzy, but it’s acknowledging that
there’s a human that’s making these decisions.”

Context

“I just don’t think you can hammer the temporary message
nearly enough because you think about the history of public
health trying to promote safe storage even outside of suicide,
like the trigger locks and stuff. … Most of those things didn’t
work because people were like, ‘Well, you’re giving me this
really clumsy thing, and I gotta find the key, and I have to hide
the key or know the combination or whatever. Then I can’t get
it when the burglar breaks in.’ So they already have reasons in
their head why anything other than immediate access on the
nightstand with a chambered gun is a negative thing.”

“So, in hammering home the temporary thing doesn’t
make me think, ‘Oh, they’re asking me to change my
lifestyle and in terms of how I interact with this firearm.
They’re just asking me to keep…’ Even though obviously
that’s what we want ideally, but for these things, if
we’re talking temporary, just the advertising principle of
repetitive messages.”
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walk out, they may well think twice about actually reaching
out for the help. … They might be in a more vulnerable space
in the hospital because they’re probably in the conversation
and have been talking about suicidal feelings, which means
it sounds to me like it would be an opportunity ripe for
being able to send an email to somebody saying ‘[name]’s
identified you as the person that he would like to speak to
about concerns he had about being safe around his firearms’
or something like that because that would allow my wife
or whoever I plug into the thing in the moment to hopefully
broach the topic as opposed to relying on me after I get home
and cool down a bit.”
Participants also identified hopeful, supportive language
as useful in maintaining user engagement (Table 2), along with
simple, discrete choices as described above. This participant
talked us through the pieces behind connecting to someone
while the person experiencing SI/SA was still in the hospital.
The context of the hospital, and conversations that happen
during patient care, can be used as a window into continuous
care afterward. As one participant said, “Just telling them that
it’s okay to set the guns aside while they’re in crisis, like some
reassurance, ‘cause yeah, I guess when you feel like you can’t
escape them even if you want to, like what do you do. There’s
a sense of helplessness and utility there that we’re trying to
avoid.” Thus, to provide people in crisis with reassurance
and encouragement was noted here as helpful in maintaining
engagement with resources.
Context
The third challenge identified was the context in which the
conversation about firearm or medication storage was occurring,
including the environment (e.g., ED, hospital, or home) and who
else was involved in storage. Participants suggested prompts on
how to engage people that they trust in the decision about firearm
storage, with a recommendation for a large list of potential
support individuals (family, friend, neighbor, fellow veteran, etc)
to enable suicidal individuals to choose as many as possible, as
well as to prompt them to consider people in their social lives
who they may not have thought of during this moment of crisis. A
participant who works with veterans commented:
“Maybe under Friend/Family/Neighbor, you could put
‘another veteran’ or something like that. … The work that we
do is you talk to – you can kind of prime the conversation.
It would be like, ‘Well, what if your buddy was really
struggling? What would you do?’ He was like, ‘I would get
in my car and drive 600 miles to go help him out.’ And I said,
‘Well, what would your buddy do for you?’ He was like, ‘I
guess they could hold my guns.’”
The temporary nature of firearm-storage changes for suicide
prevention was highlighted as a key concept to reinforce as a
way to gain buy-in, encourage behavior change, and reduce
Volume 22, no. 3: May 2021

the possibility of defensiveness or the feeling that the goal was
to undermine lifestyle choice. Recognizing, as this participant
did with their friend, the relationships and supports that exist
but may have been overlooked before being prompted through
comprehensive listing, is again giving a set of options rather than
vague, general directions.
DISCUSSION
Lethal means counseling for those at risk of suicide,
including those evaluated in EDs, is important as it may affect
home storage behavior and ultimately may reduce suicide
risk.23,24 This qualitative study highlights key considerations
about decision-making during a time of crisis. Participants
consistently emphasized the overarching needs related to
meeting the needs of people in a state of high emotionality, one
characterized by high affective valence and lower rationality
with attendant cognitive and communicative challenges. The
dominant theme was the need for simplification of information
being shared with individuals in a state of high emotionality,
along with the need to remind them of their desire for
connection with others.
This study highlights our understanding of how patients
should be able to engage with available resources in a way that
positively impacts home safety choices. Lethal means counseling
could work in conjunction with ED-based approaches such as
safety planning by engaging clients in identifying the treatment
and safety plans that are best for them.25-27 When identifying
strategies related to the challenges of initiation and engagement,
participants discussed the need for engaging individuals
experiencing crisis collaboratively in their own care, including
LMC. This is consistent with the collaborative nature of leading
treatment approaches for suicidal thoughts and behavior, as well
as with shared decision-making.28
For example, in dialectical behavior theory (DBT), clients
work collaboratively with a social worker or other behavioral
healthcare provider to learn skills to help them regulate suicidal
thoughts and rapid emotion escalation, with the understanding
that different skills are needed in different times and for different
purposes, depending on the circumstances, the goals, and
emotional state of the patient.29 The Collaborative Assessment
and Management of Suicidality (CAMS) approach also focuses
on collaboration between social workers or other providers and
clients in learning to understand the origins of suicidal thoughts,
feelings, and behaviors.30 The CAMS approach encourages
clients to engage in developing their own treatment plan and it
can be used within various psychotherapies, including potentially
through a virtual interface in EDs.31
The type and quality of affective, cognitive, and somatic
states among those at highest risk of suicide have been previously
documented; they include desperation, hopelessness, rage,
abandonment, guilt, anxiety, humiliation, sleep disturbance,
avolition, and self-hatred.32,33 This intense emotional state was
also highlighted in our interviews. While most social work,
psychology, counseling, divinity, and similar programs offer
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substantive training in responding to clients experiencing strong
emotions, most Masters-trained practitioners (who are typically
the behavioral health specialists working in EDs) report feeling
inadequately prepared to work with clients during their periods
of highest suicide risk.34,35 These include assistance in reviewing
resources and a collaborative approach to identifying concrete
next steps. Training resources exist, such as CALM (counseling
on access to lethal means) to help support behavioral health and
other providers feel confident in engaging in this collaborative
LMC working during and after a suicidal crisis.25
Overall, the framing that participants felt would be most
helpful was addressing the facts in a digestible fashion while
still encouraging confidence in the person in crisis. In doing
this, participants shared sentiment that reflected the transition
between someone in a highly charged emotional state and
someone in a typical, more rational, deliberative state, where
they could successfully participate in their own care. Seeking
and incorporating insight from those who have been in this
state of mind can help make approaches such as LMC more
accessible to clients, in the same way that CAMS, safety
planning, and certain components of DBT are structured to
engage clients in their own care.27,29,30
This project lent itself to the understanding of the difficulty
inherent in reflecting on being in a “hot state” when one is in a
“cold state” – including for the individuals interviewed in this
project. The “hot-cold empathy gap”36 highlights how it could be
possible that reflections and recommendations made by those in a
cold state of high rationality might underestimate the volatility of
preferences among those in a state of emotionality. While none of
our participants identified this dynamic by name, many of them
did allude to the labile nature of cognitive processes they either
experienced or observed in their loved ones during suicidal crises,
and advocated for conservative approaches to communication,
facilitation of discussion with healthcare providers, and use of
decision support tools.

CONCLUSION
A key component of care of suicidal individuals in acute
care settings – and one that is a policy- and evidence-supported
and scalable intervention – is lethal means counseling to reduce
access to firearms and other methods of suicide. Incorporating
the perspectives of individuals with personal or family-lived
experience with suicide can enhance development and delivery
of interventions in the ED. Specifically, interventions for
those with acute suicide risk should consider the emotional
and cognitive states, and needs, of those patients. Directed,
digestible information that is supportive, with concrete steps
could encourage both collaboration, independence, and
engagement in care.
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Introduction: Firearm injury prevention discussions with emergency department (ED) patients
provide a unique opportunity to prevent death and injury in high-risk patient groups. Building mutual
understanding of safe firearm practices between patients and providers will aid the development of
effective interventions. Examining ED patient baseline characteristics, perspectives on healthcarebased safety discussions, and experience with and access to firearms, will allow practitioners to craft
more effective messaging and interventions.
Methods: Using an institutional review board-approved cross-sectional survey modified from a
validated national instrument, we recruited 625 patients from three large, urban, academically
affiliated EDs in the South to assess patient baseline characteristics, perspectives regarding
firearms and firearm safety discussions, and prior violence history, as well as firearm access and
safety habits. We compared the degree to which patients were open to discussions regarding
firearms across a variety of provider types and clinical scenarios between those with and without
gun access.
Results: Of the 625 patients consented and eligible for the study, 306 had access to firearms. The
patients with firearm access were predominantly male, were more likely to have military experience,
live in an urban or suburban region, and have experienced prior violence when compared to those
without firearm access. Patients with and without gun access view firearm safety discussions with
their healthcare provider as acceptable and analogous to other behavioral health interventions (i.e.,
helmet/seat belt use, alcohol/cigarette use). Patients were also accepting of these firearm safety
discussions in many clinical contexts and led by multiple provider types. Of the patients with gun
access, storage of each type of firearm was reviewed and the primary reason for ownership was for
personal protection across all firearm types.
Conclusion: Patients in the ED indicate openness to firearm safety discussions delivered by a
variety of providers and in diverse clinical scenarios. Healthcare providers engaging firearm owners
in appropriate risk-benefit discussions using a trauma-informed approach is a critical next step in
research and intervention. [West J Emerg Med. 2021;22(3)478-487.]
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INTRODUCTION
Although firearm injury is widely recognized as a public
health epidemic responsible for approximately 40,000 deaths
and 130,000 injuries in the United States in 2017 alone, the
field has a dearth of rigorous research to guide effective
intervention strategies.1 Additionally, there is limited research
addressing firearm injury prevention in the healthcare setting,
likely contributing to a lack of engagement and general
discomfort with the subject among patients and providers.
Despite healthcare providers and medical societies advocating
for firearm injury risk and safety discussions with patients,2
a minority of providers report initiating these conversations.3
Given concern for rising numbers of violence-related injuries,4
increased social isolation, and prevalence of mental health
problems,5,6 as well as escalating firearm and ammunition
purchases during the COVID-19 pandemic,7,8 these discussions
are more critical now than ever. In fact, physicians and other
healthcare providers are uniquely positioned to address this
issue, as other potential avenues for intervention are limited due
to social distancing and other lockdown measures.
Prior studies have touched on important elements
to consider when addressing firearm safety in healthcare
populations. The 2015 National Firearm Survey (NFS) used
a nationally representative, web-based sample to estimate
that 54.7 million people in the US own guns.9 Additionally,
two-thirds of non-firearm owners and over one-half of firearm
owners felt it is “at least sometimes appropriate” for physicians
and other healthcare providers to discuss firearm safety with
patients.10 Another study using the NFS sample examined the
responses of veterans. They concluded that half of veterans own
at least one firearm, with the majority owning both handguns
and long guns, citing personal protection as the primary reason
for ownership.11 These findings provide an important glimpse
into firearm ownership and potential translational healthcare
applications. However, the NFS was not designed solely for
healthcare-based intervention and thus did not sample from
patients in a clinical environment and did not expand upon
potentially relevant healthcare-focused variables. Assessing
patients’ degree of openness to firearm discussions with
different healthcare provider types in specific clinical scenarios
is an important next step in firearm injury prevention research.
Another study of 200 ED patients that used a 22-item
survey to assess patient demographics, access to firearms,
and general attitude toward healthcare-based screening comes
closer to understanding ED patients’ views on firearm safety
discussions. Their findings indicate the majority of both
gun owning (100%) and non-owning patients (87.5%) felt
comfortable discussing firearm safety with their healthcare
provider, and a majority of patients felt these discussions
would result in safer firearm storage changes.12 The patients’
views of different provider types conducting firearm safety
discussions and clinical scenarios in which safety discussions
are appropriate was not reported. Neither patients’ history of
violence nor reasons for gun ownership were reported.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Healthcare providers engaging patients in
firearm safety discussions is emerging as a
promising opportunity to prevent associated
firearm injury and death.
What was the research question?
What are the characteristics of patients and
in which clinical scenarios are firearm safety
discussions acceptable?
What was the major finding of the study?
ED patients are open to firearm safety
discussions delivered by a variety of providers
and in diverse clinical scenarios.
How does this improve population health?
Healthcare providers can engage patients in
firearm safety discussions with the goal of
reducing risk for firearm injury and death.

More broadly, healthcare interventions that involve
firearm safety or storage counseling, such as lethal means
counseling, have become established as effective in healthcare
populations, especially in suicidal adult and pediatric mental
health populations.13,14 These interventions have gained
traction in ED settings,3,15-17 with a focus on providers building
knowledge about firearms and safety practices in an effort
to build cultural competence to better engage gun owners in
safety discussions and primary prevention.18 Such efforts have
improved our understanding of healthcare-focused safety
discussions. Further exploring the factors that contribute to
ED patient attitudes and potential receptivity to intervention is
critical to advancing the field and saving lives.
This cross-sectional study addresses these gaps in
understanding by surveying the attitudes and experiences of
ED patients. The knowledge gained directly contributes to
the development of effective intervention with ED patients
by evaluating their baseline demographics, firearm-related
discussion perspectives, prior experience of violence, and
firearm access and safety practices.
METHODS
After institutional review board approval, registered ED
patients were approached by trained research assistants (RA)
during convenience sample shifts from 7 am-7 pm, seven
days per week in three academically affiliated urban EDs in
Atlanta, Georgia, from October 2018–April 2019. The largest
hospital, with annual ED visit volume of approximately
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type of gun do you own or have access to?” Additionally, the
term firearm and gun are used interchangeably for the purposes
of this study, with acknowledgment that the term firearm
is more inclusive. We obtained detailed assessment of the
reason(s) for ownership and location of the firearm(s), as well
as storage habit(s) for each firearm.
Firearms were subdivided into handguns, long guns and
“other” guns; storage habits and locations were reviewed
for each firearm. Handguns include pistols, revolvers, semiautomatic pistols/revolvers, and “other” as designated by
the participant. Long guns include shotguns, rifles, modern
sporting rifles, and “other” as designated by the participant.
Free space was allowed for the patient to elaborate on
any “other type of gun” to which they had access. Survey
methodology was conducted in alignment with the question
types and terminology used in the 2015 National Firearm
Survey and validated by independent expert consensus.

142,000, is a Level I trauma center serving mainly an urban,
largely underinsured population. The second hospital, with
approximately 74,000 annual ED visits, also serves an urban
patient population as a community-affiliated academic medical
center. The third ED, a tertiary medical center on an academic
campus has approximately 51,000 annual visits. Eligible patients
were those who did not meet exclusion criteria (<18 years of age,
non-English literate, cognitively impaired, medically unstable,
in police custody, had previously participated) and from whom
verbal informed consent was obtained prior to enrollment.
Survey instruments were administered using Apple iPads (Apple,
Inc., Cupertino, CA) and REDCap, a web-based software
program compliant with the Healthcare Insurance Portability
and Accountability Act of 1996. Question types included fivepoint Likert-type, multiple choice, binary yes/no, and free-text
responses, and questions were presented only when relevant
to the patient using branching logic (up to 198 questions).
After providing consent, the RAs instructed patients on selfadministration of the survey using the tablet computers. Patients
who declined participation were asked a reason for their decision,
and if provided, the RA recorded their response in the free-text
portion of the approach section.
Survey Domains
The survey is divided into three domain areas: 1)
demographic information; 2) firearm-related perspectives
and past experiences; and 3) firearm access and safety habits.
Participants were not permitted to return to prior forms when
the domain was completed. Demographic variables of interest
included age, gender, race, ethnicity, marital status, housing
type/region, education, employment status, income, number of
children/if housing them, and military status.
The firearm-related perspectives domain contained a
wide range of potentially relevant firearm-related attitudes
and experiences as well as topics considered important for
potential intervention. Less invasive topics were explored
first, such as general perspectives on health-related issues,
escalating to potentially more invasive topics, such as
political views and prior experience of violence. Public
health context of firearm discussions relative to other clinical
safety discussions, acceptability of different provider types,
acceptability of discussing firearm safety in different clinical
scenarios, as well as prior violence history were assessed for
this phase of the study. For complete survey elements please
reference the supplement section.
The firearm access domain ushered participants through a
branching logic survey tool to establish current firearm access
and safety habits. Firearm “access” is the preferred terminology
for the purposes of this study, as it is a more inclusive term
compared to personal “ownership,” acknowledging the potential
for fluid possession in households or other unforeseeable
shared-use situations. To capture the relevant possibilities of
firearm access, subjects were asked, “Do you or does anyone
else you live with currently own any type of gun?” and “What
Western Journal of Emergency Medicine
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Statistical Analyses
We described continuous variables using medians and
interquartile ranges. Categorical variables were described
using frequencies and percentages. We compared patient
demographics across those with gun access and those without
gun access using the Mann-Whitney U test and the χ2 test for
continuous and categorical variables, respectively. The main
outcomes of interest – patient comfort with questions regarding
gun access – were compared across groups using separate
ordinal logistic, generalized estimating equations for each
provider type. We used the generalized estimating equation to
account for clustering within hospital. The adjusted regression
included age, gender, race, ethnicity, marital status, region,
housing, education, income, number of children, and military
experience as covariates. Odds ratios and 95% confidence
intervals from the analyses are presented. Analyses were
conducted using SPSS v.25 (IBM Corporation, Armonk, NY)
RESULTS
Of the 1482 patients approached by RAs for inclusion in
the study, 625 were eligible and consented to participate. Of
those patients, 306 patients had access to firearms while 319 did
not. A total of 733 patients declined to participate with various
reasons provided in a qualitative free-text response. Other than
medical/pain-related concerns, patients cited being tired (n = 97),
that the survey was anticipated to take too long (n = 41), or they
had already been approached/taken survey (n = 13) as common
reasons for non-participation. Additionally, some patients
declined due to discomfort with firearms as the survey topic (n =
41), or dislike of firearms (n = 16), or they declined due to some
other discomfort with the topic of firearms (n = 25).
Demographics
When comparing those without firearm access to those
with access a few key features emerged (Table 1). Study
patients with firearm access (n = 191, 62.4%) were more
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Table 1. Demographic characteristics of study participants, gun access vs no access.
Characteristic
Age

No access
N = 319

Gun access
N = 306

45 (30 – 56.5)

47.5 (34 – 61)

Total
N = 625

0.01

Gender

< .001

Female

184 (57.7)

115 (37.6)

299

Male

135 (42.3)

191 (62.4)

326

Race
American Indian/Alaska Native

0.02
4 (1.3)

7 (2.3)

11

Asian

9 (2.8)

6 (2)

15

Black

221 (69.3)

176 (57.5)

397

Multiple

15 (4.7)

23 (7.5)

38

Native Hawaiian

4 (1.3)

9 (2.9)

13

66 (20.7)

85 (27.8)

151

296 (92.8)

283 (92.5)

579

23 (7.2)

23 (7.5)

46

Divorced

47 (14.7)

45 (14.7)

92

Married

58 (18.2)

98 (32)

156

Unmarried couple

25 (7.8)

26 (8.5)

51

Separated

20 (6.3)

11 (3.6)

31

156 (48.9)

112 (36.6)

268

13 (4.1)

14 (4.6)

27

White
Ethnicity
Not Hispanic
Hispanic

0.38

Marital status

Single
Widowed

0.002

Housing

0.004

Apartment

126 (39.5)

74 (24.2)

200

House

151 (47.3)

184 (60.1)

335

Homeless

10 (3.1)

9 (2.9)

19

Hotel

4 (1.3)

4 (1.3)

8

Nursing home/assisted living

4 (1.3)

10 (3.3)

14

Shelter

6 (1.9)

7 (2.3)

13

Staying with friends/family

18 (5.6)

18 (5.9)

36

Region
Rural

< .001
26 (8.2)

63 (20.6)

89

Suburban

113 (35.4)

123 (40.2)

236

Urban

180 (56.4)

120 (39.2)

300

No school or only kindergarten

2 (0.6)

9 (2.9)

11

Elementary

4 (1.3)

7 (2.3)

11

Highest education level

Some high school

0.11

38 (11.9)

29 (9.5)

67

High School graduate or GED

105 (32.9)

84 (27.5)

189

Some college or technical school

101 (31.7)

99 (32.4)

200

College graduate

69 (21.6)

78 (25.5)

147

Employment

0.06

Homemaker

16 (5)

11 (3.6)

27

Student

32 (10)

20 (6.5)

52

127 (39.8)

126 (41.2)

253

Employed
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Table 1. continued.
Characteristic

No access
N = 319

Gun access
N = 306

Total
N = 625

Employment

0.06

Out of work (<1 year)

25 (7.8)

19 (6.2)

44

Out of work (>1 year)

47 (14.7)

35 (11.4)

82

Retired

50 (15.7)

55 (18)

105

Self-employed

22 (6.9)

42 (13.7)

64

Income

0.01

<$15,000

114 (35.7)

77 (25.2)

191

$15,000-25,000

58 (18.2)

45 (14.7)

103

$25,000-35,000

35 (11)

36 (11.8)

71

$35,000-50,000

33 (10.3)

50 (16.3)

83

$50,000-75,000

37 (11.6)

38 (12.4)

75

<$75,000

42 (13.2)

60 (19.6)

102

0

172 (53.9)

125 (40.8)

297

1

41 (12.9)

44 (14.4)

85

Number of children

0.02

2

51 (16)

58 (19)

109

3

25 (7.8)

31 (10.1)

56

4+

30 (9.4)

48 (15.7)

78

Number of children in home

0.9

0

206 (64.6)

191 (62.4)

397

1

49 (15.4)

48 (15.7)

97

2

33 (10.3)

33 (10.8)

66

3

15 (4.7)

15 (4.9)

30

16 (5)

19 (6.2)

35

17 (5.3)

42 (13.7)

59

4+
Military experience, N (%)

likely to be male when compared to those without access
(n = 135, 42.3%). Black participants formed the majority
of both groups (+access n = 176, 57.5%; -access n = 221,
69.3%), but our gun-accessing population self-identified more
frequently as White (n = 85, 27.8%) when compared to the
no access group (n = 66, 20.7%). Those with firearm access
tended to report being married (n = 98, 32.0%) and homedwelling (n = 184, 60.1%) more often when compared to the
non-firearm accessing group (n = 58, 18.2% and n = 151,
47.3%, respectively). The majority of non-firearm accessing
individuals reported living in an urban environment (n = 180,
56.4%) in comparison to those with access (n = 120, 39.2%),
who were more likely to live in suburban (n = 123, 40.2%)
or rural (n = 63, 20.6%) regions. There was no significant
difference between education and employment levels in our
population, although patients with firearm access were more
affluent and had fewer children than the non-access patients.
Those with firearm access were also more likely to have
military experience (n = 42, 13.7%) than the non-access (n =
17, 5.3%) group.
Western Journal of Emergency Medicine

P-value

0.001

Perspectives
Firearm Discussions Compared to Other Behavioral Health
Discussions
We reviewed patient opinion regarding the acceptability
of firearm-safety discussions relative to analogous behavioral
health topics. Patients generally agreed that firearms should
be regarded similarly to other public health topics, such
as cigarette smoking, alcohol use, and use of helmets and
seatbelts. While agreement was high for both those with and
without firearm access, those with access agreed to a lesser
extent than their non-accessing counterparts (Table 2).
Firearm Discussions Comparing Healthcare Provider Types
As in prior studies, it appears both groups were in
agreement that asking about firearms is appropriate. Patients
with gun access were less likely to strongly agree that it is
appropriate for providers to conduct medically indicated
firearm safety discussions compared with patients without
access, although they still generally found such discussions
acceptable. Of note, both patients with gun access and those
482
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Table 2. Opinion of study patients on discussing different public health topics with a provider: gun access vs no gun access.
Strongly
disagree

Disagree

Neither agree
nor disagree

Agree

Strongly
agree

No access

22 (6.9)

13 (4.1)

8 (2.5)

77 (24.1)

197 (61.8)

Gun access

40 (13.1)

33 (10.8)

29 (9.5)

70 (22.9)

134 (43.8)

No access

24 (7.5)

14 (4.4)

10 (3.1)

74 (23.2)

197 (61.8)

Gun access

32 (10.5)

37 (12.1)

26 (8.5)

72 (23.5)

139 (45.4)

Public health topic
Smoking cigarettes

OR (95% CI,
unadjusted)

OR (95% CI,
adjusted)

0.44 (0.31 – 0.64) 0.45 (0.31 – 0.65)

Drinking alcohol

0.48 (0.32 – 0.72) 0.48 (0.32 – 0.72)

Helmet use

0.60 (0.40 – 0.90) 0.67 (0.44 – 1.02)

No access

18 (5.6)

21 (6.6)

43 (13.5)

91 (28.5)

146 (45.8)

Gun access

33 (10.8)

42 (13.7)

46 (15)

71 (23.2)

114 (37.3)

Seatbelt use

0.46 (0.33 – 0.66) 0.52 (0.36 – 0.75)

No access

12 (3.8)

15 (4.7)

30 (9.4)

91 (28.5)

171 (53.6)

Gun access

39 (12.7)

41 (13.4)

39 (12.7)

65 (21.2)

122 (39.9)

Gun safety

0.57 (0.4 – 0.79)

No access

33 (10.3)

27 (8.5)

34 (10.7)

82 (25.7)

143 (44.8)

Gun access

44 (14.4)

45 (14.7)

46 (15)

71 (23.2)

100 (32.7)

0.60 (0.41 – 0.88)

OR, odds ratio; CI, confidence interval.

Table 3. Opinion of patients regarding provider type initiating firearm safety discussions, gun access vs no gun access.
Provider type that can
ask about gun access if
medically indicated

Strongly
disagree

Disagree

Neither
agree nor
disagree

Agree

Strongly
agree

Physician
No access

23 (7.2)

26 (8.1)

39 (12.2)

97 (30.4)

134 (42.0)

Gun access

28 (9.2)

30 (9.8)

43 (14.1)

91 (29.7)

114 (37.3)

APP
No access

21 (6.6)

33 (10.3)

42 (13.2)

102 (32.0)

121 (37.9)

Gun access

33 (10.8)

33 (10.8)

51 (16.7)

88 (28.8)

101 (33.0)

Nurse
No access

21 (6.6)

30 (9.4)

39 (12.2)

108 (33.9)

121 (37.9)

Gun access

29 (9.5)

33 (10.8)

50 (16.3)

95 (31.0)

99 (32.4)

Social Worker
No access

16 (5.0)

18 (5.6)

28 (8.8)

118 (37.0)

139 (43.6)

Gun access

30 (9.8)

29 (9.5)

41 (13.4)

99 (32.4)

107 (35.0)

No access

11 (3.4)

18 (5.6)

23 (7.2)

91 (28.5)

176 (55.2)

Gun access

25 (8.2)

23 (7.5)

31 (10.1)

93 (30.4)

134 (43.8)

No access

20 (6.3)

22 (6.9)

52 (16.3)

95 (29.8)

130 (40.8)

Gun access

28 (9.2)

29 (9.5)

53 (17.3)

95 (31.0)

101 (33.0)

MHP

Researchers

OR (95% CI,
unadjusted)

OR (95% CI,
adjusted)

0.81 (0.59 – 1.09)

0.98 (0.67 – 1.42)

0.74 (0.53 – 1.02)

0.85 (0.59 – 1.22)

0.73 (0.54 – 0.99)

0.82 (0.57 – 1.19)

0.61 (0.44 – 0.86)

0.67 (0.45 – 0.99)

0.60 (0.42 – 0.86)

0.73 (0.49 – 1.09)

0.72 (0.51 – 1.01)

0.76 (0.51 – 1.13)

APP, advanced practice provider, MHP, mental health provider, OR, odds ratio, CI, confidence interval.
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struck with a gun (n =56, 18% vs n = 28, 8.8%), unintentionally
shooting themselves or others (n = 56, 18% vs n=28, 8.8%),
and reporting medical treatment due to firearm-related injury
(n = 73, 23.9% vs n = 11, 3.4%) than those without access.
Other types of violence such as physical violence, sexual
violence, and domestic violence, while prevalent, did not differ
significantly between groups (Table 5).

Figure 1. Patient degree of agreement that discussing with
each provider type is appropriate in A (patients with gun access)
and B (patients without gun access). Error bars represent 95%
confidence intervals.
APP, advanced practice providers; MHP, mental health professional.

without access agreed that it was most appropriate to have
gun safety discussions with mental health providers followed
by physicians, while discussions with nurses and researchers
were marginally less appropriate but still acceptable overall.
(Table 3, Figure 1)
.
Firearm Discussions in Various Clinical Scenarios
Patients were generally in agreement that it is appropriate
to discuss firearm risk/safety across multiple clinical
scenarios. Both the firearm access and no access groups
agreed (P-value <.001) that providers can ask about firearms
in the following clinical scenarios: personal and family
depressed/suffering from mental health issues; children in
the home; personal or family memory problems; cases of
suspected domestic violence; and victim or perpetrator of
violent injury. As with the provider type, while both patients
with and without access to firearms generally believed it was
appropriate to discuss firearms in these contexts, agreement
was lower for those with access (Table 4).
Patient Past Experience of Violence
Past experience of violence was highly prevalent for both
those with and without access to firearms. Notably, those with
access to firearms experienced significantly more workplace
violence (n = 70, 22.9%) and had been shot (n = 62, 20.3%)
significantly more than those with no access (n = 22, 6.9% and
n = 23, 7.2% respectively). Additionally, those with access
were more likely to report having been “pistol whipped” or
Western Journal of Emergency Medicine

Access
Gun-accessing patients made up about half of the sample
with 306 of 625 participants total having access to firearms.
Of the handguns reviewed, 19.1% of patients indicated that
they stored them “loaded and unlocked,” which is regarded
as the least safe of possible options. Long guns followed a
similar pattern with 19.3% of patients storing them “loaded
and unlocked.” Conversely, 31.9% of patients’ handguns and
33.3% of patients’ long guns were designated as “unloaded
and locked,” which is regarded as the safest of possible
options. Of patients’ “other guns” category, 29.7% of patients
stored them “loaded and unlocked,” while 23.1% stored them
“unloaded and locked” (Table 6).
Patients with firearm access indicated that their primary
reason for ownership was for “personal protection” inclusive
of protection against both “strangers” and “people I know.”
Handguns were owned for “personal protection” (84.3%)
followed distantly by “hunting” (23.4%), “other sporting
use” (15.7%), “some other reason” (14.0%), and “collection/
hobby” (13.2%). For long guns, “personal protection” still led
(67%) with “hunting” by a closer margin (46%), and “other
sporting use” (28.0%), “collection/hobby” (26.0%), and
“some other reason” (9.3%) following thereafter. Other guns
were owned for “personal protection” in the majority of cases
(67.0%) followed by “some other reason” (33.0%), “other
sporting use” (12.1%), and “collection/hobby” (11.0%).
DISCUSSION
Firearm injury prevention and safety discussions in the
healthcare setting are emerging as promising intervention
opportunities to reduce injury burden on communities. By
surveying patients in three clinically diverse ED populations,
we sought to better understand the motivations, attitudes, and
experiences of patients likely to be the focus of future safety
intervention. The degree of firearm ownership with various
demographic groups tends to mirror national estimates, with a
large proportion of gun-accessing patients being male with prior
military service, but a higher degree of patients self-identifying
as Black, living in an urban or suburban region in this particular
sample. Consistent with prior studies, patients reported being
open to firearm discussions with their doctor or healthcare
provider, suggesting support for potential clinical interventions.
In this study, patients generally regarded firearm safety
discussions as similar to other clinically relevant topics such
as helmet use, seatbelt wearing, and substance use counseling.
Furthermore, novel findings support that patients (both firearm
484
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Table 4. Opinion of patients on providers asking about access to guns in various clinical settings, gun access vs no gun access.

It is ok for providers to ask patient
about access to guns

Strongly
Disagree, N
(%)

Disagree, N
(%)

Neither
Agree nor
Disagree, N
(%)

Agree, N (%)

Strongly
Agree, N (%)

If depressed/ suffering from mental
health

P-value
< .001

No access

22 (6.9)

21 (6.6)

15 (4.7)

73 (22.9)

188 (58.9)

Gun access

39 (12.7)

36 (11.8)

39 (12.7)

65 (21.2)

127 (41.5)

If family depressed/ suffering from
mental health

< .001

No access

20 (6.3)

22 (6.9)

18 (5.6)

76 (23.8)

183 (57.4)

Gun access

38 (12.4)

43 (14.1)

44 (14.4)

62 (20.3)

119 (38.9)

If there are children in the home

< .001

No access
Gun access

19 (6)

17 (5.3)

31 (9.7)

72 (22.6)

180 (56.4)

43 (14.1)

40 (13.1)

39 (12.7)

63 (20.6)

121 (39.5)

If I am elderly/ have memory problems

< .001

No access

21 (6.6)

22 (6.9)

33 (10.3)

68 (21.3)

175 (54.9)

Gun access

44 (14.4)

40 (13.1)

48 (15.7)

54 (17.6)

120 (39.2)

If family member is elderly/ has
memory problems

< .001

No access

20 (6.3)

29 (9.1)

36 (11.3)

63 (19.7)

171 (53.6)

Gun access

37 (12.1)

48 (15.7)

45 (14.7)

66 (21.6)

110 (35.9)

In cases of suspected domestic
violence

< .001

No access

22 (6.9)

20 (6.3)

20 (6.3)

60 (18.8)

197 (61.8)

Gun access

41 (13.4)

42 (13.7)

38 (12.4)

58 (19)

127 (41.5)

If I am the victim of violent injury

< .001

No access

20 (6.3)

24 (7.5)

22 (6.9)

73 (22.9)

180 (56.4)

Gun access

37 (12.1)

44 (14.4)

43 (14.1)

58 (19)

124 (40.5)

21 (6.6)

23 (7.2)

22 (6.9)

61 (19.1)

192 (60.2)

35 (11.4)

33 (10.8)

49 (16)

59 (19.3)

130 (42.5)

If I am the perpetrator of violent injury
No access
Gun access

< .001

P-values were computed using the x test.
2

accessing and not) find firearm safety discussions acceptable
and appropriate in a wide variety of clinical scenarios and
coming from diverse healthcare provider types, which has
not been explored in prior research settings. Somewhat
surprisingly, the investigators found a very high prevalence of
violent victimization in the study population. The number of
firearm-accessing patients who had been shot, pistol whipped,
or had accidentally shot themselves or others merits further
analysis and research attention. Patients claim personal
protection as their primary reason for ownership across all
firearm types, which has implications for future intervention
counseling, especially when considering the potential for
history of violent victimization. Handguns, the firearm
type most associated with self-inflicted and interpersonal
Volume 22, no. 3: May 2021

violence,19 were not stored in the safest manner, “unloaded
and locked,” providing potential room for further exploration
and intervention in this high-risk population.
The results presented here lend investigators a more
informed perspective when approaching firearm safety
discussions in a largely urban population with a high
prevalence of violence. By tailoring risk-benefit and safety
counseling discussions to local customs, norms, and attitudes,
future interventions can be pursued using a regionally
relevant, evidence-based framework. Additionally, the
findings here support the growing body of evidence calling for
interventions that emphasize a trauma-informed approach20 to
ensure future intervention approaches recognize the impact of
past violence on patient attitude, behavior, and health.
485

Western Journal of Emergency Medicine

Patient Characteristics and Perspectives of Firearm Safety Discussions in the ED

Hudak et al.

Table 5. History of violence among study patients, gun access vs no gun access.
Violent experience type, N (%)
Victim of physical violence
Was a gun used?

No gun access

Gun access

P-value

103 (32.3)

121 (39.5)

0.1

36 (35)

48 (39.7)

0.56

54 (16.9)

68 (22.2)

0.21

Was a gun used?

13 (24.1)

25 (36.8)

0.19

Victim of domestic violence

77 (24.1)

86 (28.1)

0.36

Was a gun used?

13 (16.9)

27 (31.4)

0.049

22 (6.9)

70 (22.9)

0.01

6 (27.3)

22 (31.4)

0.92

Been shot

23 (7.2)

62 (20.3)

0.01

Been struck/pistol whipped

28 (8.8)

56 (18.3)

0.01

Accidentally shot self/others

8 (2.5)

42 (13.7)

< .001

Needed medical treatment

11 (3.4)

73 (23.9)

< .001

Other injury after threatened by gun

21 (6.6)

41 (13.4)

0.047

Gang affiliation

10 (3.1)

3 (1)

0.11

Victim of sexual violence

Workplace violence
Was a gun used?

P-values were computed using the x test.
2

LIMITATIONS
There are multiple limitations when interpreting the
results of this study. Patients were recruited from three
clinically diverse urban, southern EDs, with a large proportion
self-identifying as Black and lower income, with a high
prevalence of violent victimization. The results may not
be generalizable to other regions or different demographic
groups. Additionally, the inherent nature of survey-based
methodology introduces the potential for sampling bias,
participant response bias, and question-order bias. Efforts to
reduce the effects of these biases were made in constructing
the survey based on prior national, validated survey
instruments and validating the new survey instrument through

Table 6. Patient primary reason for gun ownership and gun
storage method.
Handgun

Long gun

Other gun

Hunting

55 (23.4)

69 (46)

0 (0)

Personal protection

198 (84.3)

92 (61.3)

61 (67)

Collection/hobby

31 (13.2)

39 (26)

10 (11)

Other sporting use

37 (15.7)

42 (28)

11 (12.1)

Some other reason

33 (14)

14 (9.3)

30 (33)

Loaded and unlocked

45 (19.1)

29 (19.3)

27 (29.7)

Unloaded and
unlocked

75 (31.9)

33 (22)

18 (19.8)

Loaded and locked

75 (31.9)

39 (26)

25 (27.5)

40 (17)

50 (33.3)

21 (23.1)

Reason for owning, N (%)

Storage method, N (%)

Unloaded and locked

Western Journal of Emergency Medicine

extensive piloting and expert review. The ability to lock
each survey domain was used in an effort to limit participant
response bias, especially with respect to the perspectives and
access survey-domain responses.
Another limitation of the study was survey length.
In particular, the firearm-accessing respondents had the
potential to receive up to 198 questions. Efforts to reduce
survey length were created by using branching logic question
templates to reduce unnecessary questioning and tailor
questions specific to the respondent. Unfortunately, the
survey length could have resulted in answer fatigue and bias
in survey responses. Encouragement prompts were used in
the survey instrument in an effort to pace participants, as
were RAs trained to assist if interruptions occurred. The
extensive questioning also poses its own limitation in that
the vast amount of data for potential review limited the
ability to present all interesting and potentially relevant
findings and will require subsequent analyses to further
explore the population nuances in future research.
CONCLUSION
Firearm safety discussions in the ED are well accepted
by patients and can be delivered by a variety of providers in
diverse clinical scenarios. This concept builds upon research
supporting such safety discussions in healthcare populations,
despite perceived potential discomfort experienced by both
providers and patients. Engaging firearm owners in respectful,
culturally appropriate risk-benefit discussions with trained
providers offers a promising opportunity to improve safety
and storage habits in high-risk populations. Furthermore,
using a trauma-informed approach, especially considering
patient past experience of violence, should be considered and
further explored in future research.
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Introduction: Firearm-related deaths and injuries are ongoing public health issues in the United States.
We reviewed a series of gun violence- and firearm-related injuries treated at a multi-campus community
healthcare system in West Michigan to better understand the demographic and clinical characteristics
of these injuries. We also studied hospital charges, and payers responsible, in an effort to identify
stakeholders and opportunities for community- and hospital-based prevention.
Methods: We performed a retrospective review of firearm injuries treated at Mercy Health Muskegon
(MHM) between May 1, 2015 and June 30, 2019. Demographic data, injury type, Injury Severity Score
(ISS), anatomic location and organ systems involved, length of stay (LOS), mortality, time of year, and
ZIP code in which the injury occurred were reviewed, as were hospital charges and payers responsible.
Results: Of those reviewed, 307 firearm-related injuries met inclusion criteria for the study. In 69.4%
of cases the injury type was attempted murder or intent to do bodily harm. Accidental and self-inflicted
injuries accounted for 25% of cases. There was a statistically significant difference in the mechanism
of injury between Black and White patients with a higher proportion of Black men injured due to
gun violence (P < 0.001). Median ISS was 8 and the most commonly injured organ system was
musculoskeletal. Median LOS was one day. Self-inflicted firearm injuries had the highest rate of mortality
(50%) followed by attempted murder (7%) and accidental discharge (3.1%; P < 0.001). Median hospital
charge was $8,008. In 68% of cases, Medicaid was the payer. MHM received $4.98 million dollars in
reimbursement from Medicaid; however, when direct and indirect costs were taken into account, a loss of
$12,648 was observed.
Conclusion: Findings from this study reveal that young, Black men are the primary victims of gun
violence-related injuries in our West Michigan service area. Hospital care of firearm-related injuries at
MHM was predominantly paid for by Medicaid. Multiple stakeholders stand to benefit from funding and
supporting community- and hospital-based prevention programs designed to reduce gun violence and
firearm-related injuries in our service area. [West J Emerg Med. 2021;22(3)488-497.]

INTRODUCTION
Firearm-related deaths and injuries are ongoing public health
issues in the United States (US) and in West Michigan. The
Western Journal of Emergency Medicine

increasing frequency of these events, most recently in prominent
cities such as Atlanta, GA and Boulder, CO, has placed a growing
toll on communities nationwide, both in terms of morbidity and
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mortality, and monetary cost.1 While mass casualty incidents have
historically received the majority of media attention, fatalities
in mass shooting incidents in the US account for only a fraction
of all gun murders that occur nationwide each year.2-4 If we
define mass casualty incidents as those events involving four or
more victims (excluding the shooter), there were 373 reported
deaths in 2018.2 Overall, between 2010–2016 there were more
than 595,000 injuries reportedly caused by firearms in the US.5,6
During that same period, firearms were involved in 8133 deaths
in the state of Michigan.7
Mercy Health Muskegon (MHM) is a community-based
healthcare system located in West Michigan. A member of
Trinity Health, MHM through its three hospital campuses
provides an estimated 90% of healthcare services to the region
it serves.8 Each campus, by way of its associated emergency
department (ED), serves a unique patient population. The
system’s Hackley and Sherman campuses, for example,
serve inner city, suburban, and rural populations. They also
accept transfer patients from other hospitals. Alternatively, the
Lakeshore campus predominantly serves a rural population.
Mercy Health Muskegon established a Level II trauma center
on its Hackley Campus on May 1, 2015. The opening of this
center has resulted in numerous benefits to the surrounding
communities, including having 24-hour access to multiple
specialties, a dedicated trauma service, and a trauma coordinator
to assist with quality improvement and outcome reporting.
Our goal in this study was to describe the demographic,
clinical, and situational characteristics of firearm injuries,
as well as outcomes, hospital charges, and payers. This
information could be used to support future resource allocation
and firearm-related injury prevention efforts.
METHODS
After obtaining approval from the Mercy Health Grand
Rapids Institutional Review Board, we performed a retrospective
review of all firearm-related injuries treated at MHM hospital
EDs between May 1, 2015–June 30, 2019. These hospitals
included Mercy Health Lakeshore Campus, Mercy Health
Muskegon Campus, and Mercy Health Hackley Campus. A start
date of May 1, 2015, was chosen because it was the first day
Mercy Health Hackley Campus began servicing the community
as a Level II trauma center. For the purpose of this study, we
defined firearm injuries as any injury resulting from the discharge
of a firearm with penetration or abrasion to the subject’s body by
the projectile. We used preselected International Classification
of Diseases, revisions 9 and 10 (ICD)-9 and ICD-10 diagnostic
codes (Supplement 1) to query the hospital charges database
to identify patients. After identifying potential charts, two
investigators (CM and RK) independently reviewed each
patient’s chart to ensure it met criteria for inclusion (Figure 1). Of
the 381 cases identified by ICD coding, 74 cases were excluded.
Study variables included the following: age; gender;
race; mechanism of injury (e.g., attempted murder, accidental,
self-inflicted); firearm involved; method of arrival to hospital
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Firearm related deaths and injuries are a major
public health issue in the United States. Though
more heavily publicized, mass shootings make up
a minority of these events.
What was the research question?
Our goal in this study was to describe the
demographic, clinical, and situational
characteristics of firearm injuries in our
community, as well as analyze outcomes, review
hospital charges, and track payers.
What was the major finding of the study?
Hospital-based care of gun violence injuries in
our community is resource intensive, leads to
significant Medicare expenditures, and results in a
net loss of revenue for our health care system.
How does this improve population health?
These findings will support future resource
allocation and firearm-related injury prevention
efforts in the community.

(e.g., ambulance, car); Injury Severity Score (ISS); anatomic
location(s) of injury(ies); organ system(s) affected; comorbidities
requiring treatment during that visit/stay; length of stay (LOS);
mortality; time of year (month); geographic region of injury
(ZIP code); hospital charges; and payer. For the purposes of this
study, hospital charges included only fees charged by the hospital
itself. Other charges related to patient care, such as professional
fees charged by emergency physicians, anesthesiologists, and
radiologists in private practice, were not captured. Also omitted
were charges associated with after-visit care at other facilities
(e.g., acute rehabilitation stays, physical therapy visits).
We calculated summary statistics for the data. Quantitative
data are shown as mean ± standard deviation or median and
interquartile range (IQR) or minimum/maximum values for
non-normally distributed variables. Nominal data are shown as
percentages. Quantitative data were compared using the KruskalWallis test and nominal variables were compared using the chisquare or Fisher’s exact test when appropriate. We analyzed data
using SPSS Statistics, v. 23 (IBM Corp., Armonk, NY).
RESULTS
Patient and Clinical Characteristics
A total of 307 firearm-related injuries met inclusion criteria
for the study. Table 1 shows the demographic, clinical, and
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Figure 1. Inclusion flow chart.

firearm injury characteristics of our subjects. The average age
was 27.2±12.9 years, and patients were predominantly male.
Blacks accounted for more than 70% of injuries. Median ISS was
8 ([IQR: 1-15], n = 165), and less than 10% of patients had other
medical comorbidities treated concurrently. The median ISS was
significantly lower for injuries related to accidental discharge (1
[IQR: 1-9.3]) when compared to self-inflicted wounds (21 [IQR:
6.5-25]; P = 0.002) as well as between accidental discharge and
attempted murder/bodily harm (9 [IQR: 2.5-14]; P = 0.03. Table
2 depicts comparisons by mechanism of injury.
Injury-Related Characteristics
Nearly 70% of injuries were the result of attempted murder
and were due to single rather than multiple gunshot wounds.
There was a statistically significant difference in the rates
of mechanism of injury between Black and White patients
(P <0.001). A higher proportion of Blacks were injured due
to attempted murder, compared with Whites (85% vs 40%),
whereas rates of accidental discharge and self-inflicted injuries
were higher in White patients (47% vs 12.7% and 13% vs
2%, respectively). Patients with self-inflicted injuries were
significantly older than patients with injuries from an attempted
murder or bodily harm (39 [25.7-62] vs 25 [19-31.5]; P =
0.011), as well as for self-inflicted injuries and accidental
discharge (22 [17.3-34.8]; P = 0.008; Table 2). Handguns were
the most common type of weapon used; however, weapon type
was documented in only 33% of cases. Mode of transportation
to the ED was split closely between private vehicle/walk-in and
ambulance arrival. Injury location and body system involved
are shown in Figure 2A and 2B. The majority of injuries were
to the distal extremities. Musculoskeletal injuries accounted
for the bulk of cases (70%), ranging from compound fractures
to mild musculoskeletal tears. Other organ system injuries
occurred much less frequently.
Western Journal of Emergency Medicine

Mortality, Length of Stay, and Hospital Charges
Tables 2 and 3 show results related to mechanism of injury
comparisons and overall LOS, survival, hospital charges, and
payers, respectively. More than 90% of visits related to firearm
injuries were non-fatal, resulting in a median LOS of one day.
Self-inflicted firearm injuries had the highest rate of mortality
(50%) compared with attempted murder (7%) and accidental
discharge (3.1%; P < 0.001). Median LOS in survivors was
significantly different between injuries related to accidental
discharge compared with self-inflicted (1 [IQR: 1-1] vs 2 [IQR:
1-3]; P = 0.007, respectively) as well as between accidental
discharge injuries and attempted murder/bodily harm (1 [IQR:
1-3]; P < 0.001). Of the 26 fatalities, 19 were due to a non-selfinflicted cause, and 7 were attributed to the victims themselves.
Total hospital charges for patients treated for firearm-related
injuries were $6.37 million.Median hospital charge was $8,008
[IQR: $2,024 –$21,716]. Median charges were significantly
lower for accidental injuries compared with attempted
murder/bodily harm injuries ($1381 [IQR: $825-$10,041] vs
$10,184 [IQR: 3314-$31,250]; P < 0.001) and self-inflicted
injuries ($19,508 [IQR:10,849-$25,921]; P < 0.001). Hospital
reimbursement for the care of the majority of patients (67.8%)
was provided by Medicaid. When direct and indirect costs were
taken into consideration, MHM reported a $12,648 loss on
the care of these patients (Nagengast, CPA, FHFMA, and C.
Kosheba [personal communication, July 27, 2020]).
Time of Year and Region
The number of firearm injuries by time of year is shown
in Figure 3. Most occurred during the summer months.
When comparing by time of year (e.g., winter: DecemberFebruary; spring: March-May; summer: June-August; and
fall: September-November) this trend was not statistically
significant (P = 0.54; Table 2). Of injuries recorded, 79%
490

Volume 22, no. 3: May 2021

Gun Violence and Firearm Injuries in West Michigan: Targeting Prevention

Mattson et al.

Table 1. Demographic, clinical and firearm injury characteristics,
N = 307.
Characteristic
Age, years*

No. (%)^
27.7 ± 12.9

Gender
Male

273 (88.9)

Female

34 (11.1)

Race
Black

224 (73.0)

White

81 (26.4)

Multiracial

2 (0.7)

Ethnicity
Hispanic/Latino
Injury Severity Score, (n = 165)

9 (2.9)
#

Patients receiving treatment for comorbidities
during management of firearm injury

8 [1-15]
17 (5.5)

Mechanism of injury
Attempted murder

213 (69.4)

Accidental discharge/mishandling of a weapon

64 (20.8)

Other/unknown

16 (5.2)

Self-inflicted

14 (4.6)

Mechanism of arrival (n = 304)
Ambulance

154 (50.7)

Private vehicle/walking

150 (48.9)

Previous gun injury

18 (5.9)

Projectile number
Single gunshot

240 (78.2)

Multiple gunshots

67 (21.8)

Weapon type (n = 99)
Handgun

61 (61.6)

Shotgun

6 (6.1)

Long gun
BB gun/air gun

3 (3)
29 (29.3)

Treating location
Hackley Hospital (inner city)

253 (82.4)

Mercy Health Muskegon (inner city)

46 (15)

Lakeshore Hospital (rural)

8 (2.6)

^Unless otherwise noted.
*Mean ± standard deviation.
#
Median [interquartile range].

occurred within two ZIP codes, which included the cities of
Muskegon and Muskegon Heights.
DISCUSSION
Our results showed more than 90% of visits related to
firearm injuries were non-fatal, with ISS scores on the lower
end resulting in a median LOS of one day. This appears to be
Volume 22, no. 3: May 2021

the result of numerous superficial or distal injuries not requiring
prolonged (or any) hospitalization. Many patients were
discharged home on the same day as their presentation to the
ED. Most injuries occurred within two ZIP codes served by our
hospital system with the majority occurring during the warmer
months of the year. Characteristics of the patient population and
mechanism of injury included high rates of attempted murder/
bodily injury involving Black males. These findings are similar
to previous demographic studies of gun violence injuries in
other communities.1,9,10 Accidental discharge injuries were
associated with lower ISS, LOS, and hospital charges, whereas
self-inflicted injuries occurred mainly in older adults and were
more expensive with higher mortality rates.
Violent Crime
The high incidence of firearm-related injuries has received
intense scrutiny throughout the nation. In 2018, firearmrelated violence made up 26.1% of all aggravated assaults in
the United States.11 Recently, gun violence has again erupted
in cities such as Atlanta, GA and Boulder, CO, highlighting
the continued relevance. During our defined study period,
Michigan State Police reported 618 cases involving a firearm
in Muskegon County, 36 of which resulted in death.12 As a
result, Mercy Health EDs are frequently charged with caring
for the victims of firearm injuries.
Blacks were victims of 73% of all firearm-related
injuries during the study period. Furthermore, of the 226
events where ZIP code was recorded, we found 80% were
clustered within 49442 and 49444. These ZIP codes include
the cities of Muskegon and Muskegon Heights. A 2016 FBI
statistics report showed the 49442 and 49444 ZIP codes were
home to some of the highest violent crimes per capita in the
state.13 These same areas have a 74.5% Black population
with a poverty rate of 37.9% (national poverty rate estimated
to be approximately 15.7%).14 The Muskegon County
population (containing both cities previously described) is
estimated to be 81.2% White, 14% Black, and 5.8% Hispanic
or Latino, for comparison.14 Multiple peer-reviewed sources
note that individuals suffering from low socioeconomic
status are at increased risk for both committing and being
victims of violent crime.15,16 The apparent racial disparity
appears to be related to socioeconomic conditions and
increased poverty rates in the local Black community,
particularly in these areas.
Researchers have attempted to identify individuals who
are at increased risk for interpersonal violence. Goldstick et al
developed the SaFETY score as a way to predict future firearm
violence. This risk-stratification tool identifies very high-risk
individuals (e.g., those with a SaFETY score > 5) who are
likely candidates for entry into resource-intensive programs.17
Similarly, Kramer et al18 established an algorithmic tool to
predict violent reinjury, the “Violent Reinjury Risk Assessment
Instrument,” which could help with resource allocation.
In addition to risk stratification, the Flint Youth Injury
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Study noted a strong relationship between substance use and
violence among a high-risk urban minority sample.19 Addressing
substance use and poverty and improving the socioeconomic
status of all American ethnic groups should be of paramount
importance. This may require a significant amount of
government and private aid in combination with public policy
reform over several years and perhaps even decades. A better
short-term solution may be to address gaps in public education
and to provide more outreach programs.19,20
The American Association for the Surgery of Trauma
Prevention Committee recommends hospital-based violence
intervention programs (HVIP) as a means of reducing
interpersonal violence.21 Throughout the country, physicians
and hospital systems have joined the effort to help reduce gun
violence in their respective communities with some success.1,22
Between 1999–2001, for example, the R. Adams Cowley Shock
Trauma Center in Baltimore, MD, implemented and reviewed a
HVIP.23 This model used a multidisciplinary approach, including
conflict resolution and public safety issues, recovery from
injury, development of positive skills/support, and connection
to community services. The center was able to demonstrate a
firearm injury recidivism rate for program participants of 5%,
compared with a 36% recidivism rate for the control group not
receiving violence intervention services, which translated to a
cost difference of $598,000 between groups.23
Two additional HVIPs, Within Our Reach and the
Wraparound Project, tested a varying degree of social services
to prevent re-injury in patients. The first program used a
control group that was provided simply a written list of
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services, whereas the treatment group received an assessment
and case management for six months. Both groups were
evaluated at six and 12 months after enrollment in the study;
overall they noted a 12.2% reduction in self-reported re-injury
in the intervention group (20.4% vs 8.1%).24 The latter project
focused on meeting the needs of patients in two specific
domains: mental health and employment. In their HVIP, they
were able to demonstrate a recidivism rate of 4.5% vs the
historical control of 16%.25
Prescription for Hope (RxH) took a unique approach:
RxH support specialists conduct an in-depth assessment of
patients admitted with a violent injury. They provide a tailored
plan with a multitude of community services and after analysis
of eight years of data demonstrated a 4.4% recidivism rate
among program participants.26
The cities of Muskegon and Muskegon Heights have
also taken steps to address the gun violence in parts of their
cities. For example, in June 2019 a local fundraiser supported
by police departments in Muskegon County and Meijer, Inc.,
created the first annual Guns for Groceries Community Health
and Safety Day. This “no questions asked” program allowed
citizens to exchange any type of weapon, to be appropriately
disposed of by the Muskegon Heights Police Department,
for a $100 grocery gift card. It was reported that 137 guns,
ranging from rifles to shotguns were collected.27 That same
month, religious, community, and business leaders began a
series of town hall meetings called Gaining Unity Through
Non-Violent Solutions or G.U.N.S. These meetings served as
an opportunity for community members to think about and

Table 2. Mechanism of injury comparisons.
Characteristic
Age*

Attempted murder/bodily
harm n=213

Accidental discharge
n=64

Self-inflicted
n=14

P-value

25 [19-31.5]

22 [17.3-34.8]^

39 [25.7-62] ^

0.011#; 0.008^

27 (12.7)

4 (1.9)

<0.001

#

#

Race, No. (%)
Black
White

182 (85.4)
31 (40.3)

36 (46.8)

10 (13)

9 [2.5-14]#
n=124

1 [1- 9.3]#^
n=18

21 [6.5-25]^
n=12

0.03#; 0.002^

1 [1-3]#
n=198

1 [1-1]#^
n=62

2 [1-3]^
n=7

<0.001#; 0.007^

Mortality, No. (%)

15 (7)

2 (3.1)

7 (50)

<0.001

Hospital charges*

$10,184
[$3,314-$31,250]

$1381
[$825-$10,041]

$19,508
[$10,849-$25,921]

<0.001

Fall

43 (20.4)

11 (17.2)

2 (14.3)

Spring

61 (28.9)

17 (26.6)

2 (14.3)

Summer

62 (29.4)

24 (37.5)

4 (28.6)

Injury Severity Score*
LOS, survivors

Time of year, No. (%)
0.54

Winter
45 (21.3)
12 (18.8)
6 (42.9)
*Median [interquartile range].
Superscripts #,^ denote the comparison between columns and their associated significant P-value.
LOS, length of stay.
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Figure 2. A) Firearm injury frequency by body area(s); B) body system(s) affected.

openly discuss ways that they could work together to better
support at-risk youth and reduce violence.28 In 2019, G.U.N.S.
held a fundraising basketball game in conjunction with local
law enforcement to help increase awareness in the community.
The event was so successful that the organization planned to
make it an annual event.29
Our study data, combined with grass root efforts ongoing in
the MHM service area and the fact that successful, healthcareled prevention programs already exist in other cities, suggest
that a physician-led, hospital-based program and clinical
screening tool to reduce gun violence would further benefit our
community. This would have the potential to not only improve
the health and safety of at-risk persons in our service area, but
also reduce preventable healthcare utilization and costs.
Accidental Injury
Within the study period there were 65 firearm injuries
classified as “accidental injuries.” The bulk of this group
was made up of young (average age 28), White (57.1%)
males (78.1%). These specific types of injuries carried a low
mortality rate of only 3.1%. Reasons for gun ownership in
Michigan vary from person to person, including protection/
safety, hunting, sport shooting, collector pieces, and vocational
requirements. Limited reporting prevented our ability to
statistically evaluate the events and mechanisms that caused
these “accidental injuries”; however, common accidents
we found included self-inflicted injury from mishandling a
weapon (cleaning, loading, or playing with the weapon) and
hunting/sport shooting accidents.
Currently, several organizations offer firearm training
courses, some free to the public, in and around Muskegon
County. These gun safety courses teach general firearm safety
rules: how to safely store your weapon; the fundamentals of
holding, loading, and shooting the weapon; and some courses
provide combat preparation for high-stress situations. Further
gun safety and training outreach should be considered for the
Volume 22, no. 3: May 2021

local communities of West Michigan to reduce the number of
“accidental injuries” from firearms. Most, if not all, cases are
preventable with better knowledge and safety precautions.30
In addition, due to the plentiful game and numerous
opportunities for hunting in the state of Michigan, there are
a large number of registered hunters. As mentioned above,
hunting and hunting-related activities are potential causes
for firearm-related deaths and injuries. In contrast to our
expectations, only a handful of cases were attributed to huntingrelated activities in our study group. In general, the MHM ED
sees few hunting-related accidents. This could be attributed to
the fact that hunting in this area is often a family activity, where
there is supervision from a parent or guardian. Credit could also
be given to state regulations mandating that all new hunters
born on or after January 1, 1960, must obtain a “hunter safety
certificate.”31 According to Michigan’s Department of Natural
Resources (DNR, in the 10 years leading up to 2019, there
were only 20 hunting-related fatalities in Michigan and 122
injuries. The DNR has tracked a steady decline in firearm-injury

Table 3. Outcomes, payer and cost information, N = 307.
Outcome

Value

Length of stay, days

1 (1-29)

#

Mortality, No. (%)

26 (8.5)

Payer

No. (%); total charges

Public aid

208 (67.8%); $4,979,964

Commercial insurance

30 (9.8%); $447,875

Blue Cross/Blue Shield

27 (8.8%); $344,555

Uninsured

24 (7.8%); $283,624

Medicare

15 (4.9%); $283,394

Other
#

493

3 (1.0%); $30,303

Median (minimum – maximum values).
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Figure 3. Frequency of firearm injuries in Michigan by month for
study period.

incidents since 1977, when they began to require hunters to
wear orange in the field and improved safety courses.32
Another confounding variable increasing “accidental
firearm injuries” is the mishandling by unregistered users,
specifically children who gain access to unsecured weapons. A
2005 study showed that locking up firearms and ammunition
reduced the risk of self-inflicted firearm injury by 78%, and
lowered risk of accidental pediatric firearm injury by 85%
compared with no intervention.30 Another study in 2019
estimated that if half of households with children attempted
to lock up their firearms, up to one third of youth gun suicide
and accidental deaths could be prevented.33 Currently there is
a national ad campaign called “End Family Fire,” endorsed by
at least 25 different organizations, whose aim is to decrease
the number of incidents of accidental firearm injury/death
related to inadequate safe gun-storage practices.34 Another
impressive resource is “Project Child Safe,” a program
supported by the National Shooting Sports Foundation.35 They
partner with local law enforcement throughout the nation to
provide free cable-style gun locks with safety instructions to
better secure one’s firarms.
Intentional Self-inflicted Injury
There were 14 “intentional or self-inflicted” firearm-injury
cases reported in our study group. The majority of these injuries
occurred in White (71.4%) men (78.6%), with a mean age of
42.5 years old. Seven cases, or 50%, resulted in mortality for
the victim. The mortality rate in this group was the highest
when compared with all other firearm injury groups.
According to aggregated data from the Centers for Disease
Control and Prevention, in 2017 the rate of suicide in the US
was approximately 14 victims per 100,000 persons.36 This
equated to roughly 42,700 suicides across the nation that year.36
Moreover, the rate of suicide within the State of Michigan was
Western Journal of Emergency Medicine
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also 14.1 victims per 100,000 persons.37 Although attempted
murder and homicide often make headlines, in most counties in
Michigan it is actually suicide and suicide attempts that make
up the largest number of firearm-related injuries. Between
2008–2013, for example, only three counties in Michigan
reported more homicides than suicides.38 For our purposes,
the county of Muskegon reported a much higher suicide
rate than the national average at roughly 17.9 victims per
100,000 persons.37 This equated to 71 suicides by firearm in
the county between 2015–2019.39 Initially we found it difficult
to explain why, given the higher than average suicide rate in
our community, we were seeing so few firearm-related suicide
victims in our EDs. After speaking with local law enforcement
officials we now believe this is likely due to the fact that
suicide attempts involving guns are very often fatal and that
these patients many times die outside of the hospital and never
actually make it to the ED.40
The high rate of “self-inflicted injuries” and mortality
associated with these injuries in Muskegon County is
distressing; however, local data-driven groups such as the
Muskegon County Suicide Prevention Coalition are actively
working to reverse this trend. Beginning in 2006, these groups
crafted a broad plan to reduce overall deaths by suicide. Their
guiding principles are to promote awareness, reduce stigma
and barriers, increase protective factors and reduce risk factors,
promote community resources, and to be data driven.41 To
improve suicide prevention and gun safety, they are working
with community leaders and healthcare officials in Muskegon
to implement outreach programs.42 For example, there is free
online training for healthcare professionals called CALM
(counseling on access to lethal means) provided through the
Suicide Prevention Resource Center. This educational course
helps providers identify red flags and reduce the access to lethal
means, such as firearms and medications.43
LIMITATIONS
We used ICD-9 and -10 codes, specific to firearmrelated injuries, to collect cases that occurred at MHM and
its Level II trauma center. Cases that were mislabeled or
coded with an alternative ICD 9/10 code may not have been
captured. Neither did we capture the number of individuals
who suffered mortality before transport. In addition, the
type of weapon involved was only documented 33% of the
time. On the basis of electronic health record charting alone,
it is difficult to make any definitive statements about the
types of firearms responsible for injuries in our community.
Further investigation and an emphasis on improving provider
documentation of weapon type is recommended. Injury
Severity Score data were recorded in only 53.7% of cases.
This may be due in part to the fact that in accordance with the
hospitals’ trauma registry inclusion criteria, injury scores were
not calculated for patients who were treated and discharged
directly from the ED (M. Kucera RN, BSN, Trauma Program
Manager, [personal communication, January 5, 2021]).
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In addition, we used hospital charges to the patient/
insurer to quantify economic burden. It should be noted that
analyzing hospital charges alone does not properly represent
the total burden to each patient. This total omits bills issued by
private providers and groups (anesthesiologists, radiologists,
emergency physicians, etc) or private ambulance services.
Furthermore, it does not include any costs incurred after
discharge from the hospital, which include acute rehabilitation,
visiting nurses, and physical therapy. Victims’ legal fees and lost
income/wages as a result of injuries sustained from a firearm
were not a part of this study.
We obtained the data in this study from three different
MHM EDs in West Michigan. As the frequency and nature of
gun violence can vary significantly by community, the results of
this study may not be generalizable to other EDs, hospitals, or
communities.
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Introduction: Rural areas have higher rates of firearm-related unintentional and suicide deaths.
Having access to a firearm greatly increases suicide risk. Safe firearm storage can be a major factor
in preventing these tragedies. In this study we evaluated firearm exposure and storage practices in
rural adolescents’ homes.
Methods: An anonymous survey was administered to a convenience sample of attendees at the
2019 Iowa FFA (formerly Future Farmers of America) Leadership Conference. We performed
descriptive, bivariate and multivariable logistic regression analyses.
Results: A total of 1,382 adolescents participated; 51% were males and 49% were females.
Respondents were 13-18 years old, and 53% lived on a farm, 18% in the country/not on a farm,
and 29% in town. Almost all (96%) self-identified as White/Caucasian. In their homes, 84%
reported having rifles/shotguns, 58% reported having handguns, and 56% reported having both
rifles/shotguns and handguns. Males were significantly more likely than females to report having
firearms in their home (P<0.001). The likelihood of having rifles/shotguns was greater if living on
a farm (odds ratio (OR) 4.19, 95% confidence interval (CI), 2.99-5.88) or in the country/not a farm
(OR 2.74, 95% CI, 1.78-4.24) compared to those in town. Similarly, the presence of handguns
in the home was increased if living on a farm compared to in town (OR 1.70, 95% CI 1.32-2.18).
Rifles/shotguns and handguns were stored unlocked and/or loaded at least some of the time in
62% and 58% of homes, respectively. Those who lived on farms compared to in towns were more
likely to have rifles/shotguns (OR 1.83, 95% CI 1.35-2.46) and handguns (OR 1.58, 95% CI 1.102.27) stored unlocked. For homes with unlocked rifles/shotguns, 46% stored ammunition unlocked.
For homes with unlocked handguns, 38% stored ammunition unlocked. Among those aware of
firearm storage in their home, 82% (802/974) reported at least one firearm stored either unlocked
and/or loaded at least some of the time.
Conclusion: The vast majority of rural adolescents we surveyed live in homes with firearms, and a
large proportion of those firearms are not stored safely. Widespread efforts are needed to educate
rural families about the importance of proper firearm and ammunition storage. [West J Emerg Med.
2021;22(3)498–509.]
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INTRODUCTION
Firearm-related injuries in the United States (US) are the
second leading cause of child and adolescent death, and the
nation’s pediatric mortality rate from firearms is the highest in
the world.1-3 According to World Health Organization data, the
US pediatric firearm-related unintentional and suicide death
rates for victims 5-14 years old were 12 and 11 times greater,
respectively, than those of 23 other industrialized countries.3
The firearm-related death rate for children 0-4 years old was
33 times higher.3 Moreover, from 2013–2017 the fatality rate
for youth in the US increased by 44%.4
Although pediatric firearm injuries may be intentional (eg.
homicide, suicide), a large proportion are unintentional. In fact,
more than half of pediatric admissions for firearm injuries in
children 15 years and younger are for unintentional injuries.5,
6
The majority of unintentional firearm fatalities in children
occur in the home, and most occur when the child is playing
with a loaded firearm.7 In the US, approximately one-third of
homes with children have a firearm present, and it is estimated
that approximately 4.6 million US children live in homes with a
firearm stored unlocked and loaded.8, 9
Suicide rates among America’s youth are increasing,
and tripled for those 10-14 years old from 1999 to 2014.1012
Suicide attempts by firearms are highly lethal with over
90% resulting in death.13 In one study, 65% of youths who
committed or attempted suicide by firearm obtained the gun
from their home.14 Having access to a firearm increases the
likelihood of suicide among youth.11
Several studies have shown that firearm-related
unintentional and suicide death rates are higher in rural as
compared to urban US counties.15-17 In 2019, the Firearm Safety
Among Children and Teens (FACTS) Consortium identified as
a research priority understanding how the availability, storage,
and presence of a firearm in the home affects youth outcomes.18
The objective of our study was to determine firearm exposure
and storage practices in the homes of rural adolescents, and to
identify demographic factors associated with having firearms
present and unsafely stored in the home.
METHODS
Study Population
This was a cross-sectional survey study of a convenience
sample of adolescents attending the 2019 Iowa FFA
Leadership Conference. FFA (formerly known as Future
Farmers of America) is a national organization with local
chapters in all 50 states and Puerto Rico. Membership
is free, and the organization offers students leadership,
personal growth, and career success training through
agricultural education. Conference attendees volunteered
and anonymously completed a written survey at the study
institution’s injury prevention booth. Surveys were completed
independently and reviewed by safety-booth staff for
completeness. Following the survey, participants were given
the opportunity to ask questions about gun safety, offered
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Rural areas have higher rates of firearmrelated unintentional and suicide deaths. In the
majority of these tragedies, the gun involved
was obtained from the home.
What was the research question?
We sought to determine firearm exposure
and storage practices in the homes of rural
adolescents who attended a state conference.
What was the major finding of the study?
Eighty-five percent of adolescents lived in a
home with a firearm. In many homes, firearms
and ammunition were stored unsafely.
How does this improve population health?
Understanding firearm practices in the homes
of rural adolescents will lead to evidencebased education to help prevent firearm-related
death and injury.

printed safety materials, and allowed to spin a wheel for a
small prize. All conference attendees were eligible to complete
the survey, but study analysis was restricted to those 13-18
years of age.
Survey
The survey was developed at the study institution by
members of the Injury Prevention Task Force and other
individuals interested in firearm injury prevention through
a collaborative and iterative process. The survey tool was
validated by 20 youth and young adults ages 11-22 years.
After completing the written survey, these volunteers
explained their responses to the questions and were asked
to clarify their answers if a question was not understood.
Verbal and written responses to questions were compared for
consistency. The survey was revised based on the results.
Demographic data collected included age (years), gender
(male, female, other), residence (on a farm, in the country/
not on a farm, in town), and race (White/Caucasian, Black/
African American, Hispanic Latinx, Asian, other). The
five individuals who answered “other” for gender were not
included in comparative analyses. Races/ethnicities besides
White/Caucasian were categorized as “other races” for
study purposes. Study data collected included the presence
of firearms and firearm storage methods in the participant’s
home. On the survey, the term “firearm” was defined as a
weapon “from which a bullet or other projectile is fired by
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gunpowder,” and did not include BB guns, pellet guns, or dart
guns. The term “home” included “the place you sleep and all
other buildings your family owns on the same property.” A
firearm was considered “unlocked” if it was “not locked in a
storage place or not stored with a trigger lock or cable.”
Participants were asked if there were any rifles/shotguns
and/or handguns in their home with responses “yes” and “not
that I know of.” The latter was used instead of “no” as some
adolescents may not be aware of firearms in the home. If the
respondent answered “yes” for either the presence of rifles/
shotguns or handguns, they were separately asked if these
firearms were stored loaded, unlocked, or both loaded and
unlocked. Answers for each included “Yes/Always,” “Yes/
Sometimes,” “No,” and “Not sure.” Those responding “Not
sure” were not included in comparative analyses. A firearm
was considered safely stored if it was always stored unloaded
and locked. Any firearm stored at least sometimes loaded and/
or unlocked was considered unsafely stored.
Data Analysis
The surveys were completed on paper and provided to
the research team for analysis. The institutional review board
deemed the research exempt as analysis was done on an
anonymously collected existing dataset. We entered data into
survey software (Qualtrics International, Inc, Provo, UT).
Aggregate results were then exported as an Excel spreadsheet
(Microsoft Corp, Redmond, WA) and imported into Stata 15.1
(StataCorp, College Station, TX). We performed descriptive
(frequencies), bivariate (chi square, Fisher’s exact test), and
multivariable logistic regression analyses. All P-values were
two-tailed, and a value <0.05 was considered statistically
significant. Missing data were not included in analyses.
RESULTS
Subject Demographics
A total of 1382 adolescents were included in analysis.
The proportion of males and females was nearly equivalent
(Table 1). Almost two-thirds were 16-18 years old. More
than half lived on a farm, almost one-fifth resided in the
country/not on a farm, and 29% lived in town. The vast
majority (96%) were White/Caucasian.
Firearms in the Home
Over four-fifths (84%) of respondents reported that at
least one rifle or shotgun was present in their homes, and
58% reported the presence of at least one handgun (Table 1).
More than one-half (56%) indicated that both rifles/shotguns
and handguns were present in their homes. Only 2% of
respondents reported having handguns only, and 27% reported
rifles/shotguns only.
Comparison of Rifle/Shotgun Presence in the Home
Males, older teens, and participants identifying as White/
Caucasian had significantly higher percentages reporting a
Western Journal of Emergency Medicine
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Table 1. Demographic and firearm-related variables of adolescent
survey respondents.
n (Col%)a
Group N
Gender
Male
Female
Age

13 years
14 years
15 years
16 years
17 years
18 years

Residence
Farm
Country/not a farm
Town

1382
697 (51%)
680 (49%)
29 (2%)
120 (9%)
330 (24%)
363 (26%)
321 (23%)
219 (16%)
727 (53%)
250 (18%)
400 (29%)

Race
White/Caucasian
Other races

1,320 (96%)
61 (4%)

Rifle/shotgun in home
Yes
Not that I know of

1,159 (84%)
223 (16%)

Handgun in home
Yes
Not that I know of

802 (58%)
580 (42%)

Combined firearms in home
Both rifle and handgun
780 (56%)
Rifle/shotgun only
379 (27%)
Handgun only
22 (2%)
None that I know of
201 (15%)
a
The sum of n may not equal the total Group N due to missing values.

rifle/shotgun in the home as compared to their peers (Table 2).
Participants who lived on a farm more frequently reported rifles/
shotguns in the home than those residing in the country/not on
a farm, (P<0.0001). Additionally, a higher proportion of both
of these groups reported the presence of rifles/shotguns in their
homes as compared to respondents who lived in town. Logistic
regression analysis demonstrated that males were 2.4 times more
likely than females, and that other races were 40% less likely
than Whites/Caucasians to report at least one rifle/shotgun in the
home. Those living on a farm and those living in the country/
not on a farm were 4.2 and 2.7 times more likely, respectively,
to report the presence of rifles/shotguns in the home than those
residing in town.
Comparison of Handgun Presence in the Home
Significantly more male respondents reported handguns
in the home as compared to females (Table 3). In terms of
residence, the frequency of reporting the presence of a handgun
in the home was on a farm > in the country/not on a farm > in
town, overall P<0.001. Logistic regression analysis showed that
500

Volume 22, no. 3: May 2021

Firearm Exposure and Storage Practices in the Homes of Rural Adolescents

Jennissen et al.

Table 2. Bivariate and multivariate logistic regression analyses regarding the presence of rifles/shotguns in the homes of adolescent
survey respondents.
Crosstab analysis
Yes n (Row %)
Group N

1,159 (84%)

b

No n (Row %)
a

b

Logistic regression analysis
P-value

Odds ratio

Confidence interval

223 (16%)

Gender

P < 0.001

Male

626 (90%)

71 (10%)

2.43

Female

530 (78%)

150 (22%)

1.0 (ref)

16-18 years

769 (85%)

134 (15%)

1.29

13-15 years

390 (81%)

89 (19%)

1.0 (ref)

Farm

660 (91%)

67 (9%)

4.19

2.99-5.88

Country/not a farm

216 (86%)

34 (14%)

2.74

1.78-4.24

Town

279 (70%)

121 (30%)

Age

1.77-3.35

P = 0.072

Residence

P < 0.001

Race
White/Caucasian

0.94-1.77

1.0 (ref)
P < 0.001

1,118 (85%)

202 (15%)

1.0 (ref)

Other races
40 (66%)
21 (34%)
0.43
0.24-0.78
The actual response was “Not that I know of” as homes may have had firearms but the adolescent respondent may not have known
that they were present.
b
The sum of n for a variable may not equal the total Group N due to missing values.
a

males were 1.35 times more likely than females to report having
a handgun in the home, and those living on a farm were 1.70
times more likely to report a handgun than those residing in a
town. No differences were seen by race/ ethnicity.

Firearm Storage Practices in the Home
Among those aware of rifle/shotgun storage practices
in their homes, almost one-third reported they were stored
sometimes or always loaded, and over one-half reported they

Table 3. Bivariate and multivariable logistic regression analyses regarding the presence of handguns in the homes of adolescent
survey respondents.
Crosstab analysis
Group N

Yes n (Row %)b

Noa n (Row %)b

580 (42%)

802 (58%)

Gender

Logistic regression analysis
P-value

Odds ratio

Confidence interval

P = 0.005

Male

430 (62%)

267 (38%)

Female

369 (54%)

311 (46%)

Age

1.35

1.08-1.68

1.0 (ref)
P = 0.358

16-18 years

516 (57%)

387 (43%)

13-15 years

286 (60%)

193 (40%)

Residence

0.77-1.11

1.0 (ref)
P < 0.001

Farm

458 (63%)

269 (37%)

Country/not a farm

143 (57%)

Town

198 (50%)

1.70

1.32-2.18

107 (43%)

1.30

0.95-1.80

202 (50%)

1.0 (ref)

Race
White/Caucasian

0.88

P = 0.370
769 (58%)

551 (42%)

1.0 (ref)

Other races
32 (52%)
29 (48%)
0.90
0.53-1.52
a
The actual response was “Not that I know of” as homes may have had firearms but the adolescent respondent may not have known
that they were present.
b
The sum of n for a variable may not equal the total Group N due to missing values.
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were stored sometimes or always unlocked (Table 4). Almost
one-fifth reported the rifles/shotguns were stored both loaded
and unlocked at least some of the time. Overall, only onethird of those with rifles/shotguns in their home indicated
they were safely stored at all times, ie, always stored
unloaded and locked.
As for adolescents aware of handgun storage in their
home, two-fifths reported the handguns were stored loaded,
nearly one-half reported they were stored unlocked, and
over one-fourth reported they were stored both loaded and
unlocked at least some of the time. Like rifles/shotguns,
only about one-third of youth with handguns in their
home reported they were always stored safely (unloaded
and locked). Of respondents overall who were aware of
how firearms were stored in their homes, over four-fifths
(802/974, 82.3%) reported at least one firearm was stored
either unlocked or loaded at least some of the time.
Comparison of Rifle/Shotgun Storage in the Home
As compared to their peers, males, older adolescents,
and Whites/Caucasians more frequently reported having
at least sometimes unlocked rifles/shotguns in the home
(Table 5). When comparing storage by residence location,
the percentage reporting unlocked rifles/shotguns in their
homes was in the following order: those living on farms
> those living in the country/not on a farm > those living

Stored loaded
731 (69%)

472 (60%)

Yes, sometimes

219 (21%)

170 (21%)

Yes, always

112 (11%)

151 (19%)

No

521 (47%)

400 (54%)

Yes, sometimes

337 (30%)

209 (28%)

Yes, always

251 (23%)

133 (18%)

No

879 (82%)

539 (73%)

Yes, sometimes

136 (13%)

124 (17%)

58 (5%)

71 (10%)

Safe storagec

360 (33%)

275 (37%)

Unsafe storaged

716 (67%)

463 (63%)

Stored unlocked

Stored loaded and unlocked

Yes, always
Overall storage

Does not include those who had no rifles/shotguns in the home or
were unsure of storage.
b
Does not include those who had no handguns in the home or
were unsure of storage.
c
Firearms always stored unloaded and locked.
d
Firearms stored at least sometimes loaded and/or unlocked.
a

Western Journal of Emergency Medicine

in town, overall P<0.001. Logistic regression analysis
indicated that males were 1.8 times more likely than
females, older teenagers were 1.3 times more likely than
younger teenagers, and those living on a farm were 1.8
times more likely than those residing in town to report
at least one rifle/shotgun always or sometimes stored
unlocked in their homes. In contrast to results for unlocked
rifles/shotguns, there were no significant demographic
differences with respect to rifles/shotguns being stored
loaded in the home.
Comparison of Handgun Storage in the Home
Males had significantly higher percentages reporting
handguns were loaded, unlocked, and both loaded and
unlocked as compared to females (Table 6). For those living
on a farm, a greater percentage also reported unlocked
handguns than those living elsewhere, P<0.001. Logistic
regression analysis showed males were 1.6 times, 1.7 times,
and 2.7 times more likely than females to report having
handguns stored loaded, unlocked, and both loaded and
unlocked, respectively. Those living on farms were 1.6 times
more likely than those from towns to report an unlocked
handgun at least some of the time.
Ammunition Storage Practices
Trends were similar when analyzing storage of
ammunition for both rifles/shotguns and handguns (Table 7).
For those aware of rifle/shotgun ammunition storage in their
homes, 28% said the ammunition was stored unlocked, 31%
stated it was locked with the firearms, and 41% reported
it was stored and locked separately from the firearms, ie,
safely. Among those aware of handgun ammunition storage
practices, 25% stated it was stored unlocked in the home,
36% that it was locked with the handguns, and 40% that
it was stored and locked separately. Although there were
a number of differences among variables and ammunition
storage in the home, the only consistent finding was that
those living on farms as compared to those living in towns
were 1.9 and 1.8 times more likely to have unlocked rifle/
shotgun and handgun ammunition, respectively. Those
reporting firearms were stored at least sometimes unlocked
in the home were significantly more likely to also report
unlocked ammunition as compared to respondents in homes
where firearms were always kept locked, P<0.001 for both
rifles/shotguns and handguns.

Table 4. Storage of firearms and of handguns in the homes of
adolescent survey respondents.
Rifles/shotguns
Handguns
n (Col %)a
n (Col %)b
No

Jennissen et al.

Presence of Firearms in the Homes Adolescents Visit
Eighty-five percent (1168/1382) of respondents
reported visiting homes with firearms. These homes
included those of family members (86%), friends (82%),
neighbors (47%), and others (11%). Males had higher
proportions than females (90%, 629/696 vs 79%, 537/680,
P<0.001) and Whites/Caucasians had greater percentages
than other races (85%, 1124/1320 vs. 70%, 43/61, P =
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Table 5. Bivariate and multivariable logistic regression analyses regarding the storage of rifles/shotguns in the homes of adolescent
survey respondents.a
Crosstab analysis
Yes
n (Row %)c

No
n (Row %)c

Gender
Male
Female

193 (32%)
137 (30%)

411 (68%)
318 (70%)

Age
16-18 years
13-15 years

227 (32%)
104 (30%)

490 (68%)
241 (70%)

Residence
Farm
Country/not a farm
Town

195 (32%)
57 (28%)
77 (31%)

415 (68%)
145 (72%)
169 (69%)

Race
White/Caucasian
Other races

319 (31%)
11 (31%)

717 (69%)
24 (69%)

Gender
Male
Female

366 (60%)
221 (45%)

247 (40%)
272 (55%)

Age
16-18 years
13-15 years

411 (56%)
177 (48%)

328 (44%)
193 (52%)

Residence
Farm
Country/not a farm
Town

365 (57%)
109 (51%)
112 (43%)

271 (43%)
103 (49%)
146 (57%)

Race
White/Caucasian
Other races

573 (54%)
14 (36%)

496 (46%)
25 (64%)

Gender
Male
Female

129 (21%)
65 (14%)

480 (79%)
396 (86%)

Age
16-18 years
13-15 years

144 (20%)
50 (14%)

574 (80%)
305 (86%)

Residence
Farm
Country/not a farm
Town

125 (20%)
32 (15%)
36 (14%)

487 (80%)
175 (85%)
214 (86%)

b

Logistic regression analysis
P -value

Odds ratio

Confidence interval

1.08
1.0 (ref)

0.83-1.41

1.07
1.0 (ref)

0.81-1.42

1.05
0.87
1.0 (ref)

0.76-1.45
0.58-1.32

Stored loaded
P = 0.521

P = 0.618

P = 0.607

P = 0.966

1.0 (ref)
1.05

0.51-2.19

Stored unlocked
P < 0.001

P = 0.014

P < 0.001

P = 0.030

1.83
1.0 (ref)

1.43-2.33

1.34
1.0 (ref)

1.03-1.73

1.83
1.40
1.0 (ref)

1.35-2.46
0.96-2.03

1.0 (ref)
0.53

0.27-1.05

Stored loaded and unlocked
P = 0.003

P = 0.017

P = 0.063

Race
P = 0.630
White/Caucasian
186 (18%)
848 (82%)
Other races
8 (21%)
30 (79%)
a
Those who answered “Unsure” regarding firearm storage were not included in that analysis.
b
Includes those who answered “Yes, Always” and “Yes, Sometimes.”
c
The sum of n for a variable may not equal the total Group N due to missing values.

0.002) with respect to having visited homes with firearms.
There were no differences by survey participant age or
residence location. In logistic regression analysis, males
were 2.4 times more likely than females (95% CI, 1.77Volume 22, no. 3: May 2021

0.88
1.0 (ref)

0.67-1.16

1.25
1.0 (ref)

0.93-1.68

1.19
0.80
1.0 (ref)

0.85-1.65
0.51-1.24

1.0 (ref)
1.13

0.54-2.35

3.32) and other races were 60% less likely than Whites/
Caucasians (95% CI, 0.24-0.79) to report having visited
homes with firearms. The firearms in the homes they
visited were similar to the firearms in their own homes
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Table 6. Bivariate and multivariable logistic regression analyses regarding the storage of handguns in the homes of adolescent
survey respondents.a
Crosstab analysis
Yesb
n (Row %)c

No
n (Row %)c

Gender
Male
Female

199 (48%)
119 (37%)

218 (52%)
204 (63%)

Age
16-18 years
13-15 years

217 (45%)
104 (40%)

268 (55%)
154 (60%)

Residence
Farm
Country/not a farm
Town

176 (41%)
60 (44%)
84 (48%)

253 (59%)
76 (56%)
91 (52%)

Race
White/Caucasian
Other races

310 (43%)
11 (38%)

403 (57%)
18 (62%)

Gender
Male
Female

218 (52%)
122 (38%)

199 (48%)
200 (62%)

Age
16-18 years
13-15 years

236 (49%)
106 (41%)

248 (51%)
153 (59%)

Residence
Farm
Country/not a farm
Town

215 (51%)
54 (39%)
71 (39%)

201 (49%)
83 (61%)
109 (61%)

Race
White/Caucasian
Other races

333 (47%)
9 (30%)

378 (53%)
21 (70%)

Gender
Male
Female

143 (34%)
50 (16%)

274 (66%)
264 (84%)

Age
16-18 years
13-15 years

138 (29%)
57 (22%)

339 (71%)
200 (78%)

Residence
Farm
Country/not a farm
Town

119 (29%)
36 (26%)
38 (22%)

297 (71%)
103 (74%)
138 (78%)

Logistic regression analysis
P -value

Odds ratio

Confidence interval

1.56
1.0 (ref)

1.15-2.10

1.10
1.0 (ref)

0.81-1.51

0.75
0.83
1.0 (ref)

0.53-1.07
0.52-1.31

Stored loaded
P = 0.003

P = 0.246

P = 0.607

P = 0.554

1.0 (ref)
0.80

0.46-1.01

Stored unlocked
P < 0.001

P = 0.046

P < 0.001

P = 0.070

1.74
1.0 (ref)

1.29-2.36

1.25
1.0 (ref)

0.91-1.71

1.58
1.00
1.0 (ref)

1.10-2.27
0.63-1.60

1.0 (ref)
0.52

0.23-1.16

Stored loaded and unlocked
P < 0.001

P = 0.048

P = 0.063

Race
P = 0.759
White/Caucasian
188 (27%)
516 (73%)
Other races
7 (24%)
22 (76%)
a
Those who answered “Unsure” regarding firearm storage were not included in that analysis.
b
Includes those who answered “Yes, Always” and “Yes, Sometimes.”
c
The sum of n for a variable may not equal the total Group N due to missing values.

overall with 69% of the homes having both rifles/shotguns
and handguns, 16% had rifles/shotguns only, and 2% had
handguns only. Twelve percent of participants were not
sure of the types of firearms present.
Western Journal of Emergency Medicine

2.65
1.0 (ref)

1.84-3.83

1.27
1.0 (ref)

0.88-1.84

1.51
1.31
1.0 (ref)

0.76-2.24
0.76-2.24

1.0 (ref)
0.95

0.39-2.31

DISCUSSION
We surveyed adolescent FFA members living in a rural
state to learn about firearm exposure and storage practices in
their homes. In our study, the vast majority of adolescents lived
504
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Table 7. Bivariate and multivariable logistic regression analyses regarding the storage of rifle/shotgun and handgun ammunition in the
homes of adolescent survey respondents.a
Crosstab analysis
Ammunition not
locked
n (Row %)b

Ammunition locked
with firearms
n (Row %)b

Ammunition
locked separately
n (Row %)b

Group N

291 (28%)

319 (31%)

431 (41%)

Gender
Male
Female

178 (30%)
112 (26%)

171 (28%)
147 (34%)

253 (42%)
177 (41%)

Age
16-18 years
13-15 years

216 (31%)
75 (22%)

203 (29%)
116 (34%)

283 (40%)
148 (44%)

Residence
Farm
Country/not a farm
Town

181 (30%)
62 (32%)
47 (19%)

172 (29%)
60 (31%)
86 (35%)

247 (41%)
72 (37%)
111 (45%)

Race
White/Caucasian
Other races

310 (31%)
8 (24%)

413 (41%)
18 (55%)

284 (28%)
7 (21%)

Unlocked rifles
Yes
No

235 (43%)
52 (11%)

133 (24%)
179 (38%)

179 (33%)
241 (51%)

Group N

176 (25%)

255 (36%)

282 (40%)

Gender
Male
Female

115 (28%)
60 (20%)

136 (33%)
117 (38%)

155 (38%)
127 (42%)

Age
16-18 years
13-15 years

126 (27%)
50 (20%)

158 (34%)
97 (39%)

182 (29%)
100 (40%)

Residence
Farm
Country/not a farm
Town

107 (26%)
33 (26%)
35 (20%)

136 (33%)
51 (40%)
67 (38%)

164 (40%)
44 (34%)
73 (42%)

Race
White/Caucasian
Other races

245 (36%)
9 (31%)

267 (39%)
15 (52%)

171 (25%)
5 (17%)

Logistic regression analysis

P -value

Odds ratio

Confidence
interval

Rifle/shotgun ammunition
storage

c

P = 0.148

P = 0.012

P = 0.011

P = 0.299

P < 0.001

1.16
1.0 (ref)

0.88-1.54

1.59
1.0 (ref)

1.17-2.16

1.86
2.03
1.0 (ref)

1.29-2.69
1.30-3.16

1.0 (ref)
0.74

0.31-1.74

Not in the Analysis

Handgun ammunition
storage

Unlocked handgunsc
Yes
No

121 (38%)
49 (13%)

89 (28%)
157 (42%)

110 (34%)
168 (45%)

P = 0.030

P = 0.111

P = 0.318

P = 0.370

P < 0.001

1.93
1.0 (ref)

1.38-2.71

1.31
1.0 (ref)

0.92-1.86

1.75
1.51
1.0 (ref)

1.17-2.64
0.9-2.51

1.0 (ref)
0.69

0.27-1.78

Not in the Analyses

Those who answered “Unsure” regarding firearm storage were not included in that analysis.
The sum of n for a variable may not equal the total Group N due to missing values.
c
Firearms stored at least sometimes unlocked.
a
b

in a home with a firearm, with 84% having at least one rifle/
shotgun and over half having handguns. Only 15% in our study
had no firearms in their home. In addition, over four-fifths of
the adolescents reported visiting homes that contained a firearm.
Significant proportions of both rifles/shotguns and handguns in
survey respondents’ homes were stored loaded and/or unlocked
Volume 22, no. 3: May 2021

at least some of the time. In fact, among those aware of storage
in their home, more than four-fifths reported having at least
one firearm loaded and/or unlocked at least some of the time.
Moreover, those with unlocked firearms had significantly
greater proportions with unlocked ammunition as compared
with homes where firearms were always kept locked.
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Characteristics of Firearms in the Home
The proportion of rural youth in our study who lived in
a home with at least one firearm was twice that found in a
national 2017 Pew Research Center survey of all Americans.19
Similarly, eight Gallup polls from December 2012–October
2019 found that 37-43% of US homes had a firearm.20 The
higher proportion observed in our study is consistent with
numerous studies showing more frequent gun ownership
in rural as compared to urban residences.19,21-24 It is also
consistent with a study of 983 households in one rural Iowa
county from 1994–1998 where two-thirds of residents
reported at least one firearm.25
Although rifles/shotguns were more common, handguns
were present in over one-half of the homes in our study.
Several studies of firearm injuries and deaths seen at rural
trauma centers have shown handguns to be the most common
firearm used and the ones most frequently involved in fatal
cases.26-28 Our findings of rural homes having high handgun
ownership is also consistent with other studies that have
demonstrated a high prevalence of handgun carrying among
rural youth.29,30
Firearms in the home varied significantly based on
where the adolescent lived, with significantly higher rates
seen for those living on a farm or in the country but not on a
farm. Our results mirror what has been reported in surveys
of adults with the highest rates of firearm ownership for
those living in rural, followed by suburban, and then urban
areas.19,31 Hunting is likely a major contributor to the higher
rates of rifle/shotgun presence in the homes of adolescents
living on farms and in the country.31 One study found only
2% of metropolitan residents hunted as compared to 18%
in cities of <50,000 people.32 In many rural areas, hunting
is a part of the culture and receiving a rifle or shotgun as an
adolescent is a rite of passage.33
Males in our study were significantly more likely
than females to report having a firearm in their home. The
basis for this difference remains unknown. However, other
studies have shown that males, especially White/Caucasian
males, are more likely to own and/or to have grown up in
a home with firearms.19,31 Additionally, adolescent males in
rural areas are more likely to have engaged in recreational
firearm use and to have expressed pro-gun sentiments than
their female peers.19,34 Boys are disproportionately affected
by firearm mortality accounting for more than 80% of all
pediatric firearm deaths.7 The higher rate of home firearms
we observed with males may potentially be a contributing
factor to this gender-based difference.
Firearm and Ammunition Storage
Unsafe storage of firearms in the homes of rural youth
in our study was high. Among those aware of storage
practices, the vast majority (82%) reported at least one
firearm stored unsafely at least some of the time. A
Washington state study reported nearly two-thirds of adult
Western Journal of Emergency Medicine
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respondents with firearms stated they were not all safely
stored (eg, both locked and unloaded).35 Additionally, we
found higher percentages of handguns, as compared to
rifles/shotguns, were reported as being stored loaded and
unlocked. Consistent with this observation are studies
showing that the primary reason Americans state they
have a firearm is for protection, and that firearms kept for
protection, handguns in particular, are often stored loaded
and unlocked for quick access.36-37 Unfortunately, unsafe
storage practices increase the risk of unintentional and
self-inflicted firearm injuries in children and adolescents as
is illustrated by studies showing firearms in the home are
much more likely to kill or injure a household member than
to be used in self-defense.38,39
Firearms in Homes Visited
Over four-fifths of adolescents (85%) visited homes,
most typically of family members or friends, that contained
a firearm. The majority had both rifles/shotguns and
handguns. Visiting a home with a firearm can be dangerous
especially for younger adolescents. In one study of youth
11-14 years of age, nearly 40% of unintentional firearm
deaths happened at the home of a friend, which was a
proportion higher than that reported for younger children.40
The authors speculated that the difference may be accounted
for by decreased adult supervision of adolescents as
compared to younger children.40
Societal Implications
The results of our study suggest that rural adolescents
in our state are a very vulnerable population. Previous
research has shown that firearm-related unintentional
and self-inflicted injuries and hospitalizations are higher
in rural than in urban areas15,16,27,41 Similarly, rural youth
are three times more likely to die by suicide as compared
to their urban counterparts.16,42 The greater presence of
firearms in rural homes as well as the relatively high
prevalence of improper storage likely contribute to the
disproportionate rates of rural adolescent firearm-related
injuries and suicides.
Prevention
To protect children and adolescents, parents and
caregivers must prevent unwanted access to firearms.11,43
The safest option would be to remove the firearm from
the home, but as seen in our study, rural adolescents have
potential access to firearms in the homes of others as well.
The second most effective prevention approach is safe
storage practices, particularly in homes where youth live
and visit. Thus, widespread education and interventional
programs are critically needed regarding the safe storage
of firearms and ammunition. Another critically important
measure is the passage of universal child access prevention
(CAP) laws to protect children equally across states and
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to better ensure the safe storage of firearms in homes.5,44-51
Enforcement of these laws that hold parents and other
relevant adults accountable when children and adolescents
access firearms in the home might provide a strong impetus
for more widespread safe storage of ammunition and
firearms.52,53 Reducing child and adolescent firearm access
in turn could decrease unintentional and self-inflicted
pediatric firearm-related deaths and injuries.10,54

Address for Correspondence: Charles A. Jennissen, MD,
University of Iowa Carver College of Medicine, Department of
Emergency Medicine, 200 Hawkins Dr, Iowa City, IA 52242. Email:
charles-jennissen@uiowa.edu.

LIMITATIONS
Limitations of our study include that it was conducted in
a single Midwestern state with a primarily White/Caucasian
population. Thus, our findings may not be generalizable to
other states and non-White populations. Additionally, we
used a convenience sampling of adolescent FFA members
primarily from rural areas attending a state conference;
therefore, results may not be representative of the entire
state, particularly urban communities. However, the great
majority of counties in the state were represented by subjects
in the study. Data was self-reported and may be subject
to recall bias and social desirability. With regard to social
desirability, participants would probably have been more
likely to report safe rather than unsafe storage practices.
Factors decreasing the social desirability effect included the
fact that the surveys were written, completed independently,
and collected anonymously.
It is possible that some study participants’ homes had
firearms of which the youth were unaware. Thus, the overall
proportion of homes with firearms may be higher than that
reported. In addition, there were some survey respondents
who were unsure of at least one of the three firearm storage
questions including 12% (142/1156) of those with rifles/
shotguns and 11% (92/801) with handguns. These responses
were not included in Table 4 calculations. Similarly, some
adolescents were unsure how ammunition was stored in the
home (9% for rifle/shotgun and 10% for handguns). Females
and younger teenagers had higher proportions unsure of
firearm and ammunition storage.
CONCLUSION
The vast majority of rural adolescents in this study lived
in a home with a firearm and many reported firearms and
ammunition were stored unsafely. The likelihood of having
a firearm in the home varied significantly based upon where
the adolescent lived with highest rates for those living
on a farm. Rural families would benefit from education
about the importance of safe storage of firearms and
ammunition to limit unwanted child and adolescent access.
Consideration of the unique cultural and social aspects of
rural communities is necessary to develop effective injury
prevention strategies for this setting. The implementation
of strict and well-enforced universal childhood access
prevention laws may be a critical step in protecting youth
from firearm-related tragedies.
Volume 22, no. 3: May 2021
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Introduction: During a hospital-based active shooter (AS) event, clinicians may be forced to
choose between saving themselves or their patients. The Hartford Consensus survey of clinicians
and the public demonstrated mixed feelings on the role of doctors and nurses in these situations.
Our objective was to evaluate the effect of simulation on ethical dilemmas during a hospital-based
AS simulation. The objective was to determine whether a hospital-based AS event simulation and
debrief would impact the ethical beliefs of emergency physicians relating to personal duty and risk.
Methods: Forty-eight emergency physicians and physicians-in-training participated in this cohort
study based in an urban academic hospital. Simulation scenarios presented ethical dilemmas for
participants (eg, they decided between running a code or hiding from a shooter). Surveys based
upon the Hartford Consensus were completed before and after the simulation. Questions focused on
preparedness and ethical duties of physicians to their patients during an AS incident. We evaluated
differences using a chi-squared test.
Results: Preparedness for an AS event significantly improved after the simulation (P = 0.0001).
Pre-simulation, 56% of participants felt that doctors/nurses have a special duty like police to protect
patients who cannot hide/run, and 20% reported that a provider should accept a very high/high
level of personal risk to protect patients who cannot hide/run. This was similar to the findings of the
Hartford Consensus. Interestingly, post-simulation, percentages decreased to 25% (P = 0.008) and
5% (P = 0.041), respectively.
Conclusion: Simulation training influenced ethical beliefs relating to the duty of emergency
physicians during a hospital-based AS incident. In addition to traditional learning objectives, ethics
should be another important design consideration for planning future simulations in this domain.
[West J Emerg Med. 2021;22(3)510-517.]

INTRODUCTION
An active shooter (AS), as defined by the Federal
Bureau of Investigation (FBI), is one or more individuals
actively engaged in killing or attempting to kill people in
Western Journal of Emergency Medicine

a populated area. Active shooter incidents have more than
doubled between 2011–2018, with 27 reported in 2018.1,2,3
The Hartford Consensus was developed in an effort to address
this growing issue, as well as to establish a national protocol
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to enhance survivability from AS and intentional mass
casualty events by supporting the “run, hide, fight” algorithm
to mitigate risk.4 Healthcare settings are uniquely vulnerable
targets because patients may be unable to “run, hide, fight.”
Making the decision to “run” creates an ethical dilemma for
providers who have their own moral obligation not to abandon
their patients. In a 2017 survey of the public and healthcare
professionals, Jacobs and Burns found that both groups felt
doctors and nurses had a special duty to protect patients
similar to police officers and firefighters.5
Training healthcare providers how to respond to mass
casualty incidents such as active shooters often involves active
training exercises such as simulation. Outcomes of such training
programs typically focus on improving knowledge and skills
around the medical response to preserve life.6,7 The benefit of
simulation-based training (SBT), as compared to didactic-based
education, is that it allows the learner to have more time hands-on
and encourages active participation. When studied side by side,
simulation-based education was perceived as more enjoyable by
students.20 and when teaching simulated patient emergencies, was
found to generate superior team performance.21,22 Additionally,
previous studies have used simulation to successfully evaluate
resident response to ethical dilemmas.23
For this study, we were interested in using simulation
to understand the physician perspective regarding personal
duty and safety during an AS event. We hypothesized that the
SBT would provide a realistic AS experience and change the
perception of emergency physicians with regard to personal
risk and duty. The primary study objective was to determine
how the ethical beliefs of physician duty and personal risk are
affected by a SBT exercise grounded in the “run, hide, fight”
approach. Secondary objectives included the effect of SBT on
their overall level of risk and preparedness for an AS event.
METHODS
Study Design
This was a cohort study to determine the perceptions
of physicians regarding AS events before and after a SBT
exercise. Survey questions and response options mirrored
those used by the Hartford Consensus.5 The study was
classified as “exempt” by the local institutional review board.
The SBT was an active, operations-based functional
exercise in crisis management rather than a discussionbased approach. The goal of this approach was to create an
experience to allow learners to reflect on their roles when
confronted with an in-hospital AS. The operations-based
format challenged participants to make quick decisions
and to act definitively in their perceived roles during a
crisis. Simulation scenarios were designed to replicate the
tension that may occur for participants responding to an
AS while actively engaged in patient care. During the postsimulation debriefing, facilitators reviewed the “run, hide,
fight” protocol while encouraging learners to actively reflect
on their beliefs regarding duty to patients and personal safety.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
During a hospital based active shooter (AS)
event, clinicians may be forced to choose
between saving themselves or their patients.
What was the research question?
Can simulation based training impact the
ethical beliefs of physicians relating to
personal duty and risk?
What was the major finding of the study?
Simulation training influenced ethical beliefs
relating to the duty of physicians during an AS
incident.
How does this improve population health?
In addition to traditional learning objectives,
simulation can impact ethical beliefs
and educators should consider this when
developing curriculum.

Study Setting and Sample
The study was conducted at a private, urban hospital
in the Northeast with an annual census of 120,000 patients,
and associated Accreditation Council for Graduate Medical
Education-accredited three-year emergency medicine (EM)
residency and pediatric EM (PEM) fellowship programs.
Participants consisted of a convenience sample of available
EM attendings, EM residents, PEM fellows, and rotating
fourth-year medical students who were available for
Wednesday conference. We also chose to include available
students as they actively contribute as care providers as part
of the holistic team in our clinical setting. The SBT exercise
was conducted during typical time reserved for education
(Wednesday conference), which is generally mandated for all
residents and fellows. Trainees were given the opportunity to
opt out a day in advance through private correspondence over
email, given the potential threat to psychological safety from
an active shooter SBT.
Measurements
Participants completed surveys immediately before and after
the completion of the SBT exercise. Survey questions closely
mirrored those previously used by the Hartford Consensus,
with minor adaptations to collect basic data and to specifically
reference the clinical environments staffed by physicians working
at the local institution. Detailed demographic data regarding race,
gender, and age were not included in the survey design due to
concerns that with a small cohort of colleagues it would lead to
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identifiable responses. The final survey questions are presented
in Table 1, and a copy of our final instrument as viewed by our
respondents is in Appendix 1 as well as a copy of our survey
results in Appendix 2.
Lastly, participants were sent a link to provide anonymous
feedback on a rating scale from 1 to 5 on the actual SBT
exercise related to the following: clarity of learning objectives;
orientation to simulation environment; realism of simulation;
relevance to practice; psychological safety; and effectiveness
of debriefing. They were also afforded the opportunity to
provide additional written feedback.
Validity Evidence of Survey Tool
The survey was adapted from the Hartford Consensus
study by Jacobs and Burns wherein these authors worked with
an independent research firm specializing in probability-based
survey research design. The survey questions were copied
verbatim for our population, with the only change specifying the
name of the hospital and other venues where the subjects worked.
In the pre-briefing the authors instructed participants to respond
based on their own personal beliefs as there may not be one
“correct” answer to these questions. There were no consequences
to our participants in relation to how they responded to survey
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questions with an opt-out option, which nobody chose. We did
not measure the relationship of participant responses to other
known variables as we were unaware of specific measures that
would predictably relate to ethical beliefs.
Simulation-based Training Design
Reference material on best practices managing AS events
was sent to all potential participants one week prior to the SBT
exercise.8,9 As part of standard curricular processes, trainees
were assigned preparatory questions to answer in advance
of the session to help prime them to successfully manage
the event. Prior to the scenarios, participants underwent a
pre-briefing that focused on their psychological safety and
pushing their comfort levels, as well as addressing the basic
assumptions in simulation.10 Participants were again given an
opportunity to opt out of the scenario at any time before or
during the scenario. No participants chose to opt out prior to
or during the scenario.
Four scenarios were run simultaneously in adjacent mock
clinical rooms within the Center for Clinical Simulation at the
local institution. Each scenario was designed by experienced
simulation faculty to present an ethical dilemma to the
participants on whether they should independently “run,

Table 1. Survey questions and response options.
1. Identification

PGY1, PGY2, PGY3, Fellow, Attending, Medical Student

2. Current level of risk for an active shooter at the hospital

Very High, High, Moderate, Low, Very Low

3. Current level of risk for an active shooter event at a hospital staffed
event (Barclays, MSG, music festival, etc.)

Very High, High, Moderate, Low, Very Low

4. Current level of preparedness for an active shooter event at the
hospital

Very Prepared, Somewhat Prepared, Not so Prepared,
Not at all Prepared

5. Current level of preparedness for an active shooter event at a hospital
staffed event (Barclays, MSG, music festival, etc.)

Very Prepared, Somewhat Prepared, Not so Prepared,
Not at all Prepared

6. What is the importance of being prepared for an active shooter event
at the hospital?

Extremely Important, Very Important, Somewhat
Important, Not so Important, Not at all Important

7. What is the importance of being prepared for an active shooter event
at a hospital staffed event (Barclays, MSG, music festival, etc.)

Extremely Important, Very Important, Somewhat
Important, Not so Important, Not at all Important

8. Do doctors and nurses have a special duty like police officers and
firefighters to protect patients who cannot get out of harm’s way from an
active shooter?

Special duty, Beyond their duty

9. If you answered special duty, how strongly do you feel?

Strongly, Somewhat Strongly

10. What is the level of personal risk doctors and nurses should accept
to protect patients who cannot get out of harm’s way?

Very High Risk, High Risk, Moderate Risk, Low Risk,
None

11. If you were a patient unable to get out of harm’s way, would you
expect doctors and nurses to put themselves at risk to protect you?

Y, N

12. Should doctors and nurses be required to try to save the lives of
patients in an active shooter attack or should this be a personal choice?

Required, Personal Choice

13. Have you been a patient in a hospital?

Y, N

14. How long ago was the last time you were a patient in a hospital?

Past 12 months, >1 year ago but <5 years ago, >5 years ago

15. Have you ever stayed overnight as a patient in a hospital?

Y, N

*All questions provided a “No Opinion” answer choice.
PGY, postgraduate year; MSG, Madison Square Garden; Y, Yes; N, No.
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hide, fight” vs co-manage patients (Table 2). The scenarios
were designed to specifically address an ethical dilemma
complicating the participants’ abilities to run, hide or fight.
A total of five trainees were present in each room, as well as
two faculty members whose responsibility was to role-play
within the scenario and to push the trainees to make difficult
decisions while ensuring their psychological safety. Faculty
members used their roles to prompt trainees to make difficult
decisions regarding prioritizing patient care vs prioritizing
personal safety as the simulation evolved. This is one of the
benefits of SBT: Faculty can adjust the script in real time
to engage quiet participants, foster debate, and encourage
discussion about team priorities.
The simulation started with a recording of gunshots
played from a portable speaker located in the hallway outside
the respective scenario rooms. To generate ambiance during
the scenario the portable speaker was moved up and down
the hallway and periodic additional “gunshots” were fired. A
group debriefing followed to address the various reactions that
arose in response to various ethical dilemmas. This debriefing
also emphasized the “run, hide, fight” algorithm and broke
down scenarios specific to our ED and affiliated venues on
where to hide or run if ever faced with this situation. The total

length of the session was approximately 90 minutes and was
repeated for a second group of learners.
Data Analysis
Survey responses were presented using descriptive
statistics. We evaluated differences in responses before and
after the SBT using a chi-squared test. A P value of <0.05 was
considered statistically significant. We used SPSS version 24
(IBM Corp., Armonk, NY) to analyze the data.
RESULTS
Forty-eight emergency physicians and physicians-in-training
participated in the SBT exercise (15 postgraduate year [PGY]1
EM residents, 7 PGY2 EM residents, 10 PGY3 EM residents, 5
PEM fellows, 8 EM attendings, and 3 medical students). Three
EM faculty participants with prior knowledge of the Hartford
Consensus survey and implicit knowledge of the study design
were excluded from completing the survey as they would not be
able to answer questions without inherent bias. Of the remaining
45 participants, 44 completed a pre-simulation survey (98%
of participants) while 45 completed a post-simulation survey
(100% participation). None of the participants chose to opt out
of the simulation training because of a preexisting threat to

Table 2. Brief descriptions of simulation scenarios including primary patient diagnosis, role of embedded participants, resources
needed, and pertinent ethical dilemma.
Scenario
description

Patient: primary
diagnosis

Role of embedded
participant(s)

Resources
needed

Ethical
dilemma

Case 1

Run a witnessed
cardiac arrest with a
reversible cause.

Hyperkalemia from
acute onset renal
failure

Nurse

High fidelity
mannequin with
operator. Embedded
simulation
participant to play
role of nurse

How do you
prioritize the needs
of a patient that may
be able to be saved
under different
circumstances?

Case 2

Manage a patient
with an acute
stroke eligible for
thrombolysis with
actively concerned
family at the
bedside.

Acute stroke

Family Member and
Patient

Embedded
simulation
participants to play
roles of patient and
family member.

How to prioritize the
needs of a nonambulatory patient
with a treatable
condition?

Case 3

Manage an acute
ST- elevation
myocardial
infarction
(STEMI) requiring
percutaneous
angiography.

STEMI

Patient and Nurse

Embedded
simulation
participants to play
roles of patient and
nurse

How do you care
for a patient with a
treatable condition
during an MCI?

Case 4

Manage a nonambulatory patient
with knee pain
while a wounded
physician attempts
to run into the
examination room.

Fractured knee and
GSW complicated
by PTX.

Patient and injured
staff member.

Embedded
simulation
participants to play
roles of patient and
injured staff

How do you
prioritize the needs
of an injured
colleague?

MCI, mass-casualty incident; GSW, gunshot wound; PTX, pneumothorax.
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psychological safety. Of the 45 participants, 27% had previously
been a patient who stayed overnight in a hospital: 12% in the
prior 12 months; 29% between 1-5 years in the past, and 59%
over five years in the past.
A perceived high or very high risk of an AS did not
significantly change after the SBT. The perceived level of
preparedness and the importance of being prepared did
significantly increase after the SBT. The level of importance
to be prepared for an AS event was high before and after the
SBT. Specific results are summarized in Table 3 and 4.
Participants feeling that doctors and nurses have a special
duty like police officers and firefighters to protect patients
who cannot get out of harm’s way from an AS significantly
decreased from 60% to 25% (P = 0.008). Of those who
answered that physicians/nurses have a special duty, 32% felt
strongly prior to the simulation, while 11% expressed this
after the simulation (P = 0.243).
The ethical belief relating to a high or very high level of
personal risk that doctors and nurses should accept to protect
patients who could not get out of harm’s way decreased
significantly from 21% to 5% (P = 0.041). If participants
themselves were patients who were unable to get out of harm’s
way, 98% expressed no opinion in regard to expectations
of doctors/nurses to get them out of harm’s way. After the
simulation, 100% expressed no opinion on the survey (P =
0.309). Similarly, participants expressed no opinion (100%)
regarding whether doctors or nurses should be required to save
the lives of patients during a hospital-based AS event. After
the simulation, the results remained unchanged (100%), where
participants had no opinion.
Anonymous feedback on the SBT was provided by 31
participants (69% response rate) and is summarized in Table 5.
Written feedback about realism ranged from “failed to make me
feel truly threatened” to “it gave me anxiety and palpitations.”
DISCUSSION
The perceived level of risk of an AS incident within a
hospital setting compared to a more public setting (ie, concert
hall, stadium, etc.) in our study was consistent with the FBI
study.1,2 Public spaces were seen as a greater risk than hospital
settings. The overwhelming majority believed in the importance
of being prepared for such an event in a hospital or hospitalstaffed setting. This again stresses the importance of keeping
a safe environment for vulnerable populations in a hospital
setting, and the need for formal, AS training exercises.
The Office of the Assistant Secretary for Preparedness
and Response, part of the Department of Health and
Human Services, produced a comprehensive report to
guide planning for an AS event in healthcare settings.11,12
The report recommends mental rehearsal to work through
various response options, which leads to better preparation.
Simulation-based drills take this a step further, creating
scenarios in which healthcare workers can work through
ethical dilemmas and practice the “run, hide, fight” algorithm.
Western Journal of Emergency Medicine
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Our results support the perception that preparedness does
in fact improve after SBT. One prior study did demonstrate
that knowledge around active shooters improved after
training, albeit with a significantly more elaborate and timeintensive curricular design on a military base.7 While our
study did not explicitly test knowledge gains, the curricular
design was significantly more feasible and replicable for any
hospital with modest space and equipment resources. In fact,
written feedback about the realism of our relatively lowfidelity simulation suggests that it was more than adequate
for some learners. A potentially more relevant next step in
evaluating the impact of active drills would be to study actual
performance during in situ drills after SBT.
The findings show that most participants, prior to this
intervention, perceived a duty to protect their patients during
an AS scenario and were willing to accept a high level
of personal risk to do so. They also demonstrate that AS
simulations are an effective way to challenge this perception,
reducing its prevalence among participants. Interestingly,
pre-survey responses in our cohort were similar to health
professional responses to the Hartford Consensus survey.
They found 62% believed they had a special duty to protect
patients, and 27% felt they should accept a high or very high
degree of risk to help patients unable to get out of harm’s way.
Post-survey responses demonstrated a significantly decreased
sense of duty after SBT. We suspect that this relates to the
experiential nature of simulation to provoke physical and
emotional responses.13,14 These responses serve as the basis for
changing learner frames after simulation.13,14
The debriefing of this SBT was rather open ended and
focused on the “run, hide, fight” paradigm. During the
debriefing the participants were asked about familiarity
with the Hartford Consensus, and while there was some
basic knowledge of its existence no participant identified as
having an understanding of the consensus results. During the
reflective process, some participants remained quite adamant
that they would not be able to live with themselves if they did
not do their best to protect their patients, while others opined
that it was necessary to survive to be able to help manage
victims and future patients. Others still expressed that they
would help as many patients as possible within the limits of
their personal safety. Ultimately, the degree of personal risk
that a physician/nurse accepts is a choice. The SBT seemed
to give our participants an opportunity to make an informed
decision that they could be comfortable with if they were to
have the unfortunate experience of needing to deal with the
ramifications of those decisions from an actual AS event.
Ethics has traditionally been inadequately addressed in
medical education.15 Prior reviews of teaching and assessment
of ethics in undergraduate medical education (UME) found that
students, deans, and course directors wished for it to be better
integrated with their coursework.16,17 A key feature of SBT is
that it is experiential, which allows for theoretical aspects of
ethics to become more concrete. As compared to SBT, traditional
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education using didactics is mostly a passive experience for
the learner. Simulation allows for active engagement and has
several features that make it well suited for AS training in
ways that are not feasible with a traditional classroom format.
Simulation allows for feedback grounded in individual and team
performance.24 Furthermore, SBT is adaptable to the needs of the
learner based on their performance.

Embedded facilitators within a scenario can interact with
participants allowing for an experience that will address the
learning objectives regardless of their baseline knowledge
or their ability to interact within the simulation.25 Using a
simulated context allows facilitators to leverage principles of
adult learning theory grounded in the belief that education is
learner-centric, in stark contrast to didactic-based education

Table 3. Summary results by training year for key questions.

What is the level of risk at Maimonides Hospital?

PRE

PRE

POST

POST

% Change
(post – pre)

% H & VH

% L & VL

% H & VH

% L & VL

% H & VH

% L & VL

18%

48%

24%

36%

6%

-12%

PGY1

14%

57%

13%

33%

-1%

-24%

PGY2

11%

56%

14%

86%

3%

30%

PGY3

33%

33%

30%

20%

-3%

-13%

PEM fellow

0%

40%

40%

0%

40%

-40%

Med student

0%

100%

33%

67%

33%

-33%

Attending

40%

20%

40%

20%

0%

0%

% H & VH

% L & VL

% H & VH

% L & VL

% H & VH

% L & VL

7%

23%

53%

9%

47%

-14%

PGY1

7%

43%

33%

27%

26%

-16%

PGY2

11%

0%

57%

0%

46%

0%

PGY3

11%

0%

80%

0%

69%

0%

PEM fellow

0%

20%

60%

0%

60%

-20%

Med student

0%

0%

67%

0%

67%

0%

Attending

0%

60%

40%

0%

40%

-60%

% SD

% BD

% SD

% BD

% SD

% BD

45%

36%

20%

60%

-25%

24%

PGY1

43%

36%

20%

53%

-23%

18%

PGY2

57%

43%

14%

86%

-43%

43%

PGY3

67%

33%

30%

70%

-37%

37%

PEM fellow

20%

20%

20%

20%

0%

0%

Med student

50%

0%

0%

67%

-50%

67%

Attending

20%

60%

20%

60%

0%

0%

% H & VH

% L & VL

% H & VH

% L & VL

% H & VH

% L & VL

17%

33%

4%

53%

-12%

20%

PGY1

21%

36%

0%

53%

-21%

18%

PGY2

29%

14%

14%

43%

-14%

29%

PGY3

11%

44%

0%

60%

-11%

16%

PEM fellow

0%

60%

0%

80%

0%

20%

Med student

0%

0%

0%

33%

0%

33%

Attending

20%

20%

20%

40%

0%

20%

What is the current level of preparedness at
Maimonides?

Do doctors and nurses have a special duty like
police officers to protect patients?

What is the level of personal risk doctors should
accept to protect patients who can’t get out of
harm’s way?

VH, very high; H, high; M, moderate; L, low; VL, very low; SD, special duty; BD, beyond their duty; PGY, postgraduate year; PEM,
pediatric emergency medicine.

Volume 22, no. 3: May 2021

515

Western Journal of Emergency Medicine

The Power of an Active Shooter Simulation: Changing Ethical Beliefs

Janairo et al.

Table 4. Pre- and post-survey results: perceived risk by location, current level of preparedness by location, and the importance of each
location being prepared for active shooter events.
Location (question)

Pre-survey

Post-survey

P-value

Hospital (high or very high risk)

9%

13%

0.490

Hospital-staffed Public Event (high or very high risk)

17%

28%

0.181

Hospital (very prepared or somewhat prepared)

7%

57%

0.0001

Hospital-staffed Public Event (very prepared or somewhat prepared)

23%

76%

0.0001

Hospital (extremely or very important to be prepared)

88%

89%

0.326

Hospital-staffed Public Event (extremely or very important to be prepared)

100%

96%

0.329

which is educator-centric.26 Also, the ability to fully control
the environment is important as educators can titrate the
appropriate level of “stress” for the learner without putting
them in actual danger.24 It is because of these benefits that we
chose to use simulation to address our educational goals. In
our review of the literature regarding the education of ethics
in UME, we found that educators should provide “a set of
skills for ethical analysis and decision making.”18 The fact
that beliefs were altered after SBT suggests that this was an
effective method for discussing ethics while simultaneously
providing a practical framework to apply lessons AS events, it
may also be useful to study other paradigms when “run, hide,
fight” may not be feasible. Inaba and colleagues proposed
an alternative of “secure, preserve, fight.”19 Training to
this mantra using simulation may also serve to further aid
healthcare professionals’ ability to protect themselves while
still satisfying their duty to the patient.

translate to practice, it is difficult to predict how quickly skills
or practices decay without additional primers. Given that
EM providers in particular are placed in a unique social and
clinical setting, they are more likely to be prone to workplace
violence, which might further impact how they perceive their
ethical responsibilities over time. This study did not follow
participants longitudinally for the stability of the change in
their ethical beliefs. Additionally, we were unable to determine
whether there was any hidden facilitator bias during the
debrief in shaping the impact of the SBT. Lastly, compared
to many mass casualty simulations, this SBT was relatively
low fidelity and resource intensive, which may have blunted
its potential impact for those participants who had difficulty
immersing themselves in the scenario.

LIMITATIONS
This study was based out of a single, urban, academic EM
program focusing on physicians, and thus its generalizability
may be limited. This population may not reflect that of other
programs. As with all observational studies, there is potential
for confounders not predicted or identified by the authors.
Additionally, as a simulation-based exercise the experience is
highly dependent on facilitator experience leading to questions
of generalizability. While a growing body of evidence
supports that skills learned in the simulation laboratory do
Table 5. Anonymous participant scenario feedback on a scale of 1
(poor) to 5 (excellent).
Question

Mean rating

Clearly conveyed simulation objectives?

4.8

Orientation to learning environment?

4.8

Relevance to clinical practice?

4.3

How safe did you feed during the scenario?

4.5

Was the realism sufficient for the exercise?

3.8

Quality of debriefing to promote a dialog that
4.8
enhanced knowledge, reflection, and provide
clear/constructive feedback?
1= No/Poor or Not at All; 5= Yes/Excellent, or Extremely.

Western Journal of Emergency Medicine

CONCLUSION
Active planning and training for an active shooter event is
critical. During a hospital-based AS event, clinicians may be
forced to choose between saving themselves or their patients.
The study demonstrates that simulation training can influence
ethical beliefs relating to the duty of doctors and nurses during
a hospital-based AS incident. This underscores the power of
simulation to significantly impact learners, including relatively
low-resource designs such as ours. In addition to traditional
learning objectives, ethics should be another important design
consideration for planning future simulations in this domain.

Address for Correspondence: Annemarie Cardell, Center for
Clinical Simulation, 948 48th St., 4th floor, Brooklyn, NY 11219.
Email: acardell@maimonidesmed.org.
Conflicts of Interest: By the WestJEM article submission agreement,
all authors are required to disclose all affiliations, funding sources
and financial or management relationships that could be perceived
as potential sources of bias. No author has professional or financial
relationships with any companies that are relevant to this study.
There are no conflicts of interest or sources of funding to declare.
Copyright: © 2021 Janairo et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

516

Volume 22, no. 3: May 2021

Janairo et al.

The Power of an Active Shooter Simulation: Changing Ethical Beliefs

REFERENCES

pdf. Accessed December 10, 2020.
12. Osterwell N. Hospitals need to plan for active-shooter

1. Blair JP, Schweit KW. A Study of Active Shooter Incidents, 20002013. U.S. Department of Justice - Texas State University and

scenarios. 2015. Available at: http://www.medscape.com/

Federal Bureau of Investigation. Washington, D.C; 2014.

viewarticle/853533#vp_1. Accessed May 9, 2019.
13. Dieckmann P, Gaba D, Rall M. Deepening the theoretical foundations of

2. U.S. Department of Justice - the Advanced Law Enforcement Rapid

patient simulation as social practice. Simul Healthc. 2007;2(3): 184-93.

Response Training (ALERRT) Center at Texas State University and

14. Rudolph, JW, Simon R, Raemer D. Which reality matters? Questions

the Federal Bureau of Investigation. Active Shooter Incidents in the

of the path to high engagement in healthcare simulation. Simul

United States in 2018. Washington, D.C. 2018.

Healthc. 2007;2(3):161-3.

3. Kelen GD, Catlett CL, Kubit JG, et al. Hospital-based shootings in the

15. Dent J, Harden RM, Hunt D. (2017). A Practical Guide for Medical

United States: 2000 to 2011. Ann Emerg Med. 2012;60(6):790-8.

Teachers. 5th edition. London, UK: Elsevier Health Sciences.

4. Joint Committee to Create A National Policy to Enhance

16. Mattick K, Bligh J. Teaching and assessing medical ethics: Where are

Survivability from Intentional Mass Casualty Shooting Events.

we now? J Med Ethics. 2006;32(3):181-5.

Improving Survival from Active Shooter Events: the Hartford

17. Goldie J. Review of ethics curricula in undergraduate medical

Consensus. 2013. Available at: http://www.naemt.org/Files/

education. Med Educ. 2000;34(2):108-19.

LEFRTCC/Hartford%20Consensus%20Call%20to%20Action.pdf.

18. Eckles RE, Meslin EM, Gaffney M, et al. Medical ethics education:

Accessed December 10, 2020.

Where are we? Where should we be going? A Review. Acad Med.

5. Jacobs LM, Burns KJ. The Hartford Consensus: survey of the public

2005;80(12):1143-52.

and healthcare professionals on active shooter events in hospitals. J

19. Inaba K, Eastman AL, Jacobs LM, et al. Active-shooter response at a

Am Coll Surg. 2017;225(3):435-42.

health care facility. N Engl J Med. 2018;20379(6):583-6.

6. Wexler B, Flamm A. Lessons learned from an active shooter

20. Solymos O, O’Kelly P, Walshe CM. Pilot study comparing simulation-

full-scale functional exercise in a newly constructed emergency

based and didactic lecture-based critical care teaching for final-year

department. Disaster Med Public Health Prep. 2017;11(5):522-5.

medical students. BMC Anesthesiol. 2015;15:153.

7. Kotora JG, Clancy T, Manzon L, et al. Active shooter in the

21. Daniels K, Arafeh J, Clark A, et al. Prospective randomized trial of

emergency department: a scenario-based training approach for

simulation versus didactic teaching for obstetrical emergencies.

healthcare workers. Am J Disaster Med. 2014; 9(1):39-51.

Simul Healthc. 2010;5(1):40-5.

8. Johnson O, Carlson P, Murphy B, et al. Preparing civilians to survive an

22. Wang CL, Schopp JG, Petscavage JM, et al. Prospective randomized

active shooter event. Journal of Law Enforcement. 2015; 5(2):1-13.

comparison of standard didactic lecture versus high-fidelity simulation

9. Menes K, Tintinalli J, Plaster L. How one Las Vegas ED saved
hundreds of lives after the worst mass shooting in U.S. history. 2017.

for radiology resident contrast reaction management training. AJR

Available at: https://epmonthly.com/article/not-heroes-wear-capes-

Am J Roentgenol. 2011;196(6):1288-95.
23. Gisondi MA, Smith‐Coggins R, Harter PM, et al. Assessment of

one-las-vegas-ed-saved-hundreds-lives-worst-mass-shooting-u-s-

resident professionalism using high‐fidelity simulation of ethical

history/#:~:text=Kevin%20Menes%2C%20MD-,Dr.,in%20saving%20

dilemmas. Acad Emerg Med. 2004;11(9):931-7.

hundreds%20of%20lives.. Accessed December 10, 2020.

24. McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB.

10. Rudolph JW, Raemer DB, Robert S. Establishing a safe container
for learning in simulation: the role of the presimulation briefing. Simul

Does simulation-based medical education with deliberate practice

Healthc. 2014;9(6):339-49.

yield better results than traditional clinical education? A meta-analytic
comparative review of the evidence. Acad Med. 2011;86(6):706-11.

11. US Department of Health and Human Services. Incorporating

25. Dieckmann P, Lippert A, Glavin R, et al. When things do not go as

active shooter incident planning into health care facility emergency

expected: scenario life savers. Simul Healthc. 2010;5(4):219-25.

operations plans. 2014. Available at: https://www.phe.gov/
preparedness/planning/Documents/active-shooter-planning-eop2014.

Volume 22, no. 3: May 2021

26. Wang EE. Simulation and adult learning. Dis Mon. 2011;57(11):664-78.

517

Western Journal of Emergency Medicine

Original Research

Self-Inflicted Gun Shot Wounds: A Retrospective,
Observational Study of U.S. Trauma Centers
Faith Quenzer, DO*
Andrew Givner, MD†
Rachel Dirks, PhD‡
Christopher J. Coyne, MD, MPH*
Frank Ercoli, MD†§
Ricard Townsend, MD†§

*University of California, San Diego, Department of Emergency Medicine, San Diego,
California
†
Desert Regional Medical Center, Department of Emergency Medicine, Palm
Springs, California
‡
University of California, San Francisco-Fresno, Department of Emergency Medicine,
Fresno, California
§
Desert Regional Medical Center, Desert Trauma Surgeons, Palm Springs, California

Section Editor: Patrick Maher, MD, MS
		
					
Submission history: Submitted July 29, 2020; Revision received April 3, 2021; Accepted April 3, 2021
Electronically published May 19, 2021		
Full text available through open access at http://escholarship.org/uc/uciem_westjem 		
DOI: 10.5811/westjem.2021.4.49315

Introduction: Intentional self-harm (suicide) by firearms is a growing problem in the United States.
Currently, there are no large studies that have identified risk factors for patients who die from selfinflicted gunshot wounds. Our objectives are to 1) identify risk factors for patients with the highest
morbidity and mortality from self-inflicted gunshot wounds (SIGSWs) at trauma centers 2) present
the outcomes of victims of SIGSW by handguns (HG) versus all other specified guns (AOG) and 3)
compare the presentations and outcomes of victims with head or face (HF) injuries to other regions of
the body.
Methods: We performed a retrospective analysis from the National Trauma Database (NTDB) data
between 2012 and 2013 of all SIGSW patients who presented to trauma centers. Categorical data
included patient characteristics upon presentation and outcomes which were compared between
patients with HG injury versus AOG injury using the Chi-Squared test, where AOG includes shotguns,
hunting rifles, and military firearms. Additionally, analysis of head and face (HF) injuries versus other
bodily injuries (OBI) were compared between the HG group versus AOG group using Chi-squared test.
Results: There were 7,828 SIGSWs, of those, 78% (6,115) were white and 84.3% (6,600) were
male. There were 5,139 HG injuries, 1,130 AOG injuries, and 1,405 unidentified gun injuries. The HG
group was likely to be older (>55 years old), hypotensive (systolic blood pressure < 90), have a lower
Glasgow Coma Score (GCS < 9), use illegal, or use prescription drugs. In comparing HF injuries
(4,799) versus other bodily injuries (OBI) (3,028), HF group was more likely to use handguns, expire
in ED, require ICU, and have a higher percent of overall mortality. Of the total OBI, the thorax, upper
extremities, and abdomen were the most commonly injured.
Conclusion: In our retrospective study of SIGSWs, we were able to demonstrate that SIGSW by
handguns are associated with higher rates of mortality versus all other types of firearms. SIGSWs in
older white males with handguns are the most at-risk for severe complications. Future efforts should
improve screening methods for handguns in suicidal patients and at developing prevention programs.
[West J Emerg Med. 2021;22(3)518-524.]

INTRODUCTION
Intentional self-harm (suicide) is a growing problem in the
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United States (U.S.) and has recently become one of the top ten
leading causes of death. Earlier studies have shown that higher
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rates of firearm ownership are strongly associated with higher
rates of firearm suicide.1-2 We designed this study to investigate
several characteristics surrounding self-inflicted gunshot wounds
(SIGSWs) that present to designated trauma centers.
According to the most recent data in 2017, a total of 39,773
deaths were due to firearms, which has increased since the
previous year. Reportedly, 60% of these firearm arm deaths were
self-inflicted. Whereas, firearm deaths due to assault accounted
for 36.6%. Despite the fact that a majority of firearm deaths
were self-inflicted, there is still a limited amount of research and
data on self-inflicted firearm deaths and injury.1-3 Additionally,
self-inflicted gunshot wounds are not always clearly defined
as intentional, as in suicide. For the purpose of our study, selfinflicted gunshot wound (SIGSW) is defined as a gunshot wound
while the gun was in the possession of the injured person at the
time of firing, with an unknown intent of the shooter. Conversely,
assault by gunshot wound will be defined as when the gun was
not in the possession of the injured person at the time of firing.
Our objective is to compare the presentations and outcomes
of victims of self-inflicted gunshot wounds (SIGSW) by
handguns (HG) versus all other specified guns (AOG) group.
Additionally, we compare the presentations and outcomes of
victims with head or facial (HF) injuries to those with injuries to
other regions of the body.

Population Health Research Capsule
What do we already know about this issue?
Suicide by firearms is a growing problem in
the U.S.
What was the research question?
What factors increase the morbidity and
mortality of self-inflicted gunshot wounds
(SIGSWs) at trauma centers?
What was the major finding of the study?
Handguns are associated with higher
morbidity and mortality in SIGSWs in older
white males.
How does this improve population health?
Our study highlights the need to screen
suicidal patients with firearm access in the
emergency department.

METHODS
We performed a retrospective analysis of data, which was
taken from the National Trauma Database (NTDB). This data
represents all patients of all ages who presented to designated
trauma centers in the United States (U.S.) between 2012 and
2013. The data were extracted from various external cause of
injury codes (e-codes). These e-codes were diagnosis codes
to explain the circumstances and the external causes of a
particular injury prior to the use International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10CM) codes. Patients who presented to designated U.S. trauma
centers with e-codes 955.0 (Suicide and self-inflicted injury
by handguns), 955.1 (Suicide and self-inflicted injury by
shotgun), 955.2 (Suicide and self-inflicted injury by hunting
rifle), and 955.3 (Suicide and self-inflicted injury by military
firearm) were included in the analysis. From the e-codes, patient
demographics, characteristics, and outcomes were analyzed by
using contingency tables and the Chi-Square test. We compared
the characteristics and presentations of those who sustained a
HG injury versus AOG. Any firearm that was not a HG was an
AOG. These AOGs include shotguns, hunting rifles, and military
firearms. Additionally, a subgroup analysis was performed which
compared head and face (HF) injuries versus other bodily injuries
(OBI) using the Chi-squared test.
RESULTS
From the National Trauma Database (NTDB), a total of
7,828 cases of SIGSWs presented at designated U.S. trauma
centers from 2012 to 2013. Of these SIGSWs, there 5,139 HG
Volume 22, no. 3: May 2021

injuries and 1,130 AOG injuries. The raw data show that males
accounted for 6,600 (84.3%) patients and females accounted for
1,228 (15.7%) patients. Of the total number of SIGSWs, 6,115
(78%) were identified as White. There were 1,405 SIGSWs
that were excluded from the analysis because the data did not
identify the type of firearm involved. Additionally, 154 patients
whose injuries may not have been a SIGSW were excluded
from analysis.
In comparing the two SIGSW groups; patients who sustained
HG injuries were more severely injured compared to AOG
injuries. As observed in Table 1, patients in the younger than
55-year-old age group who sustained SIGWS were more likely
to use all other guns (shotguns, hunting rifle, military firearms).
The HG group was more likely to be older than 55 years of age
(p < 0.001), male (p = 0.001), and hypotensive with systolic
blood pressure less than 90 mmHg (p < 0.001). The HG group
was also more likely to have a Glasgow Coma Score (GCS) less
than 9 (p < 0.001). In those with a GCS total of 9 to 13, there was
no statistical difference between the HG and the AOG groups.
However, the AOG patients were more likely to have a GCS of
14 or 15 (51%) versus the HG group (39%) with p < 0.001.
There was no difference between the proportion of those who
tested positively for alcohol intoxication in the HG versus AOG
groups (p = 0.25). The 1,581 (49%) patients in the HG group
and 367 (51%) patients in the AOG group tested positively for
alcohol. Only a limited number of patients received toxicology
panels: 2,013 of the HG group and 438 of the AOG group.
Among these groups, the HG group had a higher proportion of
patients who tested positively for illicit drugs versus 740 (37%)
versus the AOG group 129 (30%) (p=0.004). While interestingly,
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the AOG group had a higher proportion of who tested positively
for prescription drugs with 212 (48%) versus the HG group with
719 (36%), p<0.001.
In examining SIGSW bodily injuries, head or facial (HF)
injuries were more lethal and presented with severe morbidity
compared to other bodily injuries (OBI) in the ED. In Table 2,
of the 4,799 HF injuries, 1,052 (22%) resulted death in the ED
versus the 111 (4%) of the 3,028 OBI patients (p < 0.001). Of the
HF injured patients, 2,768 (58%) required ICU care versus 531
(18%) of the OBI patients (p < 0.001). Those with OBI injuries
were more frequently admitted to the hospital floor 660 (22%),
taken to the OR 1,303 (43%), or discharged home versus their HF
injured counterparts with p <0.001. Of the HF injured patients,
2,817/4,799 (59%) died during their presentation to the ED
versus 365/3,048 (12%) of the OBI patients (p < 0.001).
The categorization of the 2012 to 2013 NTDB data follows
a trimodal model supported by earlier trauma where severity of
injury is categorized trauma associated mortality.4 Immediate
death or dead-on-arrival (DOA) occurs within minutes to within
an hour of arrival at the hospital. These patients are likely to have
sustained unsurvivable injuries. Additionally, patients who die
within the four-hour interval are also likely to have sustained
serious, severe injuries but will take into account for regional
transport time from the trauma scene and to the hospital trauma
center.4 Those who die within the 4-to-24-hour time frame also
have but are considered to have been potentially treatable with
prompt definitive care.4,5 Those who die within the 24–72hour timeframe also has treatable injuries, but likely die from
complications of the inciting trauma.4 Those who die outside of
the 72-hour time frame, likely die from a complication other than
the trauma itself such as pulmonary embolisms.6

We compared several time of death intervals between the HF
and OBI groups. There was no statistically significant difference
between those who presented DOA to the ED between the two
groups. In the OBI group, a greater proportion died within four
hours of arrival and in the greater than 72 hours versus the HG
group (p < 0.001). A greater proportion of the HG group died
within the 4-24 hour time frame and the 24-72 hour time frame
than the AOG group (p < 0.001).
In the subgroup analysis of the 3,028 OBI, the most
common region of the body injured was the thorax 1,261 (42%),
followed by 924 (30%) upper extremity injuries, 885 (29%)
abdominal injuries, and 783 (26%) lower extremity injuries.
There were only 118 (4%) SIGSW patients who presented with
spinal injuries. In those categorized with HF injuries in the ED,
252 (5%) presented with neck injuries versus OBI with 114
(4%) (p = 0.002).
DISCUSSION
The United States (U.S.) has one of the highest rates of
overall firearm associated mortality when compared to other
developed, high-income countries.7,8 Most firearm-related
injuries and deaths in the U.S. are actually due to suicides and
self-inflicted gunshot wounds.1,9 The rate of firearm associated
suicides is 8 times higher in the U.S. when compared to other
high-income countries such as Canada and South Korea.2 Over
the recent decade, the number of suicides has been steadily
increasing and is now one of the top 10 leading causes of
death in the U.S.9 Prior studies have demonstrated that firearm
ownership has had a strong association with suicide and
intentional self-harm.10-14
Self-inflicted firearm injury as a form of attempted suicide is

Table 1. Comparison of the handgun group vs all other specified gun group (AOG).
Demographics

Handgun (N = 5,139)

All other specified gun (N = 1,130)

P-value

0-15

78 (2%)

34 (3%)

0.001

16-55

3,821 (74%)

888 (79%)

0.002

Age

>55

1,221 (24%)

202 (18%)

<0.001

Male gender

4,141 (81%)

960 (85%)

0.001

SBP* < 90

1,131 (22%)

190 (17%)

<0.001

2,726 (53%)

454 (40%)

<0.001

Glasgow Coma Scale
<9
9-13

209 (4%)

48 (4%)

0.75

14-15

1,986 (39%)

573 (51%)

<0.001

Alcohol present

1,581/3,243 tested (49%)

367/718 tested (51%)

0.25

Drug use**

(2013 tested)

(438 tested)

No drugs

687 (34%)

150 (34%)

0.96

Illicit drugs

740 (37%)

129 (30%)

0.004

Prescription drugs

719 (36%)

212 (48%)

<0.001

*SBP is systolic blood pressure in millimeters mercury (mmHg) recorded upon hospital arrival.
**Drug use (percent to exceed 100 because many have tested positively to both prescription and illegal drugs).
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more lethal in contrast to other forms of self-inflicted penetrating
injury.6,11-17 In spite of the rising rate of attempted suicide and selfinflicted firearm deaths, there has been limited funding to support
the research of gun violence. Therefore, it remains difficult to
understand the factors and characteristics that contribute to gun
violence and suicide.18-19
Gun ownership is very prevalent in the United States
with a population that has the greatest number of civilianheld firearms in the world. It is estimated that there are
265,000,000 to 393,347,000 firearms held by civilians in the
United States.18,19 A recent 2020 poll estimates that 32% of
Americans possess a firearm and that 44% live in a households
with at least one firearm.20
Out of all the firearms that are manufactured and bought
in the United States, the handgun is the most popular and
most often purchased.18,19 Overall, firearm ownership has been
associated with an increased risk of violent death.10-14, 21, 23
Handgun ownership, in particular, appears to be associated with
an increased risk of suicide.10-11, 21,22 A recent study demonstrates
that rates of suicide by any method were higher among handgun
owners when compared to non-owners.18 A study of suicides

in California demonstrated that within the first week after the
purchase of a handgun, the rate of suicide among purchasers (644
per 100,000 person-years) was 57 times higher than the adjusted
rate of suicide in the general population.3 Even in the five years
after the legal purchase of a handgun, there is an associated
increased risk of suicide.21
Similar to previous studies, we found that SIGSW by
handgun was associated with increased risk of death and high
morbidity when compared to SIGSWs by other gun types.
Older, white males with handguns comprise of the highest
proportion of suicide by firearm.10,13,14 Prior smaller studies
have demonstrated that serious head injuries are often caused
by handgun SIGSWs.14, 24-26 A more recent study revealed that
SIGSW head and facial injuries had a high survivability, but
only in the absence of significant neurological injury.26 Those
with a GCS 14 -15 were likely to have little or no associated
brain injury and their wounds were localized to the face.
However, SIGSWs that result in brain trauma are significantly
associated with mortality.24-26
Prior to this study, there has been no large, multi-center
retrospective analysis on self-inflicted gunshot wound victims

Table 2. Outcomes of head and facial injuries versus those with other body injuries excluding head and face.
Head or facial injury (N = 4,799)

Other bodily injuries (N = 3,028)

P-value

Death

1,052 (22%)

111 (4%)

<0.001

ICU

2,768 (58%)

531 (18%)

<0.001

ED disposition

Floor

181 (4%)

660 (22%)

<0.001

OR

536 (11%)

1,303 (43%)

<0.001

107 (2%)

287 (9%)

<0.001

2,817 (59%)

365 (12%)

<0.001

Home
Mortality
Time to death
DOA (<10 min LOS)

379 (14%)

50 (14%)

0.90

<4 hrs

801 (28%)

213 (58%)

<0.001

4-24 hrs

907 (32%)

38 (10%)

<0.001

24-72 hrs

529 (19%)

6 (2%)

<0.001

>72 hrs

201 (7%)

58 (16%)

<0.001

Head

4,114 (86%)

n/a

n/a

Face

2,251 (47%)

n/a

n/a

Neck

252 (5%)

114 (4%)

0.002

Thorax

113 (2%)

1,261 (42%)

<0.001

Abdomen

42 (1%)

885 (29%)

<0.001

All body regions injured

Spine

82 (2%)

118 (4%)

<0.001

Upper Extremity

213 (4%)

924 (30%)

<0.001

Lower Extremity

72 (2%)

783 (26%)

<0.001

Unspecified

64 (1%)

96 (3%)

<0.001

***Drug use (percent to exceed 100 because many tested positively to both prescription and illegal drugs).
ED, emergency department; ICU, intensive care unit; OR, operating room; DOA, dead on arrival; min, minute; LOS, length of stay; hrs, hours.

Volume 22, no. 3: May 2021

521

Western Journal of Emergency Medicine

Self-inflicted Gunshot Wounds in Trauma Centers

Quenzer et al.

who presented to designated trauma centers in the U.S. Our study
helps to fill this void by highlighting key characteristics of those
persons more likely to die at trauma centers by self-inflicted
gunshot wounds.
Our study contributes to the existing literature by examining
a large number of trauma patients and documenting the severity
of disease, the differing outcomes related to gun type and location
of injury, and the incidence of concurrent alcohol and illicit drug
use. As expected, SIGSW by HGs led to more lethal conditions
with lower GCS scores (less than 9), hypotension, shorter time
to death window, and overall higher mortality versus the AOG
group overall. Prior smaller studies have demonstrated that
illicit drug or alcohol intoxication are implicated in suicide.25
A previous study by Bukur et al reported that patients with
SIGSWs had a high positivity rate for methamphetamines.12 In
our cohort, the HG group had a higher prevalence of illicit drug
use, while the AOG group had a higher prevalence of alcohol and
prescription drug use.
Our results also show that older, White males with handguns
pose the highest risk of suicide. Screening and preventative
programs should be aimed toward this particular demographic.
Because anxiety and depression are common complaints in the
ED, routine screening of firearm access and ownership should be
performed. A study of eight EDs demonstrated that patients with
suicidal ideation or attempts, who had firearms in the home, were
not assessed for access to lethal means counseling.27 Specifically,
asking about hand gun access should be routine, integral part of
the history taking of a patient suffering from anxiety, depression,
or suicidal ideation. If integrated well into ED treatment plan,
lethal means counseling in suicidal patients under 18 years
old can be viewed as both favorable and effective. In their
interventional study, Runyan and colleagues have found that all
of the suicidal youth who were seen in the ED and received lethal
means counseling prior to discharge had firearms locked. This is
compared to initial 67% of their households reportedly keeping
firearms locked prior to the counseling.28
Legislative approaches that have been used in limiting
firearm access to the general public and have observed
decreased incidences of mortality due to SIGSWs.
Comprehensive firearm laws such as the National Firearm
Agreement (NFA) in Australia limited public firearm ownership
in 1996 through regulations and government buy-back program
of guns from individual owners.29 Several firearm observational
studies have found a significant decrease in firearm associated
suicides after the passing of the NFA.29,30
Another legislative approach could would be to expand
Gun Violence Restraining Orders (GVROs) as known as “Red
Flag Laws” or “Risk Warrants” or “Extreme Risk Protection
Order Laws” allow for immediate family members and law
enforcement to petition a court to seize and retain firearms from
persons who have potential to endanger themselves or others for
a finite amount of time. Recently, in California, the GVRO was
expanded to include school workers, employers, and co-workers
within the last year.31-33 In San Diego county, there are individual
Western Journal of Emergency Medicine

cases that have cited the effectiveness of GVROs actually
halting suicides and assault secondary firearms.33 It is uncertain
as to whether or not the GVROs require physicians, who are
otherwise mandatory reporters, to report patients who could be
potentially violent (similar to the Tarasoff rule).33,34 A few studies
have found that adopting and enforcing GVROs may lead to an
overall decrease firearm suicide.31-35 Unfortunately, enforcement
of GVROs can been variable and some states and jurisdictions
may enforce GVROs more heavily than others.36,37 A recent
longitudinal study showed that GVROs could be effective in
decreasing suicides in elderly males; the same population that we
found to be highest risk in our study.38
More prospective studies that can comprehensively compare
gun legislation, suicide screening programs, and GVROs as
interventions in different regions, counties, states in the U.S
should be performed to investigate the effectiveness of these
strategies in the prevention of firearm suicides.
LIMTATIONS
This study provided a large set of the data from multiple,
designated trauma centers using ICD-9 codes. The e-codes
provided a more reliable set of data than self-reported
data. However, there are limitations to using e-codes. Most
importantly, data may have been lost or miscoded due human
error. Cases are restricted to patients who were seen in the
emergency department at a designated trauma center. Therefore,
cases of SIGSWs may have been missed due to the fact that the
patient did not present to a designated trauma center or may have
died prior to arrival to the hospital. Also, the mechanism of injury
may not have been known at the of time of ED evaluation and
thus not properly e-coded and included within our data.
Additionally, there were 1,405 patients where the weapon
type was not clearly identified and another 154 cases that could
not be confirmed as SIGSW. As discussed earlier, the intention
of the shooter was not completely known and the events
leading to the patient’s presentation to the designated trauma
center were largely unwitnessed. It cannot be completely
known whether or not these the SIGSWs had suicidal intent.
The data regarding patients’ toxicology results may also be
inaccurate, due to the lack of complete data. Finally, for patients
who presented DOA, laboratory evaluation may not have
been performed prior to the patient being deceased, creating
additional missing data points.
CONCLUSION
In this large, retrospective study of SIGSWs presenting to
designated Trauma Centers in the U.S., handguns were more
commonly associated with lethal or near-lethal injuries. Our
findings demonstrate that older, White males, who own handguns, are the most at-risk group for lethal and near-lethal SIGSWs. We hope that this study helps demonstrate the crucial
need to improve our current gun legislation and to integrate
lethal means firearm screening programs in the ED for the
most vulnerable patients.
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Introduction: Presence of a firearm is associated with increased risk of violence and suicide. United States
military veterans are at disproportionate risk of suicide. Routine healthcare provider screening of firearm access
may prompt counseling on safe storage and handling of firearms. The objective of this study was to determine
the frequency with which Veterans Health Administration (VHA) healthcare providers document firearm access
in electronic health record (EHR) clinical notes, and whether this varied by patient characteristics.
Methods: The study sample is a post-9-11 cohort of veterans in their first year of VHA care, with at least
one outpatient care visit between 2012-2017 (N = 762,953). Demographic data, veteran military service
characteristics, and clinical comorbidities were obtained from VHA EHR. We extracted clinical notes for
outpatient visits to primary, urgent, or emergency clinics (total 105,316,004). Natural language processing
and machine learning (ML) approaches were used to identify documentation of firearm access. A taxonomy
of firearm terms was identified and manually annotated with text anchored by these terms, and then trained
the ML algorithm. The random-forest algorithm achieved 81.9% accuracy in identifying documentation of
firearm access.
Results: The proportion of patients with EHR-documented access to one or more firearms during their first
year of care in the VHA was relatively low and varied by patient characteristics. Men had significantly higher
documentation of firearms than women (9.8% vs 7.1%; P < .001) and veterans >50 years old had the lowest
(6.5%). Among veterans with any firearm term present, only 24.4% were classified as positive for access to a
firearm (24.7% of men and 20.9% of women).
Conclusion: Natural language processing can identify documentation of access to firearms in clinical notes
with acceptable accuracy, but there is a need for investigation into facilitators and barriers for providers and
veterans to improve a systemwide process of firearm access screening. Screening, regardless of race/
ethnicity, gender, and age, provides additional opportunities to protect veterans from self-harm and violence.
[West J Emerg Med. 2021;22(3)525-532.]
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INTRODUCTION
In 2020 42% of United States (US) households reported
owning a firearm.1 Firearms in the home increase risk of
violent events,2-5 and is a significant threat to public health.
Nearly half (44.9%) of all US military veterans own a firearm,
with ownership reportedly higher among males (47.2%).6
Veterans are at disproportionate risk for suicide,7 accounting
for 20% of suicide deaths despite constituting 13% of the US
population. Firearms are involved in 67% of suicides among
veterans compared with 50% of the general public.8
While access to firearms is associated with increased
risk for injury and death, safe firearm storage is associated
with decreased risk.9,10 Public health advocates recommend
strategies to restrict access to lethal means as a suicide
prevention strategy.11 For firearms these processes include
safe storage measures such as gun safes, gun locks, storage of
ammunition and guns separately, and storage of guns unloaded
and locked. 12 Members of the military tend to store firearms
unsafely with 45.2% reporting they store firearms both loaded
and unlocked, and an additional 33% store firearms either
loaded or unlocked.13,14
Screening veterans for firearms ownership and safe
storage is needed to prevent unnecessary injuries and deaths.
Healthcare providers are in a position to screen and counsel
patients on safe firearm storage.4 Counseling on health and
safety is a well-established healthcare practice; there are
guidelines for screening and counseling in many areas of
health including healthy eating, physical activity, mental
health, and injury prevention.15 While firearm-related injuries
and deaths are a public health problem, particularly in the
US,16 a minority of physicians report engaging in firearm
counseling.17 Despite several groups having recommended
both targeted and universal screening for firearm access,17-24
there are no current national guidelines for screening in
primary care, urgent care or emergency care settings even
though gun safety is associated with lower risk of injuries
and death.25,26
To understand how current practice may be adapted, more
information on the frequency with which healthcare providers
document firearm screening is needed. In this study we present
results of Veterans Health Administration (VHA) healthcare
providers’ documentation of firearm access screening in
electronic health record (EHR) notes among VHA patients
in outpatient primary care, urgent care, and emergency
department (ED) settings.
METHODS
The study is a cross-sectional examination of the
frequency of documentation of screening for veterans’ access
to firearms across several healthcare settings using natural
language processing (NLP), which refers to automatic
computational processing of human language.27 The study
was approved by the Veterans Administration Connecticut
Western Journal of Emergency Medicine
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Population Health Research Capsule
What do we already know about this issue?
United States Veterans are more likely to own
a firearm and to be at risk for firearm injuries
and death than civilian populations.
What was the research question?
Our study aimed to determine how frequently
VA healthcare providers document firearm
access screening.
What was the major finding of the study?
Documentation of firearm access for Veterans
by healthcare providers was low but higher in
men than women.
How does this improve population health?
Identifying barriers and facilitators to help
healthcare providers increase screening
for firearms and counsel safe storage could
support prevention efforts.

Healthcare System Institutional Review Board.
The study sample included men and women veterans
from a national, post-9-11 cohort28,29 during their first year
of VHA healthcare, defined by the presence of at least one
primary care visit from 2012-2017. We obtained data on
demographic and veteran military service characteristics
from the Defense Manpower Data Center–Contingency
Tracking System Deployment File, provided to the VHA
from the US Department of Defense. Variables included
age, gender, race/ethnicity, marital status, education, rank
(e.g., officer, enlisted), military branch (e.g., Army, Marine
Corps), and deployment dates. VHA visit information
came from EHR data extracted from the Corporate Data
Warehouse (CDW). The CDW includes information on
healthcare utilization, pharmacy, laboratory, vital signs,
coded diagnostic and procedural data (International
Classification of Diseases, 9th and 10th revisions, Clinical
Modification [ICD-9-CM and ICD-10-CM]) and Current
Procedural Terminology (associated with all VHA inpatient
and outpatient encounters.30,31
We identified comorbid conditions using ICD-9 and ICD10 coded diagnoses defined by ≥2 outpatient (on separate
days) or ≥1 inpatient code for the condition. This methodology
has been used for the identification of psychiatric disorders in
administrative data32 and human immunodeficiency virus in
Medicaid data.33 Diagnostic code groupings were previously
validated.34 Major mental health diagnoses included posttraumatic stress disorders (PTSD), major depressive disorders,
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alcohol use disorders, and substance use disorders.

Natural Langauge Processing Tool Development and
Performance for Firearm Access Identification
Firearm Taxonomy
For the information extraction process, we developed a
coding manual for chart review and a taxonomy for firearms
for annotation. A taxonomy was created by by searching
existing vocabularies (NCBIO, UMLS, SnoMed) and the
literature for published ontologies used for guns, gunlock, and
firearms. A Cochrane review on gunshot wounds contained
terms such as trauma* or injur* or penetrat* or wound*or
perforat* or stab* or gunshot or shot, and the Medical Subject
Headings (MeSH) database included the following: “Wounds,
Gunshot”[Mesh]) OR “Wounds, Penetrating”[Mesh:NoExp])
OR“Multiple Trauma”[Mesh])) OR “polytrauma.” This list
of terms was supplemented with over 120 candidate terms
and phrases contained in a national database35 on firearm
homicides. We then reviewed and narrowed the phrases down
to 27 (shown in Table 1) deemed relevant by VHA clinicians.
Annotation
We identified 2,584,607 notes with one or more of the
phrases, and annotated 1856 text snippets randomly selected
from notes that contained any of the search terms. Each snippet
contains a 35-word span before and after a firearm-relevant
phrase. The annotation classifications for firearm access were
the following: positive (ability to determine that the veteran
had current access to at least one firearm); negative (language
that the veteran did not have current access to any firearms);
and ambiguous (there was insufficient evidence for either a
positive or negative classification from the note – an example
Table 1. Counts of firearm-related terms found in notes (N = 27
terms).
Term

Count

Term

Count

Rifle

45,897

38 caliber

58

Pistol

32,893

9 mm Beretta

49

Shotgun

25,761

Arms dealer

51

12 gauge

848

Blue suicide

3

9 mm Glock

59

Home invasion

45 caliber

417

Minigun

6

22 caliber

281

Mossberg shotgun

6

Semiautomatic

90

Pistol whip

357 Magnum

140

Revolver

M1 rifle

4

Ruger pistol

2,940

105
2,295
5

Gun

653,308

Smith and Wesson

253

Guns

423,119

Sniper rifle

370

Firearm

305,766

Winchester rifle

Firearms

1,089,875

mm, millimeter.
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might be that the veteran owned a firearm but it was somewhere
else). Each snippet was annotated by two of the authors and
disagreement adjudicated by their consensus. An inter-annotator
agreement was calculated. The annotated snippets served as the
reference standard in training and testing.
Features
We used n-grams as features. In clinical text, unigrams
are single words, and bigrams are two words that occur in a
sequence. For example, in the phrase “patient owns a shotgun”
the unique unigrams are patient, owns, a, and shotgun. In the
same phrase, patient_owns, owns_a, a_shotgun are unique
bigrams. Alpha or numeric tokens (discrete words and numbers)
were counted in the unigrams and bigrams. The features
included unique unigrams with a frequency greater than 34, and
unique bigrams in the annotation spans with a frequency greater
than four. These threshholds are empirically chosen to filter out
the less prevalent n-grams and reduce overfitting. The training
features for the model (for each document) consisted of binary
indications of the presence of each of the identified unigrams
and bigrams, along with the offset location of the keyphrase in
the snippet.
Training and Testing
We used the annotated snippets to train a random forest
model with 200 estimators or trees. The random forest model
maximum depth was set to 15, with maximum features
automatically determined by the model and the gini split
criterion. Hyperparameters were determined through gridsearch
and other testing. We split the 1856 text snippets into 85%
for training and 15% for testing. The model performance was
measured by accuracy.
Validation
For validation, we annotated an additional 238 clinical
notes on the note (instead of the snippet) level, with 175 negtive
and 63 positive for firearm access. The random forest model
was applied to these notes, based on the snippet identified in
each document. Figure 1 below is a schematic of this process.
Statistical Analysis
We conducted all statistical analyses using SAS software
version 9.4 (SAS Institute, Cary, NC). Baseline characteristics
of veterans include frequency (percentages) and means (±
standard deviations) or median (interquartile range), and
differences by age, race, ethnicity and gender were examined
using chi-squared test or Student’s t test, as appropriate. We
used a multivariable logistic regression model to assess firearm
mention and adjust for potential confounding based on the
literature. Among those with firearm mention, a logistic model
was run to assess firearm access. We examined model fit using
quasi-information criterion and residual plots. Hypotheses were
tested at a two-sided significance level of α = 0.05.
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Figure 1. Application pipeline.
EHR, electronic health record; ML, machine learning.

RESULTS
The Cohen kappa score measuring inter-annotator
agreement among the review team members identifying
screening documentation incidents was 80%. On the testing
dataset (15%), the accuracy was 81.0%. On the final validation
dataset, the random forest model achieved 81.9% accuracy,
90.9% specificity, 57.1% sensitivity, and positive predictive
value of 69.2% in classifying the 238 test notes. Table 1
demonstrates the frequency of the most common firearmrelated terms within the VHA text notes. These counts are
non-distinct by patient but demonstrate the breadth of terms
used in clinical notes by providers; many of the highly
specific terms were present in notes as historical and exposure
events for PTSD documentation, and/or noise exposure (out of
105,316,004 outpatient care notes).
We included data during the first year in VHA care for
762,953 veterans in the analytic sample. Table 2 demonstrates
the frequency of documentation of access to firearms and
other guns by clinicians within one year of entry into VHA
healthcare. The mention of any firearm within a clinical note
for veterans was 9.8% of men, 7.1% of women, and 6.5%
in veterans over 50 years of age. Among the small number
of veterans with any firearm term present, only 24% were
classified as positive for access to a firearm (24.7% of men
and 20.9% of women [data not otherwise shown]). Prevalence
patterns by race of any mention/positive access were similar,
with the highest rates among Whites (9.6% mention and
26.3% access [data not otherwise shown]). Documentation of
firearms was higher in veterans with higher numbers of mental
health visits, emergency and urgent care visits than primary
care. Documentation of firearms did not vary regardless of
the number of primary care visits (data not shown). After
adjustment for demographics, utilization, and comorbidities,
significant differences in documentation of access remained
by age, gender, and among veterans with major depression or
PTSD diagnoses.
DISCUSSION
Results demonstrate documentation of firearm access
in clinical notes for less than 10% of contemporary veterans
within the first year of enrollment in VHA healthcare, and that
nearly one quarter of those with documentation were identified
Western Journal of Emergency Medicine

as having access to a firearm. There was a significantly lower
rate of documented access for women veterans, despite data
that show high rates of both men and women veterans who live
in homes with firearms, and increasing rates of fiream-related
suicides among women veterans.6,36 While documentation does
not always equate with conversations between providers and
patients, the low frequency of documented patient-provider
interactions seen in this population suggests that there is
a clear opportunity to increase initiation of conversations
about firearm access and safety. Barriers to implementation
of firearm screening and safety counseling include provider
uncertainty about the effectiveness of firearm screening,
provider uncertainty about the legality of asking about firearm
ownership, and provider unfamiliarity with firearms. Further,
provider unfamiliarity with lethal means restriction as a firearm
suicide prevention strategy may prohibit uptake of screening
and counseling.17,23,37-39 These barriers indicate a need for
increased training of healthcare providers on firearm screening
and safety counseling and normalizing the opportunities to
discuss firearms in a population that has higher rates of firearm
ownership and use.
Discussions must be acceptable to providers and to patients
for it to be effective. Roszko and colleagues’ review of 53
studies of non-veteran clinician firearm attitudes and practices
found that positive attitudes toward firearm discussions were
higher than actual documented discussions, with low firearm
discussions across all disciplines.17 This is encouraging in
that it could indicate healthcare providers may be willing to
undergo training in initiating and carrying out these discussions,
although it remains to be seen whether attitudes differ among
VA providers.
While providers may have positive attitudes toward firearm
screening and counseling, recent studies show mixed support
by gun owners and veterans for healthcare provider initiation of
gun safety conversations.11,40 This suggests that while providers
may be willing to initiate these discussions, it is not clear that
patients will welcome or participate in them if initiated. Such
conversations will need to be clearly delineated as prevention
oriented for gun-owning citiziens and families with specific,
evidence-based practices such as the following: Homes with
locked guns are less likely to have unintentional or self-inflicted
injuries with firearms or deaths.41
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Table 2. Documentation of access to firearm by covariates with adjusted models for any firearm documentation and access.
Any documentation, n= 762,953
No

Adjusted model 1

Adjusted model 2

Mention

Access among
any documentation

Yes

N = 690,599
(91%)

No access,
N = 54,672
(76%)

Female

90,282 (13.07)

5,451 (9.97)

Male

600,398 (86.93) 49,221 (90.03)

Access,
N = 17,601
(24%)

OR (95% CI)

P-value

OR (95% CI)

P-value

Gender
1,440 (8.18)

1

n/a

1

n/a

16,161 (91.82)

1.45 (1.41, 1.50)

<0.001

1.19 (1.12, 1.27)

<0.001

Age groups, n (%)
<30

1,927 (10.95)

1

n/a

1

n/a

13,515 (76.8)

0.88 (0.86, 0.90)

<0.001

0.99 (0.94, 1.05)

0.008

7,467 (13.66)

2,156 (12.25)

0.61 (0.59, 0.63)

<0.001

0.89 (0.82, 0.95)

<0.001

White

438,847 (63.54) 34,402 (62.92)

12,247 (69.58)

1

n/a

1

n/a

Black

123,115 (17.83) 10,246 (18.74)

2,607 (14.81)

1.04 (1.02, 1.06)

0.0002

0.73 (0.69, 0.76)

<0.001

Hispanic

80,443 (11.65)

6,651 (12.17)

1,738 (9.87)

0.96 (0.93, 0.98)

<0.001

0.72 (0.68, 0.76)

<0.001

Other

48,275 (6.99)

3,373 (6.17)

1,009 (5.73)

1.02 (0.99, 1.06)

0.2

0.84 (0.78, 0.91)

0.2

MDD, n (%)

147,787 (21.4)

21,949 (40.15)

8,154 (46.33)

1.43 (1.40, 1.45)

<0.001

1.25 (1.20, 1.30)

<0.001

PTSD, n (%)

277,536 (40.18) 38,082 (69.66)

13,300 (75.56)

2.24 (2.20, 2.29)

<0.001

1.25 (1.20, 1.30)

<0.001

Never

266,593 (41.14) 18,245 (34.01)

5,438 (31.23)

1

n/a

1

n/a

Past

286,280 (44.18) 28,707 (53.51)

9,631 (55.32)

1.08 (1.06, 1.10)

<0.001

1.05 (1.00, 1.09)

0.7

Current

95,102 (14.68)

6,695 (12.48)

2,341 (13.45)

0.99 (0.96, 1.01)

<0.001

1.11 (1.05, 1.17)

0.002

62,808 (9.09)

30-49
50+

80,598 (11.67)

6,116 (11.19)

471,218 (68.23) 41,083 (75.15)
9,623 (20.1)

Race/ethnicity, n (%)

Smoking, n (%)

Chronic pain, n (%)

8,755 (16.01)

2,991 (16.99)

1.06 (1.03, 1.09)

<0.001

1.03 (0.98, 1.08)

0.3

TBI screen, n (%)

616,836 (89.31) 51,867 (94.87)

16,874 (95.87)

1.04 (0.99, 1.09)

0.09

0.99 (0.89, 1.09)

0.8

MST screen, n (%)

630,124 (91.23) 52,330 (95.72)

16,971 (96.42)

0.91 (0.87, 0.96)

0.0007

0.92 (0.83, 1.03)

0.1

Bipolar, n (%)
OUD, n (%)

24,226 (3.51)

4,394 (8.04)

215,791 (31.24) 27,274 (49.89)

1,414 (8.03)

1.09 (1.05, 1.12)

<0.001

0.95 (0.89, 1.01)

0.1

9,269 (52.66)

1.08 (1.06, 1.10)

<0.001

1.01 (0.97, 1.05)

0.6

<0.001

1.1 (1.05, 1.15)

<0.001

Alcohol, n (%)

62,690 (9.08)

11,203 (20.49)

4,049 (23.00)

1.18 (1.16, 1.21)

Drug, n (%)

63,683 (9.22)

11,743 (21.48)

3,696 (21.00)

0.96 (0.94, 0.99)

0.003

0.80 (0.76, 0.84)

<0.001

# ED visits, mean (SD)

0.30 (0.91)

0.59 (1.46)

0.60 (1.38)

1.03 (1.03, 1.04)

<0.001

0.99 (.098, 1.00)

0.07

# MH visits, mean (SD)

3.32 (8.93)

11.53 (17.70)

12.66 (16.63)

1.03 (1.03, 1.03)

<0.001

1.00 (1.00, 1.00)

0.0002

In descriptive statistics, all variables were significant at p<0.05, except Bipolar and Drug. Models were adjusted for # of ER and MH visit at
baseline; 43,921(5%) were missing smoking.
OUD, opioid use disorder; OR, odds ratio; CI, confidence interval; MDD, major depressive disorder; PTSD, post-traumatic stress disorder;
ED, emergency department; MH, mental health; SD, standard deviation; TBI, traumatic brain injury; MST, military sexual trauma.

Perhaps related to the reasons specified above, the
evidence for the effectiveness of this firearm safety
conversation in the clinical setting is mixed.42,43 For this
reason, appropriate, acceptable communication must be
used and evaluated to maximize the impact and inform the
knowledge base of these efforts in the clinical setting.44,45
However, a recent epidemiologic review indicates that
counseling combined with safety-device provision can
impact safe storage in the community.41 Promising strategies
include following the guiding principles of shared decisionVolume 22, no. 3: May 2021

making, with providers stating neutral risks and protective
factors related to gun safety and involving gun owners in
the development of messaging.46,47 These neutral risks can
be culled from the US Centers for Disease Control and
Prevention data as simple facts for patients to understand and
acknowledge as part of their gun ownership responsibilities.48
Specific to the VHA, an appropriate clinical response to
the public health problem of firearm suicide in the veteran
population is needed. Further research within the VHA is
needed to determine the healthcare setting(s) and provider
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types most appropriate for firearm screening and counseling
interventions. This step will require a participatory approach
among health services and informatics researchers to improve
the feasibility, acceptability, relevance, and sustainability of
interventions.49-52 In addition, research is needed to determine
the modality and intervention format (electronic, face to face,
written) that are most effective for each of the key domains in
firearm injury research. Data on the moderators of acceptability
and effectiveness (demographics, political views, comorbidities,
etc.) of screening and interventions from the veteran and
provider perspectives are needed. Only then can researchers
begin to measure the short- and longer-term outcomes of
such interventions and policies. While this approach is clearly
specific to the clinical context and persons involved for veteran
prevention with firearms, prevention is likely best on the
frontlines of care and where repeated encounters occur with
trust-building relationships. Thus, primary care, mental health
and ED settings/providers may need to partner with the health
services and health informatics researchers to fully address the
scope of this need and develop interventions that fit the veteran
patients and the VHA system. Equipped with information and
curiosity, clinicians can engage their veteran patients as part of
routine care, instead of urgent or emergent care, and the health
services and health informatics teams can inform us about
which methods are most feasible and impactful for veteran
quality of life and provider use and sustainability.
LIMITATIONS
Given retrospective studies may introduce sampling
bias53, we included the entire population, not a sample. The
results of the NLP algorithm were limited for the first year of
entry into VHA healthcare for years 2012-2017, which might
underestimate firearm documentation. The identification of
firearm documentation for patterns such as temporal changes,
variations in types of providers and provider settings, and other
patient characteristics will be explored in future work. For
example, in this sample there were increases by year (from 3%
in 2012 to 21% in 2017). Further research is needed to help
explain this increase.
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Introduction: Violence risk assessment is one of the most frequent reasons for child and adolescent
psychiatry consultation with adolescents in the pediatric emergency department (ED). Here we
provide a systematic review of risk factors for violence in adolescents using the risk factor categories
from the MacArthur Violence Risk Assessment study. Further, we provide clinical guidance for
assessing adolescent violence risk in the pediatric ED.
Methods: For this systematic review, we used the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) 2009 checklist. We searched PubMed and PsycINFO databases
(1966–July 1, 2020) for studies that reported risk factors for violence in adolescents.
Results: Risk factors for adolescent violence can be organized by MacArthur risk factor categories.
Personal characteristics include male gender, younger age, no religious affiliation, lower IQ, and Black,
Hispanic, or multiracial race. Historical characteristics include a younger age at first offense, higher
number of previous criminal offenses, criminal history in one parent, physical abuse, experiencing
poor child-rearing, and low parental education level. Among contextual characteristics, high peer
delinquency or violent peer- group membership, low grade point average and poor academic
performance, low connectedness to school, truancy, and school failure, along with victimization, are
risk factors. Also, firearm access is a risk factor for violence in children and adolescents. Clinical
characteristics include substance use, depressive mood, attention deficit hyperactivity disorder,
antisocial traits, callous/unemotional traits, grandiosity, and justification of violence.
Conclusion: Using MacArthur risk factor categories as organizing principles, this systematic review
recommends the Structured Assessment of Violence Risk in Youth (SAVRY) risk- assessment tool
for assessing adolescent violence risk in the pediatric ED. [West J Emerg Med. 2021;22(3)533–542.]

BACKGROUND
Violence or aggression among adolescents is a common
problem of enormous public health significance. Physical
fighting is the most common form of violence in adolescents.1
In addition to the increased risk for injury and substance
abuse, those who fight report less satisfaction with life, poorer
relations with family and peers, and a worse perception of
school. Within the past 12 months, 32.8% of high school-

Volume 22, no. 3: May 2021

aged youth have been in a fight and 16.6% carried weapons to
school.2 Since the 1980s, youths aged 10-17 years constituted
less than 12% of the US population but have been offenders in
25% of serious violent victimizations.3
The evolution of violence can be conceptualized to begin
in young childhood. Children first learn to manage aggression
from their parents as toddlers; poor parenting, such as abuse,
neglect, coercive parenting styles, antisocial modeling, and
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poor limit setting, may lead to an increased risk for violence.4
About 30% of those with oppositional defiant disorder go on
to develop conduct disorder.5 Of those with conduct disorder,
about 40% will progress to antisocial personality disorder.6
There are two main patterns of development of violence:
early onset and late onset.7 Early-onset violence begins
before puberty, accounts for 30% (+/- 15%) of serious violent
offenders,—13% of whom go on to violent careers longer than
two years—and is strongly associated with general offenses
and substance use.7 In contrast, late-onset violence begins after
puberty and accounts for 70% (+/- 15%) of serious violent
offenders, 2% of whom go on to violent careers longer than
two years.7 Late-onset violence is associated with weak social
ties, antisocial and delinquent peers, and gang membership. 7
There are key differences between violent behavior in
adolescents and adults.7 These differences can be categorized
into epidemiology, diagnoses, behavior patterns, treatment,
and legal status. In adolescents, compared to adults, violence
is much more common and accounts for a higher proportion of
all deaths, and violent careers are shorter; the first episode of
serious violence most often occurs in adolescence, sometimes
childhood, and rarely in adulthood.7 Psychotic disorder is
much less common in adolescents who are violent than in
adults. Adolescent violent behaviors tend to occur more in
groups than adult violent behavior.7
Programs at all levels of schooling are effective in
preventing violence. In addition to reducing aggressive
and violent behaviors, these programs also improve school
achievement and activity levels, and reduce truancy.8 In
middle school, programs focus on disruptive behaviors,
bullying, and general violence, while high school programs
focus on violence, dating violence, and bullying. The
programs that decreased violence most drastically were
those taught by peers.8 Treatment for adolescents who are
violent should consider both peer and family involvement.7
Adolescent legal status allows for legal consent for treatment
to be provided by a legal guardian and, with some variation by
age across states, hospitalization can occur over the patient’s
objection with a legal guardian’s consent.7
Aggression and violence are one of the most frequent
reasons for child psychiatry consultation on adolescents in
the emergency department (ED).9 Assessment of violence
risk may be required to determine appropriate disposition
and avoid liability for untoward outcomes. Therefore,
predicting who may become violent is of utmost importance.
Unfortunately, predicting violence can be difficult; studies
have shown that psychiatrist and nurse predictions of violence
in both inpatient and community samples are poor, at times
not differing from chance. 10
Assessing violence risk falls into the purview of
pediatricians and child and adolescent mental health
professionals. Following work in adult, actuarial riskassessment scales, there has been progress in applying scales
to adolescents.11 The two scales that have the strongest
Western Journal of Emergency Medicine

psychometric support are the Structured Assessment of
Violence Risk in Youth (SAVRY) and the Psychopathy
Checklist-Youth Version (PCL-YV). 12,13 However, neither
these nor other scales are routinely used in clinical practice.
To equip both ED pediatricians and child and adolescent
mental health professionals with the best knowledge to
confront the assessment and treatment of aggression, we
report a systematic review of the literature on risk factors for
violence in adolescents in the community and characterize
what is currently known using the risk factor categories
from the MacArthur Violence Risk Assessment study as
organizing principles; identify gaps in knowledge; and discuss
recommendations for further research.14 We conclude with
recommendations for assessing adolescent violence risk in the
pediatric ED.
METHODS
Protocol and Registration
For this systematic review, we used the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
2009 checklist. Full details of this review are listed below.
Eligibility criteria and Data Sources
We searched PubMed and PsycINFO databases (1966–
July 1,2020) for studies that reported risk factors for violence
in adolescents. We also searched reference lists from identified
reports for additional sources. We considered only articles
published in English.
Search
To create a comprehensive list of studies examining risk
factors for adolescent violence, we used combinations of the
following search terms (Figure).

Figure 1. Search terms.
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PubMed database:
risk factors AND violence AND juveniles (#66); risk
factors AND violence AND juveniles AND review (#13);
predictors AND violence AND juveniles (#8); predictors AND
aggression AND juveniles (#5); predictors AND violence
AND adolescents (#1107); risk factors AND violence AND
adolescents (#7270).
PsycINFO database:
risk factors AND violence AND juveniles (#63), risk
factors AND violence AND juveniles AND review (#13),
predictors AND violence AND juveniles (#17), predictors
AND aggression AND juveniles (#10), predictors AND
violence AND adolescents (#297); risk factors AND violence
AND adolescents (#803).

systematic review we considered studies with multiple outcome
measures that differed across studies, standard metrics of bias in
the literature (eg, publication bias) were inapplicable.
RESULTS
Study Characteristics
All but two of the studies in this review were surveys or
longitudinal observational studies. There were no randomized
controlled trials addressing violence risk in adolescents.
Risk of Bias Within Studies
Many of the studies suffered from flaws in study design.
Taken as a whole, the studies considered a constricted range
of risk factors, weak criterion measures of violence, narrow
study samples, and data gathered at a single site. These flaws
are elaborated on in the Discussion section.

Study Selection
We included a study in our dataset if it examined or
included risk factors for violence in adolescents. We defined
adolescent as an individual between the ages of 11-18.
Violence was defined as fighting, using a weapon in a fight,
hitting or beating up someone, hurting someone badly enough
to need bandages or a doctor, or using a weapon to obtain
something. Violence did not include violence against oneself.
We excluded a study from the dataset if it had any of the
following characteristics: 1) only included violence among
inpatient populations; 2) focused solely on intimate partner
violence; 3) was a review, letter or editorial; 4) had been
withdrawn; or 5) only described clinical violence assessment
practices of forensic evaluators. The lead investigator (MM)
searched and vetted each prospective paper, sharing the
descriptive information with co-authors (JW and PA) for their
review and comments. The lead investigator, taking these
comments, had the final say on study inclusion.

Results of Individual Studies
Personal characteristics (Table 1) found to be correlates
for violence in adolescents included male gender, race (Black,
Hispanic, or multiracial), religion (no religious affiliation), IQ
(lower IQ), and age (younger age). 15-28

Table 1. Personal risk factors found to be correlates for violence
in adolescents.
Risk factor

33,902

15,16-19,20-24

3,872

20

Black

3,107

16,22

Hispanic

84,734

25

Multiracial

2,305

28

Lower IQ

588

26,27

2,385

19

Male gender
Religion
No religious affiliation
Race

IQ
Age

Data Items
We categorized the correlates of violence identified
in the studies using the typology of the MacArthur risk
assessment study: Personal, Historical, Contextual and
Clinical characteristics.14 A risk factor was considered positive
if there was a statistically significant (P<0.05) association
with violence as an outcome. The number of total subjects in
each row (N) in Tables 1-4 indicates the number of subjects in
studies in which the results for that variable were significant.
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References

Gender

Data Collection Process
We extracted data and recorded information on the
details of where and how the study was conducted, sample
characteristics, size of study, and how risk factors were
measured.

Risk of Bias in Individual Studies and Across Studies
We considered potential biases at the study level, broadly
defined, focusing on flawed study design. Given that in this

N (total)

Younger age
IQ, intelligence quotient.

Historical characteristics (Table 2) can be further
organized within the following subcategories: criminal history,
disruptive behavior, parental criminal history, physical abuse,
and family history. Within the subcategory of criminal history,
a younger age at first offense, higher number of previous
criminal offenses, prior violence, and drug selling were found
to be correlates for violence in children and adolescents.
Disruptive behavior can be characterized by aggressiveness
or fighting in childhood, cruelty to people, early antisocial
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Table 2. Historical risk factors.
Risk factor

N (total)

References

Younger age at first offense

11,008

15,29-33

Prior violence

24,784

55-57,21,47,58

Drug selling

4,586

21

Arrests

3,818

55

Criminal history

Disruptive behavior
Cruel to people

1,517

30

Childhood aggressiveness
(boys)

415

54

Children characterized as
under-controlled at age 6

731

53

Childhood fighting

808

16

Early antisocial influences

808

16

Conduct problems

11,580

27,36,50-52

Carrying weapon

29,520

47,49

542

23

8,012

29,27

Physical abuse

172,957

38,40-48

Sexual abuse

140,021

38,39

1,037

39

136,549

38

411

27

Low parental education
level

5,385

35-37

Parental job loss

4,586

21

Higher maternal antisocial
personality disorder score

2,562

19,26

120

34

Family alcohol or drug use

139,386

38,71

Low parental support

29,565

20,21,61

411

27

Animal cruelty
Parental criminal history
Parental or familial
criminality
Physical abuse

Neglect
Witnessing abuse
Family history
Poor child-rearing of parent

Maternal bipolar disorder
and perpetrating
intraparental violence

Parent convicted of crime

influences or behaviors, conduct problems, under-controlled
behavior at age six, carrying a weapon, and animal cruelty.
Parental criminal history involves criminal history in either
parent. Physical abuse is described as maltreatment starting
in childhood or adolescence. Family history risk factors
include the child’s parents experiencing poor child-rearing
when they were children, low parental education level, and
higher maternal antisocial personality disorder score, maternal
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bipolar disorder, interparental violence, family alcohol or drug
use, and low parental support.15,16,19,21,23,26,27,29-58
Contextual characteristics (Table 3) found to be correlates
for violence in adolescents include the categories of school,
social relations, firearm access, relationship with parents,
and socioeconomic status. Within the category of school, low
connectedness or support at school, low grade point average,
truancy, low school motivation, suspensions, feeling unsafe
at school, poor study skills, school failure or repeating a
grade, wanting to quit school, or feeling school discipline
is unfair are all risk factors. Social relations that were risk
factors included high peer delinquency, friends who use drugs,
bullying others, victim of bullying, gang affiliation, sexually
active, unsafe sex (in males), fewer friends committed to
learning, dating violence, belonging to a sports team, peer
pressure, and low peer support. Firearm access is a risk
factor for violence in children and adolescents.59 Risk factors
within the category relationship with parents include family
strain, high parental stress, parental psychological aggression,
parental non-authoritative behavior, poor relationship
with parents, parent-child conflict, less parental control,
rejecting parenting, and living in a single-parent household.
Socioeconomic status risk factors include low socioeconomic
status, exposure to community violence, drug use in the
community, community disorganization, having five or more
siblings, and living in a neighborhood where young people are
in trouble.17-19,22,24,27,30-32,35-37,45-47,49-52,55,57,59-80
Clinical characteristics (Table 4) associated with correlates
for violence in adolescents were organized into the following
categories: substance use; depressive symptoms; attention
deficit hyperactivity disorder (ADHD); impulse control;
temperament and personality trait; and psychopathy. Cigarette,
alcohol, and other illicit substances were found to be risk factors
and can be classified under substance use. Symptoms related
to depression, including suicide attempts, are risk factors for
violence, as are ADHD, post-traumatic stress disorder, and
psychotic-like experiences. Impulse control deficits, including
lack of self-control, risk-taking behaviors, and previous
unintentional injury, were also associated with violence risk.
Temperament and personality traits that were risk factors
include antisocial traits, callous/unemotional traits, grandiosity,
justification of violence, intrapersonal strain, anger, perceived
invulnerability to future events and the belief that damaging
another’s property while intoxicated was acceptable, Cluster
A and B personality traits, emotional distress, higher levels
of aggressive beliefs, poor emotion regulation, and reduced
likelihood of suppressing anger were also risk factors for
violence.15,16,19-22,24,27,30,32,35-37,42,45,47,49,51,52,56,57,60,62-66,68,69,71,75,81-90
DISCUSSION
Summary of Evidence
From the studies included in our dataset, several
risk factors were found in multiple studies and stand out
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Table 3. Contextual risk factors.
Risk factor

N (total)

References

Table 3. Continued.
Risk factor

School
Low connectedness/
support at school

23,886

32,60,62

Low GPA

18,613

27,46,50,60,63, 64

Truancy

14,627

30,47

Low school motivation

1,517

30

Suspensions

12,703

55,63

Feel unsafe to go to
school

46,756

49,65

Poor study skills

4,432

66

School failure/repeat
grade

27,302

27,47,67

Wanting to quit school

3,955

51

Felt school discipline
unfair

282

62

High peer delinquency

29,902

30,31,55,57,6870,18,19,31,64,
66,71,72

Friends who use drugs

3,174

31,71

Bullying others

20,054

36,73,74

Victim of bullying or
violence

21,789

24,71,75

Gang affiliation

1,642

46

Sexually active

2,299

22

Fewer friends committed
to learning

2,055

31

Dating violence

1,080

31

Belonging to a sports
team

1,642

46

Low peer support/peer
rejection

28,898

61,70,72

Practicing unsafe sex
(males only)

7,548

45

Peer pressure

4,056

70

Access to firearms

12,734

59,76

Family strain

848

75

Parental psychological
aggression

302

68

High parental stress

1,517

30

Parental nonauthoritative behavior

2,335

35

Poor relationship with
parents

9,603

31,45

Parent-child conflict

12,417

32,55,70,72

Less family involvement

1,080

31

1,080

31

Less parental control
GPA, grade point average.
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References

10,261

36,45

310

52

Low socioeconomic
status

49,113

27,30,61,77

Exposure to community
violence

3,176

17,18,31,76,78-80

Drug use in
neighborhood

4,626

55,64

Community
disorganization

3,818

55

5+ siblings

511

27

Neighborhoods where
young people were in
trouble

808

32

Rejecting parenting
Socioeconomic status

Social relations

Relationship with parents

N (total)

Living in single-parent
household

clearly. Personal risk factors include male gender and race
(Black, Hispanic or multi-racial), along with lower IQ
and younger age. Historical risk factors include childhood
aggressiveness in boys, childhood fighting, early antisocial
influences, hyperactivity and withdrawal in childhood, child
maltreatment, and higher maternal antisocial personality
disorder score. Younger age at first offense and prior violence
were described in a multitude of studies. These risk factors
fit with the adage that “the best predictor of future behavior
is past behavior,” in that those children who were aggressive
or in fights were at risk for future violent behavior. Moreover,
early influences are also apparent within this category;
specifically, maltreatment as a child or early antisocial
influences, especially by the mother, were risk factors.
Children learn from the actions of their early caretakers, even
if these are antisocial in nature. Additionally, children and
adolescents who were themselves maltreated are at risk for
perpetrating violence on others.
Limitations of the Literature
The flaws identified in this body of research can be
organized and addressed using the critique of violence
research on persons with mental illness offered by Monahan
and Steadman.10 They identified four problems: constricted
range of risk factors; weak criterion measures of violence;
narrow study sample; and data gathered at a single site.
Restricted range of risk factors
The first problem is that different studies focus on
different risk factors, with no study looking comprehensively
at the full range of risk factors. While studies may have
included several risk factors, unless they are all measured
simultaneously, it is unclear how they interact or whether
537
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Table 4. Clinical risk factors.
Risk factor

N (total)

References

Alcohol use

75,287

20,22,24,35,37,42,
47,49,63,66,81,82

Illicit drug use

121,891

56,63,69,83-85,19,
21,22,24,65,71,84, 86

11,694

20,37,86

Depression symptoms

4,491

30,35,37,68

Suicide attempt

16,410

49

Substance use

Cigarette smoking
Depression

PTSD

3

90

ADHD

10,209

16,27,32,36,60,64,
66

Psychosis-like experiences

18,104

24

Lack of self-control

1,100

15,87

Risk-taking behaviors

9,770

27,45,57,75

Previous unintentional
injury

337

37

Impulse control

Temperament and
personality traits
Antisocial traits or
favorable attitude
toward antisocial
behavior

7,989

19,51,56,57,68,71

Grandiosity

974

89

Justification of violence

974

89

Anger

5,312

20,69

Callous/unemotional
traits

3,019

36,56,69

Perceived
invulnerability to future
events

2,335

35

Belief that hurting
another’s property
while intoxicated is
acceptable

1,332

84

717

88

1,719

87

310

52

1,719

87

Cluster A and B
personality traits
Emotional distress
Poor emotion
regulation
Higher levels of
aggressive beliefs

Less likely to suppress
282
62
anger
PTSD, post-traumatic stress disorder; ADHD, attention deficit
hyperactivity disorder.

one fully accounts for the variance that would otherwise be
associated with the other. This limits the utility of the data for
Western Journal of Emergency Medicine
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clinicians, who may be uncertain how much weight to give
one or another variable in assessing violence risk.
Risk factors in studies of adolescents have focused on
past history and symptom rating scales, such as the Brief
Psychiatric Rating Scale. These variables are too narrow
and may miss many key risk factors. For instance, risk
factors should be studied in multiple domains, including
historical and contextual, along with those within a single
domain that may be theoretically related, such as impulsivity
and anger management. In this review, studies did look at
childhood traits such as hyperactivity, conduct problems, and
aggressiveness, which may be a good start. Further, various
symptoms have been studied, including depressive symptoms
and substance abuse. However, it would be more meaningful
to document changes in symptoms over time and explore
how specific symptom clusters within a broader diagnosis
may affect risk. Situational risk factors have been addressed,
such as poor academics, truancy, peer delinquency, access to
firearms, parental stress and low socioeconomic status, but not
consistently across studies.
Weak criterion for violence
The second problem is weak criterion measures
for violence. Typically, violence was defined in an
undifferentiated manner, ie, all violent outcomes were
treated the same. It may be helpful for researchers to define
subtypes of violence, as predictors for one type of violence
(eg, impulsive violence) may vary from another type (eg,
gang violence). However, studies in our review rarely divided
violent outcome by subtypes.
Narrow study samples
The third problem identified was narrow study
samples. A majority of the studies in this review focused on
populations of juvenile delinquents, schools in high-crime
areas with low socioeconomic status, mental health clinics,
and so-called at-risk youth. Broader samples of subjects
should be sought. For example, studies should include both
genders, those with and without a history of violence, and
multiple socioeconomic statuses. Crucial for further research
is the need to widen the inclusion criteria such that risk
factors can be understood more universally.
Data gathered from single site
The fourth problem found was data gathered at a single
site. When only one site is used, idiosyncratic aspects of the
sample available, treatments used, and approaches to rating
study variables can limit the generalizability of the data. Studies
with larger samples and, therefore, more stable findings usually
require research efforts to be coordinated across multiple sites.
A few of the studies in this review were national in scope, in the
United States and Finland, but the majority were limited to one or
a small number of sites. As the research currently stands, groups
have created their own lists of predictors and variables, which
538
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has led to disjointed findings in the literature. Ideally, groups of
researchers should combine efforts in a multidisciplinary and
multisite fashion to create common predictors and variables to
study risk factors in large number of adolescents.

MacArthur risk assessment study categories. The Structured
Assessment of Violence Risk in Youth is the most commonly
used violence risk-assessment instrument for adolescents
by forensic evaluators.91 Given this systematic review, we
recommend its use in the pediatric ED to assess adolescent
violence risk. Its rating form is organized into historical risk
factors, social/contextual risk factors, individual/clinical risk
factors, and protective factors.10 Overall, the SAVRY provides
a comprehensive means of assessing risk factors as the
literature now stands, and likely is best used in combination
with clinical interviews and other testing.

Limitations of the Review
We did not rate the potential bias in individual studies.
There were no randomized controlled trials identified in this
search. A majority of the studies were surveys or longitudinal
observational studies and, therefore, we did not include the
study grade in our tables. Furthermore, we included only
English-language papers, searching PubMed and PsycINFO,
which may have led to the exclusion of some studies.
Implications for Clinical Risk Assessment
Clinically, organizing risk factors by MacArthur risk
factor categories may be useful as a means to carry out a risk
assessment with an adolescent presenting to the ED with
violence risk. Risk assessment may include interviews with
the subject, caretaker, family member, and teacher, along
with reviewing mental health, school and police records.91
Given the large number of variables that have been associated
with violence and likelihood of significant overlap in the
variance for which they account, risk assessment tools may
be useful, as may tests of psychopathology, intelligence, and
psychopathy. In a study of forensic evaluators, the most used
of such tests were the Wechsler Intelligence Scales (75%), the
Minnesota Multiphasic Personality Inventory (66.2%), and
the SAVRY risk-assessment tool (35.1%). 91 Additionally, one
third of clinicians surveyed always or almost always used the
Psychopathy Checklist: Youth Version (PCL:YV).91 Each of
these tests provides further information for risk assessment
and includes a portion of the factors identified in this review.
The SAVRY is the violence risk-assessment instrument
for adolescents most commonly used by forensic evaluators.91
Its rating form is organized into historical risk factors, social/
contextual risk factors, individual/clinical risk factors, and
protective factors.12 Historical risk factors include history of
violence; early initiation of violence and exposure to violence
at home; childhood history of maltreatment; parental/caregiver
criminality; and poor school achievement. Social/contextual risk
factors include peer delinquency; peer rejection; stress and poor
coping; and poor parental management, among others. Individual/
clinical risk factors include risk taking/impulsivity; substance
use difficulties; anger management problems; attention deficit/
hyperactivity difficulties; and low interest/commitment to school,
among others. Protective factors include prosocial involvement;
strong social support; strong commitment to school; and positive
attitude toward intervention and authority.12
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Some experts have promoted the use of rapid testing for COVID-19. However, with the current
technologies available, continuing to replace laboratory-based, real-time reverse transcription
polymerase chain reaction tests with rapid (point-of-care) tests may lead to an increased number of
false negative tests. Moreover, the more rapid dissemination of false negative results that can occur
with the use of rapid tests for COVID-19 may lead to increased spread of the novel coronavirus
if patients do not understand the concept of false negative tests. One means of combatting this
would be to tell patients who have a “negative” rapid COVID-19 test that their test result was
“indeterminate.” [West J Emerg Med. 2021;22(3)543–546.]

Recent scholarly articles1 and popular media articles2
have pushed for increased availability of rapid (point-of-care)
testing for coronavirus disease 2019 (COVID-19). There
would indeed be many benefits to having an instantaneous
means of accurately determining who has COVID-19 and
who does not. However, with our current technologies and
our current approach to diagnostic testing, we believe that
increasing the use of rapid tests may be harmful as these tests
will speed the dissemination of false negative results.
The criterion standard test for COVID-19 is a (non-rapid)
laboratory-based, real-time reverse transcription polymerase
chain reaction (rRT-PCR) test,3 which is generally performed
as a nasal swab and takes at least 24 hours for results. The
sensitivity of these rRT-PCR tests are about 70% (60-78%),
but they have very high specificity.4 Thus, the issue with rRTPCR tests for COVID-19 is the substantial false negative rate,
which may be even higher if the test is performed by an oral
swab rather than a nasal swab.3 False positive tests are less
common but may occur from contamination of the specimen
or reagents.4 Additionally, some asymptomatic patients who
have a positive rRT-PCR test may be harboring remnants of
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), but may not be contagious.5 These patients (who are
neither symptomatic nor contagious) should be considered to
have a clinical false positive. No published data have reported
Volume 22, no. 3: May 2021

how often this happens, but for the purposes of the ensuing
calculations, we will assume the specificity of laboratorybased rRT-PCR swab tests is 99.5%.
With regard to rapid tests, there are two types: antigen and
molecular. Antigen tests detect a viral protein, and molecular
tests detect viral RNA. A recent systematic review estimated
that when using the rRT-PCR tests as the criterion standard,
the rapid antigen tests have a sensitivity of 56.2% (95%
confidence interval [CI], 29.5-79.8%) and a specificity of
99.5% (95% CI, 98.1-99.9%) while rapid molecular tests have
a sensitivity of 95.2% (95% CI, 86.7-98.3%) and specificity
98.9% (95% CI, 97.3-99.5%).6 Among the molecular tests
that were assessed, the Xpert Xpress assay (Cepheid Inc.,
Sunnyvale, CA) appears to have the highest sensitivity at
99.4% (95% CI, 98.0-99.8%), which is substantially higher
than the commonly used ID NOW (Abbott Laboratories,
Chicago, IL), which has a sensitivity of 76.8% (95% CI, 72.980.3%). However, the specificity of Xpert Xpress appears to
be a little lower than that of ID NOW at 96.8% (95% CI, 90.699.0%) as compared to 99.6% (95% CI, 98.4-99.9%).6
When interpreting these data, it is important to emphasize
that the criterion standard (rRT-PCR) used for these
calculations also has moderate sensitivity (around 70%)
and imperfect specificity (around 99.5%). Therefore, if the
sensitivity and specificity of a rapid antigen test are 56%
543

Western Journal of Emergency Medicine

Are Rapid COVID-19 Tests a Step Forward or Back?

Zitek et al.

and 99.5%, respectively, compared to rRT-PCR, we would
expect the overall sensitivity to be about 39% and the overall
specificity to be about 99%. Thus, if 1000 people had a rapid
antigen test, and 100 (10%) of them truly had COVID‐19, we
would expect the following:
-39 of the 100 patients with COVID-19 would be
identified with this test (with a true positive result);
-48 patients would test positive for COVID-19, but 9
(18.8%) of those would be false positive results;
- 952 patients would test negative for COVID-19, but 61
(6.4%) of those would be false negative results.
Thus, in the above scenario and detailed in Table 1, nearly
1 in 5 (18.8%) positive tests represents a false positive, and

Table 1. The hypothetical results of 1000 rapid antigen tests for
COVID-19 in a group with a 10% disease prevalence.
Diseased

Non-diseased

True Positives = 39

False Positives = 9

Total Positives = 48

False Negatives =
61

True Negatives =
891

Total Negatives =
952

even more concerning, the majority of patients (61%) with
COVID-19 (n= 100 by design in the example) would have
a negative test (61 false negatives + 39 true negatives = 100
infections). Consequently, we are concerned that without
substantial proviso, rapid antigen tests lack sufficient accuracy
to be used clinically. In particular, we are concerned about
the potential widespread use of the rapid antigen test made
by Abbott Laboratories. This test, which is reported to only
cost $5, recently gathered attention in the popular media
after receiving emergency use status from the US Food and
Drug Administration.7 While there are currently insufficient
data to precisely report this particular test’s sensitivity and
specificity, it is likely similar to the average for antigen
tests mentioned above. However, even if a rapid test that
has a sensitivity similar to that of rRT-PCR is used, we still
believe that replacing the laboratory-based rRT-PCR tests
with rapid tests could be harmful, as rapid tests will likely
increase the spread of SARS-CoV-2 in patients with false
negative results.
Until recently, the impact of false negative COVID-19
tests has likely been dampened both by governmentmandated closures and prolonged wait times for rRT-PCR
test results. With many businesses and schools closed, a
patient with a false negative COVID-19 test had less ability
to widely spread SARS-CoV-2. Additionally, days-long
delays in access to results have been frustrating to patients
and physicians. However, patients’ isolation behavior
is likely stricter during the waiting period for results
than following a negative result. Because the period of
Western Journal of Emergency Medicine

preventable transmission for SARS-CoV-2 (typically less
than 10 days following initiation of symptoms for mild
to moderate COVID-19) is coincident with most waiting
periods for results, it seems likely that the delay in results
has offered some measure of unrecognized protection. This
means that with the increasing use of rapid COVID-19 tests,
transmission of SARS-CoV-2 could actually increase. More
immediate results mean more immediate false “negatives”
and, likely, less concerted self-isolation behavior.
The idea that the wait time for the results of COVID-19
tests is protective is supported by one survey study that asked
respondents to describe their isolation behaviors during a
hypothetical outbreak involving a potentially fatal contagious
respiratory illness. Respondents who were uncertain of their
own transmissibility to vulnerable individuals reported they
would engage in social isolation behaviors at the same rate
that they reported for scenarios in which they knew they
would infect vulnerable individuals.8 Therefore, the wait
period for the results of an rRT-PCR test likely produces a
healthy uncertainty that is more associated with appropriate
isolation behavior than the behavior after a (potentially false)
negative test result.
We believe the main reason for this is that most patients
and some healthcare professionals do not understand the
concept of false negative tests. We fear that patients who have
false negative tests may immediately return to work or school
or get on a plane, even if symptomatic and even if counseled
to stay home until symptoms resolve. Worse, some healthcare
professionals may not fully understand how to incorporate the
sensitivity of a diagnostic test into their decision-making and
may not provide appropriate counsel to patients with negative
test results. Indeed, previous work has demonstrated that both
physicians and patients have trouble interpreting and applying
healthcare statistics.9
Even if all physicians knew how to appropriately
counsel patients with negative COVID-19 tests, the current
testing strategy for COVID-19 often bypasses physician
assessment of the patient, compounding the problem of
false negative tests. Medical tests have traditionally been
ordered and interpreted by physicians. However, tests for
COVID-19 can now be done at a drugstore, in a drive-thru
testing site, or at home without a healthcare professional’s
involvement. While increased access to testing is a good
thing, misinterpretation of test results is dangerous.
Many tests for COVID-19 are being done without any
consideration for the pretest probability, without which
we cannot properly assess the results. Most people who
get the test just assume that a positive test means they
have COVID-19, while a negative test means they do not.
With no healthcare professional to counsel the patient, the
patient will not know any better.
Now, reconsider the scenario above where 1000 rapid
antigen tests were performed on a population where 10%
actually had COVID-19. In an ideal world, all of the 61
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patients who had false negative results would remain in
quarantine despite their negative test results, and they would
not spread SARS-CoV-2 to anyone new. However, suppose
20% (12 patients) of those 61 patients with a false negative
test return to work, school, or social situations early because
they believe they do not have COVID-19. If six of these 12
patients spreads SARS-CoV-2 to just one new person that
would not have been exposed to the virus had the patient
remained in quarantine for 2-3 more days, then the transition
from rRT-PCR tests to rapid antigen tests accounts for six new
cases of COVID-19 in this group of 1000 tested patients. Over
hundreds of thousands or millions of rapid antigen tests, the
increased spread of SARS-CoV-2 through this mechanism
could be striking.
At this point, rapid testing for COVID-19 is already
widely used. The lack of accuracy of the tests seems to be
less important to some decisionmakers than the fact that
they give a result quickly. In a few special circumstances
where repeated tests for COVID-19 are performed on
asymptomatic individuals, such as testing done by the
National Football League, rapid testing may be preferred
to laboratory-based testing for logistical reasons. However,
in typical healthcare settings, rapid tests are not optimal
and must be used cautiously. Therefore, as a means to
reduce the spreading of SARS-CoV-2 from patients who
have had “negative” rapid COVID-19 tests, we recommend
two potential solutions. First, negative results of rapid
tests should be called “indeterminate.” This is in fact more
accurate than saying the test was negative (since possibly
over 50% of patients with COVID-19 will have a false
negative). For outpatients with possible COVID-19, this
would serve as a constant reminder that they should remain
in self-isolation until their symptoms resolve even if their
test is negative.
Second, in cases where patients are being admitted to the
hospital with a clinical presentation suggestive of COVID-19,
the patient should continue to be isolated even if they have
a negative rapid test. For these patients, additional testing
for COVID-19 should be considered, and for some of these
patients, a computed tomography (CT) of the chest should
be performed. Notably, some society guidelines recommend
against the use of CT of the chest for the diagnosis of
COVID-19, and the harms of CT with regard to radiation and
cost are important to consider.10, 11 However, the combination
of rRT-PCR and CT provides a very high sensitivity (about
97%) for COVID-194; thus, the selective use of this strategy
could reduce the potential harms of false negative tests
discussed above.
In summary, regardless of the type of test used for
virologic confirmation of SARS-CoV-2, there are a
substantial number of false negative tests. Rapid tests,
especially rapid antigen tests, likely have even higher
numbers of false negatives. Therefore, policies for
quarantine and isolation that rely solely on the results
Volume 22, no. 3: May 2021

of a rapid test are bound to result in misdiagnosis and
increased viral transmission. Informing patients that their
rapid COVID-19 test was negative could result in less
self-isolation and increased viral spread. If rapid tests are
used, we recommend that negative results instead be called
“indeterminate” to remind patients that a negative test does
not mean they do not have COVID-19.
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Introduction: The coronavirus 2019 pandemic caused a shortage of disposable N95 respirators,
prompting healthcare entities to extend the use of these masks beyond their intended single-use
manufacturer recommendation with a paucity of supporting research.
Methods: We performed a prospective cohort study of ED healthcare workers (HCW) (“subjects”)
required to use respirators at an academic, Level I trauma center. Subjects had been previously
fit tested and assigned an appropriately sized N95 mask per hospital protocol. Per study protocol,
subjects were fit tested periodically throughout their shifts and on multiple shifts over the eight-week
study period. Data points collected included the age of the mask, subjective assessment of mask
seal quality, and fit test results. We analyzed the data using Fisher’s exact test, and calculated odds
ratios (OR) to determine the failure rate of disposable N95 masks following reuse.
Results: A total of 130 HCWs underwent fit testing and 127 were included for analysis. Mask failure
rate climbed after day 2 of use, with 33.3% of masks failing at day 3, 42.9% at day 4, and 50% at ≥
day 5. Categorizing the masks into those being used for two or fewer days vs those in use for three
or more, failure was more common on day 3 of use or older compared to those in the first two days
of use (41.8% vs 8.3%, P < 0.0001) with an OR of failure with an older mask of 7.9 (confidence
interval [CI], 2.8-22.3). The healthcare workers’ assessment of poor seal was 33.3% sensitive (CI,
18.6-51.9) and 95.7% specific (CI, 88.8-98.6) for fit test failure.
Conclusion: Disposable N95 masks have significant failure rates following reuse in clinical practice.
Healthcare personnel also performed poorly in assessing the integrity of the seal of their disposable
respirators. [West J Emerg Med. 2021;22(3)547–551.]

INTRODUCTION
In 1970 the United States Congress created the
Occupational Safety and Health Administration (OSHA) to set
forth regulations for workplace safety, as well as the National
Institute for Occupational Safety and Health (NIOSH) to certify
protective equipment and develop recommendations on its

Volume 22, no. 3: May 2021

use.1 Initially used in industrial and manufacturing workplaces,
disposable respirator masks were introduced in the healthcare
setting to protect workers against airborne diseases. The
tuberculosis outbreak of 1991 acted as a catalyst to prompt
the US Centers for Disease Control and Prevention (CDC) to
release guidelines for their use in healthcare facilities.2
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Disposable respirator masks approved by NIOSH are
designed as single- or limited-use respirators that an individual
can mold to one’s face to ensure a proper seal and are intended
for a single patient encounter. The NIOSH-certified N95
filtering facepiece respirator (FFR) is the most common
disposable respirator used in the healthcare environment and
is designed to fit securely on the operator’s face with the mask
material meeting a minimum requirement of filtering 95% or
greater of a standard test aerosol.3
The coronavirus 2019 pandemic quickly caused
worldwide shortages in FFRs and other personal protective
equipment (PPE).4 Supply chains and manufacturing have
been hampered while demand has increased, and this
imbalance in supply and demand will likely continue for some
time. With critical shortages, it is neither economically nor
logistically feasible to use disposable FFRs solely in their
intended single-use capacity. Therefore, the CDC responded
by publishing guidelines for healthcare entities to implement
protocols for extended use of respirators (donning for multiple
patient encounters without doffing), as well as limited reuse
protocols (donning and doffing multiple times with the same
mask for an extended period of time) to extend the lifetime of
their supplies.5
Although this practice would stretch supplies for a
longer period of time, there is a concern that extending the
clinical use of disposable FFRs beyond their intended design
could result in the reduction of protective effectiveness. The
effectiveness of FFRs could be reduced by degradation of the
filter medium itself or by loss of tight seal to the face such
that not all inhaled air travels through the mask filter.6 Studies
supporting mask reuse and extended use have been largely
performed through simulated scenarios, with only one study to
date addressing concerns of mask performance reliability with
reuse and extended use.7-9
Objectives
Our objectives were twofold: to determine the failure
rate of disposable N95 FFRs reused over multiple days in
the emergency department (ED), and to evaluate whether
healthcare workers (HCW) were able to recognize the
functional performance of their masks.
MATERIALS AND METHODS
Study Design
This was an anonymous, cross-sectional, convenience study
of HCWs who were required to reuse disposable N95 FFRs
during clinical duties in the ED. The study was reviewed by
the institutional review board and found to be exempt.
Study Setting and Population
The study was conducted from April 1–June 15, 2020
at a community-based Level I trauma center with an annual
census of 55,000. Study subjects (hereafter referred to as
HCWs) were physicians (both residents and attendings),
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
The COVID-19 (coronavirus disease 2019)
pandemic caused a worldwide shortage of
disposable N95 respirators, prompting healthcare
workers to reuse these masks beyond their
intended single use.
What was the research question?
What is the failure rate of disposable N95 respirators
following reuse in the emergency department?
What was the major finding of the study?
N95 respirators have significant failure rates
following reuse, specifically after two days of use.
How does this improve population health?
Knowing that N95 respirators fail to provide
adequate protection following reuse, healthcare
systems can alter their masking policies to protect
healthcare workers.

nurses, medical technicians, and radiology technicians who
had already been fit tested by the study site and assigned an
appropriately sized N95 FFR as per OSHA mandate. During
the study period, HCWs at the study site were required to
wear N95 FFRs for the duration of their clinical shifts. We
excluded HCWs who had failed institutional fit testing and
were relegated to use a powered air-purifying respirator hood.
We also excluded HCWs for whom no mask was available at
the time of enrollment due to supply shortages, HCWs who
declined participation, and those who provided their own PPE.
Study Protocol and Measurements
The HCWs wore a variety of N95 FFRs supplied by the
hospital. These FFRs were either purchased by the hospital
or donated to the hospital by outside organizations and then
approved for clinical use after assessment by hospital resource
management. Mask types included 3M 1860, 3M 8210, 3M
Aura 1870 (3M Company, Saint Paul, MN), Kimberly-Clark
46727 (Kimberly-Clark Corporation, Irving, TX), Milwaukee
50-73-4010 (Milwaukee Electric Tool, Brookfield WI), and
Honeywell H801 (Honeywell International, Inc, Charlotte, NC).
Prior to testing, HCWs recorded their impressions of
the adequacy of their mask fit (adequate or inadequate) and
total number of shifts during which their masks were worn.
They subsequently underwent qualitative fit testing using
a standardized hood and 3M FT-32 bitter testing solution
(Bitrex). The HCWs performed standard maneuvers during fit
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testing, including breathing with their mouths open, rotating
their heads side to side, tilting their heads up and down, and
speaking. The fit test was performed by investigators who
completed standardized OSHA training in fit-test performance.
If the HCW tasted the bitter aerosolized solution during
testing, he or she was considered to have failed the test and his
or her mask was discarded and replaced with a new mask.
The results of fit testing were recorded on a standardized
data collection sheet. Specific HCW role and further
demographic data were not recorded. Some HCWs were tested
once, while others were enrolled more than once with each
new mask that they used. The number of times a HCW was
enrolled was not recorded. Because of the large and changing
variety of mask types approved by the hospital and used in
clinical practice due to limited supplies, specific mask type
was not recorded for subgroup analysis, as any particular mask
design was unlikely to be used frequently enough to draw
statically relevant conclusions.
Data Analysis and Handling
The HCW’s impression of adequacy of mask fit
and results of fit testing were recorded in a standardized
spreadsheet by a single investigator. We analyzed data using
descriptive statistics. Data for rate of mask failure as a
factor of number of shifts worn was analyzed using Fisher’s
exact test. We analyzed data regarding HCW accuracy in
prediction of mask failure using chi square, with sensitivity
and specificity analyses. All data was analyzed using MedCalc
statistical software (MedCalc Software, Ostend, Belgium) and
VassarStats.net, (a statistical computation website developed
by Richard Lowry at Vassar College, Poughkeepsie, NY).
RESULTS,
A total of 130 HCWs underwent fit testing for the
purposes of the study protocol. Two HCWs enrolled who
had not been previously fit tested by the institution, and one
HCW was wearing a mask that was not sized appropriately
because of lack of supply of the previously tested mask. These
three HCW were excluded from further analysis. Twenty-five
percent of HCWs were on their first day of mask usage (n =
32), 22% were on their second day of mask usage (n=28),
21% were on their third day of mask usage (n = 27), 11%
were on their fourth day of mask usage (n = 14), and 20%
were on their fifth day or greater of mask usage (n = 26). The
failure rate of masks was similar on the first and second day
of usage at 9.4% and 7.1%, respectively (P = 1). Mask failure
rate climbed after day 2 of use, with 33.3% of masks failing
at day 3, 42.9% at day 4, and 50% at ≥ day 5 (Figure 1). Mask
failure was more common in masks on day 3 of use or older
compared to those in the first two days of use (41.8% vs 8.3%,
P < 0.0001), with an odds ratio of failure of 7.9 (confidence
interval [CI], 2.8-22.3)(Figure 2).
Fifteen HCWs felt that the seals on their masks were
inadequate at the time of fit testing. Of these, 11 subsequently
Volume 22, no. 3: May 2021

Figure 1. Flow diagram of study subjects demonstrating mask
distribution based on day of use as well as “pass” and “fail” rates.

went on to fail their fit tests. Twenty-two HCWs who felt their
masks had adequate seals failed their fit tests. HCW assessment
of poor seal was 33.3% sensitive (95% CI, 18.6-51.9) and
95.7% specific (95% CI, 88.8-98.6) for fit test failure, with a
positive predictive value of 73.3% (95% CI, 44.8-91.1), and a
negative predictive value of 80.4% (95% CI, 71.6-87.0).
DISCUSSION
In this study of mask failure rates in HCWs in clinical
practice in an ED, mask failure rate climbed after day 2 of use
with 41.8% of masks failing on day 3 of use or older. These
results are consistent with the limited number of prior studies that
examined the effect of multiple donning and doffing in extended
use and reuse scenarios in simulated or laboratory scenarios.
Bergman et al evaluated multiple N95 models and their fit over
20 consecutive donning and doffing episodes in a laboratory
setting to simulate a single 10-hour shift of a HCW.7 Their
findings suggested that HCWs were able to don masks five times
with consistent passing, but beyond this number, there was a rise

Figure 2. Graphical analysis of mask failure rates as a function of
mask age, demonstrating a drop-off in mask pass rates beyond day 2.
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in failure rate.7 In spite of this, they noted that approximately 60%
of FFRs had an adequate fit at the 20th donning.7
Vuma et al evaluated fit factors of subjects undergoing
six consecutive donning and doffing episodes.8 They found
that 52% of subjects passed all six fit tests.8 However, half of
those who failed returned to passing the fit test at some point.8
Sixteen percent of the subjects in their study failed persistently
after the third fit test.8 In a more recent study, Degesys et al
evaluated mask failure rates among HCWs in an ED over the
course of three days.9 They found a failure rate of 38.2% with
fit test failures associated with increased number of shifts that
masks were worn, especially after day 2.9 We did not record
total numbers of donning and doffing actions, but we believe
it can be assumed that the number increases with the total
number of shifts in which they are worn.
It is important to note that both Bergman et al7 and Vuma
8
et al used quantitative fit testing during their studies, rather
than qualitative testing, as was used in our study. In a study
comparing Bitrex qualitative testing vs quantitative fit testing
as the gold standard, the sensitivity and specificity of the
Bitrex fit test was found to be 14% and 86%, respectively.10
This data indicates that the qualitative test is useful in
identifying mask failures, but may result in identified failures
at concentrations deemed acceptable by the quantitative
method. These results may contribute to the slightly higher
failure rates found both in our study and the study performed
by Degesys et al, as compared to the studies using the
quantitative method.9 Regardless of methods tested, studies
demonstrate increased mask failure rates after prolonged use
and re-use.
We did not assess whether our masks failed from loss
of facial seal vs failure of the filter medium itself. A study
performed by Grinshpun et al demonstrated that for N95
masks, the total particle penetration was between 2.5-5.5%
depending on particle size, of which the majority was due to
face seal leakage and <1% due to filter medium penetration.11
This suggests that our failures were likely due to seal failure
and not medium failure. The same study also assessed the
between-subject and within-subject variability in failure and
found that 70% of total variability was associated with subject
characteristics including facial size and shape and only 30%
occurred due to donning.11 This finding indicates that although
frequent donning and doffing may affect the mask seal quality,
a person’s facial characteristics also contribute to the ability to
adequately maintain an appropriate seal.11 We did not record
data regarding face size and shape for our HCWs, but this may
well have played a role in our mask failures.
The OSHA guidelines recommend a user-performed
seal test with every donning of a respirator, which implies
that this may be a reasonable screen for mask failures. Our
HCWs are all trained in user-performed seal tests. However,
our study suggests that HCWs have inadequate recognition of
when they have a mask failure. In our population, if we relied
only on self-assessment of seal, some masks would have
Western Journal of Emergency Medicine

been discarded that were still working appropriately, thereby
wasting masks. Conversely, we would have missed a number
of failures, potentially placing HCWs at risk.
Although exact infection rate in our department is
not known, we are aware of only two documented cases
of infection in ED HCWs over the testing period. This is
substantially lower than expected given our high mask
failure rates. We speculate that this may be secondary to
our universal masking policy of all patients. In addition, the
minimal infectious dose of COVID-19 remains unknown. It
may be possible that even ill-fitting N95 masks offer enough
protection to prevent infection. Secondly, the current estimates
of asymptomatic infections are in the range of 40-45% with
individual studies documenting asymptomatic cases between
6.3- 96%.12 As our facility does not currently have universal
testing policies in place for HCWs, it is plausible that we have
had more infections than reported. Additionally, it is possible
that “failed” masks intermittently had adequate fit, as one
study has shown that 50% of failed masks returned to fit later
on in the study on re-testing.7 Therefore, some failed masks
might have provided adequate seal prior to testing, and the
seal was only broken during provocative testing occurring
during testing, but not during clinical duties.
LIMITATIONS
Our study is limited by its anonymous design, which
precludes our ability to determine whether failures were
more common among different types of HCWs (for example,
nurses as compared to technicians). Additionally, because
of the variety of masks approved by and used through
hospital resource management, we did not record whether
a specific disposable mask was more likely to fail than
another. Anecdotally, there were failures in all groups, but the
numbers of each mask were too low to draw conclusions for
significance between the groups. We relied upon self-report
regarding age of mask. In our institution, HCWs place a hash
mark on the outside of the mask with a permanent marker
for each day the mask is in use, but it is possible the HCW
might have forgotten to mark the mask on a given day, thereby
underestimating the age of the mask.
We did not control for number of donning and doffing
episodes, which makes our results more difficult to compare
to other studies. However, we felt reports of the number of
donning and doffing episodes in clinical practice (as opposed
to in simulated scenarios) would likely be unreliable, and
that HCWs might inconsistently define donning and doffing
episodes. (For instance, we witnessed HCWs briefly pull
down a mask to drink or speak who stated they had worn
their masks continuously.) We also did not control for method
of decontamination of mask between shifts. Although our
institution provides UV decontamination for disposable masks,
it is possible that some HCWs chose not to avail themselves of
this service, and might have used other methods, such as simply
not using the mask for a few days. Likewise, we did not query
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HCWs as to the storage and care of their masks between uses.
Finally, our study was performed at a single institution, and may
not be generalizable to all settings.
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Introduction: In March 2020, shelter-in-place orders were enacted to attenuate the spread of
coronavirus 2019 (COVID-19). Emergency departments (EDs) experienced unexpected and
dramatic decreases in patient volume, raising concerns about exacerbating health disparities.
Methods: We queried our electronic health record to describe the overall change in visits to a
two-ED healthcare system in Northern California from March–June 2020 compared to 2019. We
compared weekly absolute numbers and proportional change in visits focusing on race/ethnicity,
insurance, household income, and acuity. We calculated the z-score to identify whether there was a
statistically significant difference in proportions between 2020 and 2019.
Results: Overall ED volume declined 28% during the study period. The nadir of volume was
52% of 2019 levels and occurred five weeks after a shelter-in-place order was enacted. Patient
demographics also shifted. By week 4 (April 5), the proportion of Hispanic patients decreased by 3.3
percentage points (pp) (P = 0.0053) compared to a 6.2 pp increase in White patients (P = 0.000005).
The proportion of patients with commercial insurance increased by 11.6 pp, while Medicaid visits
decreased by 9.5 pp (P < 0.00001) at the initiation of shelter-in-place orders. For patients from
neighborhoods <300% federal poverty levels (FPL), visits were –3.8 pp (P = 0.000046) of baseline
compared to +2.9 pp (P = 0.0044) for patients from ZIP codes at >400% FPL the week of the shelterin-place order. Overall, 2020 evidenced a consistently elevated proportion of high-acuity Emergency
Severity Index (ESI) level 1 patients compared to 2019. Increased acuity was also demonstrated
by an increase in the admission rate, with a 10.8 pp increase from 2019. Although there was an
increased proportion of high-acuity patients, the overall census was decreased.
Conclusion: Our results demonstrate changing ED utilization patterns circa the shelter-in-place
orders. Those from historically vulnerable populations such as Hispanics, those from lower
socioeconomic areas, and Medicaid users presented at disproportionately lower rates and numbers
than other groups. As the pandemic continues, hospitals should use operations data to monitor
utilization patterns by demographic, in addition to clinical indicators. Messaging about availability
of emergency care and other services should include vulnerable populations to avoid exacerbating
healthcare disparities. [West J Emerg Med. 2021;22(3)552–560.]

BACKGROUND
As the first cases of coronavrus 2019 (COVID-19)
spread in municipalities across the United States, hospitals
Western Journal of Emergency Medicine

and healthcare teams prepared to receive a predicted influx
of infected and acutely ill patients. Concurrently, state and
local governments disseminated shelter-in-place and personal
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hygiene recommendations hoping to mitigate rates of
transmission and attenuate surges in patient volume. Northern
California was one of the first areas in the US to identify
community cases of COVID-19.1 On March 16, 2020, the six
Bay Area public health officers announced a shelter-in-place
order. On March 19 California Governor Gavin Newsom
announced a statewide “stay at home” order. These orders
mandated that citizens should remain at home for all but
“essential duties” and minimize interpersonal contact. News
outlets and other media broadcast this information widely.
Our health system enacted measures in preparation for
a potential increase in patients and heightened resource
utilization to our two suburban emergency departments
(ED). Elective surgeries and procedures were cancelled
or postponed in an effort to reduce contact with infected
individuals and decrease consumption of resources such as
personal protective equipment (PPE). Telemedicine systems
were encouraged and enhanced systemwide. Messaging and
workflows were also developed to direct non-emergent visits
to other care sites. These measures, coupled with the shelterin-place order, led to a rapid change in ED census and a
notable decline in overall visits.
While a few localities were overwhelmed by high
numbers of severely ill patients, many EDs in the nation
experienced a sudden drop-off in patient volumes.2–4 As the
COVID-19 pandemic evolved, public health concerns shifted
to include worries that individuals with life-threatening
conditions were avoiding the ED, leading to delayed
presentations and negative outcomes.2,3 Others have found
that fear of contracting COVID-19 and obeying the shelterin-place orders were significant reasons that patients avoided
the ED, but a detailed demographic breakdown was not
performed.4 Further weeks into the pandemic, minorities,
particularly Black and Hispanic, were noted to have
disproportionately higher incidences of hospitalizations and
deaths due to COVID-19 vs other groups. 5,6
Historically, researchers have found that external forces
such as natural disasters, weather patterns, holidays, and
other major events can affect access to care and healthcare
utilization patterns.7–11 However, no acute societal event
in recent times has had the scope or duration of the
COVID-19 pandemic. Thus, there is little understanding of
how perceptions of ED access changed or of the resulting
utilization by different patient demographic populations.
While the initial shelter-in-place order had a deadline of
March 28, it was extended with modifications using a phased
approach.12 This extension has contributed to prolonged
alterations in ED patient volume and characteristics.
Even once official orders end, attempts to decrease social
contact will likely continue; the move to telemedicine may
be enduring and there will be subsequent fluctuations in
COVID-19 cases. Thus, the response to the pandemic will
likely have continuing and unpredictable effects on ED and
hospital volume, access, and utilization.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Directives to minimize transmission of
coronavirus disease 2019 (COVID-19)
caused drastic alterations in emergency
department (ED) visits.
What was the research question?
We sought to characterize the impact
of shelter-in-place orders on various
demographic groups in our two EDs.
What was the major finding of the study?
Early on, high-risk groups presented to our
EDs at a lower rate. Later, they presented in
higher numbers, with higher acuity.
How does this improve population health?
Future deployment of services and
messaging should be aimed at addressing
the gaps found in access to healthcare
services for high-risk populations.

Our objective was to understand ED volume and
utilization by patient socioeconomic characteristics during
these dynamic times. We hypothesized that vulnerable
populations would have decreased and altered utilization of
the ED compared to the prior year.
METHODS
We analyzed the electronic health record (EHR) data from
the two EDs within our health system.
Study Sites and Population:
Our hospital system is located in the San Francisco Bay
Area and is a national and statewide tertiary referral hospital.
The combined county populations (Alameda, Santa Clara,
San Mateo) are approximately 4.2 million, with an average
household income ranging from $90,000-$115,000. The
population is approximately 30-45% White (not Hispanic),
22-25% Hispanic, 30-40% Asian, and 2-11% Black.13 Our
hospital system consists of two hospitals and three ambulatory
care settings. The first hospital is a large, suburban, quaternary
referral center with approximately 80,000 ED visits a year
located in Palo Alto, California. The second hospital is a
suburban community hospital with approximately 37,000
ED visits a year, located in Pleasanton, California. In 2019
our combined hospitals’ ED population was 22% 0-17 years;
33% 18-44; and 22% 45-65 and >65 years; 39% White, 29%
Hispanic, 16% Asian, and 7% Black (Table 1).
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Table 1. 2019 baseline demographics.
N

%

Female

20,045

52%

Male

18,503

48%

0 – 17

8,481

22%

18 – 44

12,459

32%

45 – 64

8,538

22%

65+

8,813

23%

Gender

Age group

Race/ethnicity
Black

2,533

7%

Other

4,265

11%

Asian or PI

6,307

16%

Hispanic

10,253

27%

White

14,933

39%

Commercial

15,180

40%

Medicare

9,139

24%

Medicaid

12,256

32%

8,044

21%

300-400% FPL

5,229

14%

>400% FPL

18,510

48%

Data not available

6,508

17%

Levels 1 & 2: resus/
emergent

6,390

17%

Level 3: urgent

22,703

59%

Levels 4 & 5: semi/
non-urgent

8,660

23%

538

1%

Admitted

17,618

27%

Discharged

46,044

70%

993

2%

Insurance mix

Household income
<300% FPL

ESI acuity level

Not recorded
Disposition

Transfer

AMA
1,249
2%
PI, Pacific Islander; FPL, federal poverty level; AMA, against
medical advice.

We analyzed all ED visits starting March 1, 2020,
when changes to census numbers were first noted (two
weeks before imposition of the shelter-in-place orders) and
continued through June 30, 2020. We compared this time
period to the identical period in 2019. A five-year review
of hospital census data revealed no significant changes
in demographics, affirming that 2019 represented an
appropriate sample for comparison. Weeks were counted as
Western Journal of Emergency Medicine

the seven days from Sunday to Saturday. The week of March
15 was identified as Week 1, which was when our local
shelter-in-place order was enacted.
Key Timepoints Identified
Healthcare system stops elective procedures: March 13, 2020
Bay Area shelter-in-place order: March 16, 2020
California stay-at-home order: March 19, 2020
Healthcare system resumes elective procedures: May 4, 2020
Demographic Characteristics
We grouped age into standard categories of < 18, 18-44, 4564, and > 65 years. Gender was categorized as male and female.
Insurance was grouped as commercial (private and worker’s
compensation), Medicaid, Medicare, and self-pay. Reported
race and ethnicity was grouped as Hispanic, Non-HispanicWhite, Black, Asian and Pacific Islander, and Other (including
missing <1% and no answer). We were unable to use language
as a variable due to lack of availability of reporting.
Census tract was determined from patient street address
and then matched to median household income from the US
Census American Community Survey 2018 five-year estimates.14
We grouped median household income by comparison to 2018
federal poverty level (FPL) for a family of four ($25,100).15 We
used standard categories of <300% FPL, 300-400% FPL, and
>400% FPL. For patients missing census tract information, ZIP
codes were matched to median household income from 20062010 found at Tract2Zip (https://www.psc.isr.umich.edu/dis/
census/Features/tract2zip/ ). Groupings were made using the
2010 FPLs for a family of four ($22,050). Thus, we were unable
to assign an income level to only 3.5% of addresses.
Clinical Characteristics
Acuity was represented by Emergency Severity Index
(ESI) triage level. High-acuity trauma and ESI levels of 1 and
2 were categorized as “Resuscitation/Emergent”; low-acuity
trauma and ESI level 3 were categorized as “Urgent.” We
characterized ESI triage levels 4 and 5 “Semi-/Non-Urgent.”
ED disposition was categorized as admission, discharge,
transfer, expired, and against medical advice (AMA).
Transferred, expired, and AMA categories occurred at least a
level of magnitude less than admission and discharge and are
not shown separately in our figures.
Primary International Classification of Diseases, Revision
10 (ICD-10) diagnosis code was grouped using Healthcare
Cost and Utilization Project (HCUP) Clinical Classification
Software (CCS),16 which resulted in 17 groups. These
groupings were chosen to represent higher acuity diagnoses,
which, if analyzed separately, would not have been large
enough to show statistical significance. We identified the top
five most populous code groups (circulatory, infection, injury,
neurological, and respiratory), with the remaining groups
aggregated as “Other.” Because each patient had only one
primary diagnosis, the CCS categories are mutually exclusive.
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Calculations
We aggregated data by week for both study years.
Frequency and proportions of each study variable were
calculated by week. We also calculated by week the difference
in proportions of patients with a given characteristic between
2020 and 2019. Frequency and percentage point (pp) change
in proportions were compared on a timeline to evaluate trends.
The z-score was calculated for a difference in proportions
between 2019 and 2020 to identify whether the difference in
rates was due to chance alone. We set the a priori significance
level at P = .05. We used SAS statistical software v9.4
(SAS Institute, Inc., Cary, NC) for the data calculations;
and we used interactive data visualization software (Tableau
Software, LLC, Seattle, WA) for the data visualizations.
Our institutional review board (IRB) determined this to be a
quality improvement project and thus IRB exempt.
RESULTS
Emergency department volume decreased approximately
28% compared to the 2019 control period (27,706 visits vs
38,291 visits). A notable decrease in volume began the week
prior to the Bay Area shelter-in-place order (March 8, 2020).
This continued to its nadir (Week 5, April 12, 2020) and
volume decreased 52% compared to 2019 (1,151 visits vs 2,233
visits) (Figure 1). Pediatric patients (0-17 years) experienced

Figure 2. Change in proportion of patients by age (years) for
weekly emergency department visits in 2020 compared to 2019
(March 1-June 30, 2020).
ED, emergency department.

Figure 1. Overall weekly changes in emergency department
volume in 2020 compared to 2019 (March 1-June 30 2020).
ED, emergency department.

a proportionally large decline, with a 50% decrease during
the study period vs the control period in 2019 (3,351 visits vs
6,700 visits [data not shown]). Visits among pediatric patients
at Week 2 (March 22) were -11.0 pp compared to those from
2019 (Figure 1, P = < .00001). Visits among those 18-44, 4564, and >65 years were +10.1 pp (P < .00001), +5.0 pp (P <
.00001) and -4.0 pp (P = .00014) respectively at Week 2 (March
22) compared to those from 2019 (P < .05 for all changes).
By Week 15 (June 21), weekly volumes for most age groups
had returned to nearly 2019 levels, although children <17
years had a -3.2 pp change from baseline (P = 0.00023). The
Volume 22, no. 3: May 2021

volumes by gender fluctuated weekly, with no consistent trend
toward significance during the study period (P values were not
consistently < .05). Figure 2 displays our findings of changes in
proportion by age.

Hispanic patient visits were proportionally decreased
compared to 2019, while visits by White patients were
increased (Figure 3). By Week 4 (April 5), Hispanic patient
visits overall decreased 3.3 pp (P =.0054) compared to a
6.2 pp (P < .00001) increase by White patients. Hispanic
visits experienced a nadir of -6.1 pp (P < .00001) in Week 6
(April 19). Asian and Pacific Islander and Black patients had
fluctuating changes in proportion, which did not consistently
trend to significance (P values were not consistently < .05).
All payor categories trended toward statistically significant
changes. The proportion of patients with commercial insurance
started increasing the week before shelter-in-place, peaking at
+11.6 pp at Week 1 of shelter-in-place (Figure 4, P < .00001),
but returning to baseline proportions (P > .05) for most of the
remaining weeks. The majority of this increase was offset by
a decrease in Medicaid patients by -9.5 pp at Week 1 (P <
.00001). This trended upward in subsequent weeks to reach
equivalent proportions to 2019 at Week 14. Throughout the
study period, the proportional decrease in Medicaid visits
remained statistically significant. Medicare visits nadired the
week before the shelter-in-place order at -4.1 pp (P < .00001)
and gradually increased to +5.4 pp (P < .00001) change from
2019 visits in Week 4 (April 5). The fluctuations in Medicare
visit proportion were statistically significant for the majority of
weeks examined.
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Figure 3. Change in proportion of patients by race/ethnicity for
weekly emergency department visits in 2020 compared to 2019
(March 1-June 30, 2020).
ED, emergency department.
Figure 5. Change in proportion of patients by federal poverty level
categories for weekly ED visits in 2020 compared to 2019.
Federal poverty level = $25,100 (March 1-June 30, 2020).
ED, emergency department.

Figure 4. Change in proportion of patients by insurance status for
weekly emergency department visits in 2020 compared to 2019
(March 1-June 30, 2020).
ED, emergency department.

The proportion of patient visits from addresses <300% FPL
nadired at –3.8 pp (P = .000046) at week one of shelter in place
(Figure 5); changes in proportion were statistically significant
for 11 of the 15 weeks (P < .05) examined. In comparison,
patient visits from census tracts at >400% FPL were at 2.9 pp
(P =.0044) above baseline at Week 1 of shelter in place and
generally stayed well above baseline for the remainder of the
study period. However, these proportions were statistically
significant for only eight of the weeks examined.
Western Journal of Emergency Medicine

We also analyzed visit acuity via the Emergency Severity
Index (ESI) and admission rate (Figure 6). At the start of
the study period, we observed an increase in lower acuity
visits with a +10 pp peak in ESI level 4 and 5 patients at
Week 1 of shelter in place (P < .00001). This was driven by
a preponderance of COVID-19 testing requests as captured
by “chief complaint” (data not shown – ICD-10 codes not
existent). There was a consistently higher proportion of ESI
level 1 patients throughout the study period vs the control
period that was statistically significant for 13 of the 14 post
shelter-in-place weeks examined (P = .0015 to P < .00001).
During Week 10 (May 17), the proportion of ESI level 1 and 2
patients peaked at 8.7 pp vs 2019. However, due to the overall
decrease in ED volume, the absolute number of ESI level 1
and 2 patients was 50% of 2019 levels at Week 5 after shelter
in place and, overall, 79% 2019 levels.
Overall, the rate of admissions increased in 2020 (29.0%
vs 24.7%) (Figure 6). Admission percent change peaked
during Week 3, with a 10.7 pp increase compared to 2019; this
attenuated at weeks 11-15 to approximately 4.5 pp. Admission
percentage elevation above 2019 levels was statistically
significant for all but one of the 14 post-shelter-in-place weeks
examined (P = .000036 to P < .00001).
Additionally, we analyzed discharge diagnosis based
on HCUP groupings. The circulatory diagnosis group
proportion fluctuated throughout, with a slight trend toward
an increase that reached statistical significance for 10 of the
15 weeks examined. Respiratory complaints rose sharply
through Week 5 (April 12) ( P = .0058 to P < .00001) and
then declined. The drop in neurologic complaints reached
556
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Figure 6. Change in proportion of patients by acuity as measured
by Emergency Severity Index (ESI) level for weekly emergency
department (ED) visits and percent change by admissions for
weekly ED visits in 2020 (top) compared to 2019 (bottom) (March
1-June 30 2020).
ED, emergency department.

statistical significance for all but two of the 15 weeks
examined (P < .05), with a maximal drop of -4.6 pp (P <
.00001) in Week 1 (March 15). Absolute numbers were
decreased overall for all conditions when compared to 2019
levels (data available upon request).
DISCUSSION
Our results uniquely demonstrate unreported disparities
in ED utilization by historically vulnerable demographic
populations due to COVID-19 and the shelter-in-place order.
We found significantly reduced ED utilization patterns by
race, ethnicity, payor-status, and household poverty groups
during the study period. Similar to others, we also demonstrate
changes in the absolute number of ED patients, as well as
in the percent change in volume during the different phases
Volume 22, no. 3: May 2021

of the pandemic response.2 Visit volumes fluctuated, first
decreasing and then gradually increasing to almost baseline
levels at the end of our study period. Percent change in patient
acuity, measured by ESI and admissions, increased from 2020
compared to 2019; however, the absolute number of visits was
still decreased.
Telemedicine services rose to prominence and may have
played a role in the changes we and others have observed. In
response to social distancing and shelter-in-place orders, our
health delivery system underwent a drastic shift to telehealth
visits for primary and specialty care services. The rapid
development of protocols and infrastructure created new
opportunity for patients to seek care via telehealth services.
Historically, however, intervention-generated inequalities that
further exacerbate disparities have been shown to arise from
technologically related advances.33 Furthermore, a study of
healthcare utilization in New York City at the early peak of
the pandemic demonstrated that Black and Hispanic patients
continued to use the ED and in-person office visits rather than
telehealth.34 Similarly, many patients who seek emergency
care in our healthcare system do not have access to outpatient
care services due to insurance networks. The absolute decrease
in ED utilization raises concern that while some patients
were able to turn to telehealth or other avenues for alternate
care, others may have been unable to. These questions beg
additional study.
Our patient population consists of a large proportion of
Hispanic patients. It has been reported that minority groups,
specifically Hispanics and Blacks, have disproportionately
higher morbidity and mortality rates due to COVID-19.6
These groups historically experience decreased access
to healthcare overall, even prior to the impact of
COVID-19.21–23 We demonstrate that initially Hispanics
did not present to the ED for care at the same rate as White
populations. We conjecture that this could have been due
to a range of factors, including language barriers, lack
of insurance, and misinformation about disease course.
Additionally, some have noted that anti-immigrant policies
and heightened immigration enforcement practice have
caused increased immigrant fear of seeking healthcare.24
This delayed presentation may be an additional factor
influencing poorer outcomes, including deaths at home due
to COVID-19 or for other medical reasons.18–20
It is important to note that while our catchment area
has a significant proportion of Asians (approximately
35%),13 the Asian population using our EDs was only 16%.
Additionally, our analyses show no statistically significant
change in proportion of visits compared to 2019. Reasons
for this lack of change may be due to cultural differences for
seeking healthcare and/or the heterogeneous composition
of the Asian ethnic grouping. We show minimal change in
utilization for Black populations; however, our population
size for this group was not sufficient to demonstrate
disparities documented elsewhere.
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Insurance type also influenced visit rates, with Medicaid
patients initially presenting at a lower frequency than those
who were commercially insured. While it is difficult to
obtain data given that ICD-10 coding for COVID-19 was not
uniform in the early stages of the pandemic, we postulate that
use of the ED by patients with commercial insurance early
in the pandemic could have been for COVID-19 testing as
it corresponded to an increase in visits of lower severity and
chief complaint. Later during the pandemic, decreased ED
use by this same population may have been due to the fact
that medical practices that cater to commercial insurance
holders were able to adapt more rapidly and deploy solutions,
such as telehealth visits, which deflected their patients from
the ED. Conversely, we show that those patients using
Medicaid presented to the ED less in the early weeks of
the pandemic, but later presented more than patients with
commercial insurance. This pattern of use raises concern for
the underlying drivers to delays in seeking care. Patients who
use these public programs have been ranked among the most
vulnerable members of the US population,25 and in California
60% of Medicaid enrollees are Hispanic 26,27 highlighting
the multiple risk categories many patients straddle. With this
concern in mind, efforts to target this population with accurate
information and services, in the appropriate language, within
their communities should be considered.
Household income level by census tract level also
impacted ED visits. It is important to note that our catchment
area includes wide disparities in economic status and that
the cost-of-living renders FPL incomes untenable to survival
here ($25,100 in 2018). Those from ZIP codes with incomes
at >400% FPL had increased utilization of the ED, while
those in ZIP codes with incomes <300% FPL had decreased
utilization. Concerns over the cost of care, occupational
demands, childcare needs, and lack of transportation are
only some of the challenges that may have interdicted ED
presentation at lower income levels. While insurance type,
ethnicity/race, and economic status are likely intertwined, we
were unable to make more than an observational relationship
in our analyses.
Similar to multiple sites nationwide, we experienced a
decline in absolute number of ED visits,2,17 evidencing the
intended effect of the shelter-in-place order. However, this
initial decrease unexpectedly included more acute diagnoses
such as myocardial infarction and stroke.2 We also noted a
decrease in absolute numbers of patients with high-acuity
triage categories (ESI 1) and admissions. The prevalence
of these emergent conditions should not be affected by
COVID-19 or shelter-in-place orders and delays in their
presentation could lead to higher morbidity and mortality as
the conditions advance at home. This phenomenon may have
occurred because warnings regarding COVID-19 exposure
in the ED could have frightened some populations into not
heeding serious signs and symptoms.4,18–20 Due to sample
size, we were unable to delve more deeply into the effects
Western Journal of Emergency Medicine

of insurance status or race/ethnicity on ESI levels. Further
analysis is necessary to understand whether excess deaths
that have occurred during the pandemic are due to COVID-19
vs other causes and also to understand which populations
experienced these deaths.
While this is a study of one healthcare system with two
distinct EDs, we suggest that generalized and standard EHR
data assessment should include socioeconomic demographics
and should be performed in a timely and regular fashion to
ensure equitable utilization of services. Regional hospitals
should pool data in order to give statistical power to
understand and answer questions we were unable to answer,
such as disparities in ED presentations of specific emergent
conditions. For example, psychiatric diagnoses, domestic
violence, and non-accidental trauma have been postulated to
be at risk of increasing within certain populations during this
current pandemic.29–32
LIMITATIONS
These results are limited to one hospital system with
two distinct hospital EDs, which may reduce generalizability
to other EDs. However, for expediency we used our
institutional EHR to obtain real-time data regarding
utilization during the pandemic; more representative,
curated regional state or national data is more difficult and
less timely to obtain, needing the cooperation of segregated
systems. Additionally, the California Bay Area is unique in
its racial/ethnic population mix2,17 and differs from other
states. The cost of living in our catchment area is higher
than indicated by the FPL standards. Despite this, many of
our clinical data analyses are qualitatively similar to those
reported elsewhere.2,3,6,17
CONCLUSION
Our study demonstrates the disparate impact that
a global pandemic and shelter-in-place order has on
ED utilization by various demographic groups. As the
pandemic continues, disease surges as well as policy
changes will further alter these patterns. Using electronic
health record data, we can rapidly evaluate the systems
in which we operate. Where before a chart review of
demographic information would take analysts months to
perform, we now have near real-time access. Healthcare
systems can cross-reference admissions and operations data
with demographic data to appreciate whether emergency
care is being accessed and used equitably. With this
information, we can target vulnerable populations using
appropriate language and cultural awareness to reduce
barriers to care in the ED and other medical resources.2,3,28
This should include assurances that access to newer care
modalities, such as telemedicine, are made available for all
patient populations. Moving forward, this will be crucial
to prevent widening disparities during the COVID-19
pandemic and general health outcomes in the future.
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Introduction: During the coronavirus disease 2019 (COVID-19) pandemic, a reduction in
emergency department (ED) visits was seen nationally according to the US Centers for Disease
Control and Prevention. However, no data currently exists for the impact of ED transfers to a higher
level of care during this same time period. The primary objective of the study was to determine
whether the COVID-19 pandemic affected the rate of non-COVID-19 transfers from a rural
community ED.
Methods: We completed a retrospective chart review of all ED patients who presented to Kingman
Regional Medical Center in Kingman, Arizona, from March 1–June 31, 2019 and March 1–June
31, 2020. To ensure changes were not due to seasonal trends, we examined transfer rates from
the same four-month period in 2019 and 2020. Patients were included in the study if they were
transferred to an outside facility for a higher level of care not related to COVID-19.
Results: Between the time periods studied there was a 25.33% (P = 0.001) reduction in total ED
volume and a 21.44% (P = 0.009) reduction in ED transfers to a higher level of care. No statistical
difference was noted in ED transfer volume following adjustment for decreased ED volumes.
Transfers for gastroenterology (45%; P = 0.021), neurosurgery (29.2%; P = 0.029), neurology
(76.3%; P < 0.001), trauma (37.5%; P = 0.039), urology (41.8%; P = 0.012), and surgery (56.3%; P =
0.028) all experienced a decrease in transfer rates during the time period studied. When gender was
considered, males exhibited an increased rate of transfers to psychiatric facilities (P = 0.018).
Conclusion: Significant reductions in both ED volume and transfers have coincided with the
emergence of the COVID-19 pandemic. Further research is needed to determine how the current
pandemic has affected patient care. [West J Emerg Med. 2021;22(3)561–564.]

INTRODUCTION
Emergency physicians determine a patient’s disposition
following an initial workup that may include laboratory tests,
imaging, and consultation. Once a patient’s disposition has
been decided it is crucial to determine whether the patient
can be cared for at the current facility or requires transfer to a
higher level of care. The need to transfer a patient to a higher
level of care is dependent upon numerous factors including

Volume 22, no. 3: May 2021

availability of specialists, hospital policies, and specialized
treatment algorithms.
As cases of the novel coronavirus disease 2019
(COVID-19) increased across the globe, a sharp decrease in
emergency department (ED) volumes was noted for various
chief complaints while an increase was seen in out-of-hospital
cardiac arrests.1-5 As cases of COVID-19 began to climb in the
United States, a 42% reduction in ED volume was reported
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by the National Syndromic Surveillance Program between
March 29–April 25, 2020.6 The steepest decrease was noted
in females, pediatric patients, and those who lived in the
Northeast.6 However, data is lacking for those patients who
were transferred to a higher level of care after ED evaluation
during the current pandemic. In this study we sought to
determine whether the rates of non-COVID-19 transfers from
a rural ED varied alongside the 2020 COVID-19 pandemic.

Population Health Research Capsule
What do we already know about this issue?
During the COVID-19 pandemic, emergency
departments (ED) throughout the US saw a
sharp reduction in patient volumes; however,
the impact on ED transfer rates is unknown.
What was the research question?
What affect did the COVID-19 pandemic have
on the rate of non-COVID-19 transfers from a
rural community ED?

METHODS
Setting
Kingman Regional Medical Center is located in Mohave
County in northern Arizona. Average ED volume ranges between
45,000-60,000 patients annually. The ED houses an Accreditation
Council for Graduate Medical Education-accredited emergency
medicine residency program that has 18 total trainees.

What was the major finding of the study?
Significant reductions in both ED volume and
transfers have coincided with the emergence of
the COVID-19 pandemic.

Study Design
Following institutional review board approval, we
completed a retrospective chart review of all ED patients who
were transferred to a higher level of care from March 1–June
31, 2019, and March 1–June 31, 2020. To ensure changes were
not due to seasonal trends, we examined transfer rates from
the same four-month period in 2019 and 2020. Patients were
included in the study if they were transferred to an outside
facility for a higher level of care not related to COVID-19.
Data were manually abstracted from electronic health records
with the use of a quality-controlled protocol and structured
abstraction tool that relied on a priori variable selection,
systematic abstractor monitoring, and independent verification.7

How does this improve population health?
Evaluating the impact of a pandemic on
transfer volumes will aid emergency physicians
to determine best practices for patient care
following initial stabilization.

A.

Statistical Analysis
We conducted all analyses with SPSS Statistics 27 software
(IBM Corporation, Armonk, NY). We compared ED and transfer
volumes from March–June 2019 with ED and transfer volumes
from March–June 2020 with a series of two (year) by two
(gender) univariate analysis of variance. Significant interactions
and main effects were followed by independent-samples t-tests.
RESULTS
From March–June 2019 a total of 16,735 patients
presented to the ED and there were 691 transfers to a higher
level of care. From March–June 2020 there were 13,147
ED patients and 516 transfers. There was an overall 25.33%
reduction in average monthly ED patients (P = 0.001) and a
21.44% reduction in average monthly ED transfers in 2020
compared to 2019 (P = 0.009). However, the average number
of patients transferred each month adjusted for ED volume did
not vary from 2019 to 2020 (P = 0.595).
When assessed by specialty, there was a reduction in
transfers to gastroenterology (45%; P = 0.021), neurosurgery
(29.2%; P = 0.029), neurology (76.3%; P<0.001), trauma
(37.5%; P = 0.039), urology (41.8%; P = 0.012), and
surgery (56.3%; P = 0.028) during the time studied (Figure).
Western Journal of Emergency Medicine

Figure. Total monthly transfers to a higher level of care (A). Transfers
to individual departments where 2019 and 2020 differ in volume are
represented in B-G.
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A significant interaction between year and gender for the
average number of monthly transfers to psychiatry (P = 0.035)
and surgery (P = 0.028) was also detected (Table). Males
exhibited an increased rate of transfers to psychiatric facilities
from 2019 to 2020 (P = 0.018) and females did not (P =
0.730). Males also exhibited a decreased rate of transfers for
specialized surgical care (P = 0.017) and females did not (P =
1.00) during the time period studied.
DISCUSSION
Compared to the same four-month period in 2019, we
observed significantly fewer patient visits to a community
ED during the peak of the COVID-19 pandemic in Mohave
County. This finding aligns with the reduction observed
across the US and reported on previously.6,8-9 Additionally,
a proportional reduction in specialty-wide transfers to a
higher level facility was also seen, indicating that a larger
than usual number of individuals in the community setting
chose to forgo emergency medical care and definitive
specialist treatment. This has been reported in the previous
literature where patients with acute cerebral vascular
accidents and acute coronary syndrome experienced a
decrease in hospital admissions or delayed presentation due
to fear of contracting COVID-19.10
Although the observed reduction specialty-wide aligned
with ED volume, transfers for individual specialty varied

considerably in frequency from the 2019 comparison.
Transfers to gastroenterology, neurosurgery, neurology,
trauma, and urology, matched in volume to the total
number of ED patients. Alongside this, transfer rates for
vascular, ear nose and throat/oral and maxillofacial surgery,
pediatrics, burn, and orthopedics remained low, indicating
that irrespective of the emergent disease process the risk of
contracting COVID-19 was deemed too high to seek medical
care by the patient.
No yearly change in the number of psychiatric transfers
was seen, but an increase in the number of men transitioned
to a higher level of psychiatric care was noted. Alongside
the emergence of the COVID-19 pandemic, an increased
prevalence of anxiety, depression, and stress in the US has
been reported.11,12 Although this increase worldwide has been
reported to be greater among women, men frequently have
more robust resilience mechanisms to resist abrupt changes
in mental health.10-14 As we saw an increase in men requiring
transfers due to psychiatric concern, it is postulated that the
social climate around the COVID-19 pandemic may uniquely
act to diminish resiliency mechanisms in men due to increased
stressors and social isolation.
LIMITATIONS
Retrospective data was collected from a single
health network’s ED in northern Arizona and may not be

Table. Average monthly transfers before and during the COVID-19 pandemic. Data shows the average monthly transfer counts + one
standard deviation.
2019 (03/01-06/31)
2020 (03/01-06/31)
Females
transfered 2019
84.8 + 6.9

Males
transfered 2019
88.3 + 10.1

Females
transfered 2020
58.5 + 4.5

Males
transfered 2020
70.8 + 2.8

Burn

0.8 + 1.0

1.3 + 1.3

1.0 + 1.2

1.5 + 1.0

GI†

8.8 + 4.1

6.3 + 1.3

3.8 + 2.1

4.5 + 1.7

Psychiatry*

23.5 + 2.6

21.8 + 3.1

22.8 + 3.2

27.5 + 1.7

Neurosurgery†

13.5 + 5.3

14.8 + 1.7

8.3 + 2.9

11.8 + 2.2

Neurology

4.8 + 1.9

4.8 + 2.1

1.0 + 1.2

1.3 + 0.5

Ophthalmology

1.5 + 0.6

1.5 + 1.3

1.3 + 1.3

0.3 + 0.5

Orthopedics

1.0 + 1.4

1.8 + 1.0

1.0 + 1.4

1.0 + 0.8

Trauma

†

3.5 + 1.7

4.5 + 1.7

1.8 + 1.0

2.8 + 1.5

Urology†

8.8 + 3.1

8.0 + 2.8

4.8 + 1.5

5.0 + 1.6

Vascular

4.3 + 1.7

5.3 + 1.3

2.5 + 1.7

3.3 + 2.2

ENT/OMFS

3.0 + 1.2

2.0 + 0.8

1.3 + 0.5

2.3 + 2.5

Surgery (non-trauma)*†

3.0 + 2.2

5.0 + 2.7

3.0 + 0.8

0.5 + 0.6

Pediatrics

4.0 + 2.8

6.8 + 2.2

2.5 + 1.9

5.3 + 1.0

Other

4.5 + 1.3

4.8 + 2.4

3.8 + 3.1

4.0 + 2.3

Transfers (Monthly Average)†‡

†

Total Transfers, both genders combined
692
517
†
‡
indicates a significant (P<0.05) main effect of year. indicates a significant (P < 0.05) main effect of gender. * indicates a significant (P
< 0.05) interaction between year and gender.
GI, gastroenterology; ENT, ear, nose and throat; OMFS, oral and maxillofacial surgery.
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generalizable to all community hospitals across the nation.
Although attempts were made to minimize confounding
variables by examining a similar time period from the
previous year, the rate of ED transfers could have been
impacted by specialist coverage and any changes in
institutional policies during the time studied. Transfer rates
may have also been affected by receiving-facility protocols
during the early stages of the pandemic and patient willingness
to be transferred to an outside facility.

3. Lazzerini M, Barbi E, Apicella A, et al. Delayed access or provision of
care in Italy resulting from fear of COVID-19. Lancet Child Adolesc
Health. 2020;4(5):e10-1.
4. Wong LE, Hawkins JE, Langness S, et al. Where are all the patients?
Addressing Covid-19 fear to encourage sick patients to seek
emergency care. NEJM Catalyst Innovations in Care Delivery. 2020.
In press.
5. Baldi E, Sechi GM, Mare C, et al. Out-of-hospital cardiac
arrest during the COVID-19 outbreak in Italy. N Engl J Med,
2020,383(5):496-8.

CONCLUSION
Significant reductions in both ED visits and transfers have
coincided with the emergence of the COVID-19 pandemic in
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Introduction: Limited data on the seroprevalence of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) among healthcare workers (HCW) are publicly available. In this study we sought
to determine the seroprevalence of SARS-CoV-2 in a population of HCWs in a pediatric emergency
department (ED).
Methods: We conducted this observational cohort study from April 14–May 13, 2020 in a pediatric
ED in Orange County, CA. Asymptomatic HCW ≥18 years of age were included in the study. Blood
samples were obtained by fingerstick at the start of each shift. The inter-sampling interval was ≤96
hours. The primary outcome was positive seroprevalence of SARS-CoV-2 as determined with an
antibody fast detection kit (Colloidal Gold, Superbio, Timisoara, Romania) for the SARS-CoV-2
immunoglobulin M/immunoglobulin G (IgM/IgG) antibody.
Results: A total of 143 HCWs participated in the study. Overall SARS-CoV-2 seroprevalence was
10.5% (n = 15). Positive seroprevalence was classified as IgG only (4.9%), IgM+IgG (3.5%), or IgM
only (2.1%). SARS-CoV-2 was detected by reverse transcription polymerase chain reaction RT-PCR
in 0.7% of the overall study population (n = 1). Samples obtained on Day 1 indicated seropositivity
in 4.2% of the study population (n = 6). Subsequent seroconversion occurred in 6.3% of participants
(n = 9). The rate of seroconversion was linear with a rate of approximately one new case every two
days, starting at Day 9 of the study.
Conclusion: We observed a linear rate of seroconversion to SARS-CoV-2–positive status among
asymptomatic HCWs who underwent daily symptom surveys and temperature screens in an
environment with universal source control. Rapid antibody testing may be useful for screening for
SARS-CoV-2 seropositivity in high-risk populations, such as HCWs in the ED. [West J Emerg Med.
2021;22(3)565–571.]

INTRODUCTION
The healthcare system plays a pivotal role in minimizing
disease transmission, protecting healthcare personnel, and
preserving health services during the current pandemic. By
Volume 22, no. 3: May 2021

February 11, 2020, 3019 healthcare workers (HCW) in China
had contracted coronavirus disease 2019 (COVID-19). By
April 24, 2020, 19,942 HCWs in Italy had contracted the
disease.1,2 Guidelines for infection control released by the US
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Centers for Disease Control and Prevention (CDC) include
universal source control for everyone entering a healthcare
facility, regardless of symptoms, through mandatory mask
usage, and active screening of all personnel, patients, and
visitors for fever and symptoms of COVID-19 before entry.3
Similar recommendations have been made outside the US4
Although data on the infection rates of HCWs in the US are
limited, preliminary data from California suggest that HCWs
represent an alarming 7.7% of all known COVID-19 cases.5
In a survey of 13 academic medical centers that included 3248
HCWs, 6% were seropositive for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Among those who
tested positive, 29% were asymptomatic, and 69% had not
previously known that they were infected with SARS-CoV-2.6
An earlier detailed analysis demonstrated that only 18% of
HCW who tested positive were known to have been infected in
a healthcare setting, suggesting that HCWs may be more likely
to contract the disease outside of the healthcare setting.7 As
of 3/26/2021, there were 452,706 cases of COVID-19 among
healthcare personnel, and 1,505 deaths from COVID-19.8
The current practice for diagnosing COVID-19 is based on
the use of reverse transcriptase polymerase chain reaction (RTPCR) to test for the presence of SARS-CoV-2 in pharyngeal or
respiratory specimens. Current epidemiologic data are based
on samples from symptomatic patients at high epidemiologic
risk and are likely to underestimate the true prevalence of
infection. Because many infections are subclinical, serologic
methods can play an important role in determining the true
prevalence of COVID-19.9 Early serologic studies have
reported high sensitivity in detecting SARS-CoV-2 infection,
with antibodies to virus detected 6–15 days after disease onset.10
Unlike RT-PCR positivity, SARS-CoV-2 antibodies persist for
at least six weeks and remain detectable throughout the course
of disease.11,12 Multiple serologic tests for COVID-19 have
been developed, including a recently approved lateral flow
assay. However, there is concern over the limitations of these
tests, such as cross-reactivity with antibodies to other human
coronaviruses. Such tests typically detect antibodies against
only one or two antigens. Nonetheless, serology testing may
help to characterize the rate of spread of COVID-19 within
healthcare settings.
In this study we sought to determine the seroprevalence
of SARS-CoV-2 antibodies and to calculate the rate of
seroconversion in a population of HCWs within a pediatric
emergency department (ED) in Orange County, CA.
METHODS
Study design
Staff members in the Julia and George Argyros
Emergency Department at CHOC Children’s Hospital
participated in the study during each shift from April 14–May
13, 2020. The study was approved by the CHOC Children’s
Institutional Review Board. Signed informed consent was
obtained from all study participants. The final enrollment
Western Journal of Emergency Medicine
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Population Health Research Capsule
What do we already know about this issue?
During the current pandemic, publicly
available data on the seroprevalence and
seroconversion of SARS-CoV-2 among
healthcare workers has been limited.
What was the research question?
This study measured the seroprevalence of
SARS-CoV-2 in a population of pediatric
emergency department health-care workers.
What was the major finding of the study?
We observed a linear rate of seroconversion to
SARS-CoV-2–positive status in asymptomatic
healthcare workers.
How does this improve population health?
Rapid antibody testing may be useful for
screening for SARS-CoV-2 seropositivity in
high-risk populations, such as healthcare
workers in the emergency department.

number represents those participants who voluntarily
consented; there were no exclusions. All study participants
were ≥18 years of age and active employees in the CHOC
Children’s ED with direct patient contact, or clerical staff
present in the same area as patients. This included physicians,
physician assistants, nurse practitioners, nurses, medical
technicians, secretaries, monitor technicians, and additional
administrative staff. All subjects were asymptomatic and
afebrile, as all employees underwent daily pre-shift active
verbal screening for symptoms and/or household exposure, as
well as daily temperature measurements with a Masimo TIR1 noncontact clinical-grade infrared thermometer (Masimo
Corporation, Irvine, CA) prior to entering the hospital.
Personnel with positive screening results were barred from
entering the hospital. Any exposure of HCWs to patients or
other HCWs infected with SARS-CoV-2 was traced according
to CDC guidelines. The associated rate of infection was
0.28% (1 out of 362 exposures).13 Funding for this study was
provided by CHOC Children’s Hospital.
Serologic testing
Blood samples were obtained every 96 hours or upon
arrival to the HCW’s shift after the 96 hours, until the end
of the 30-day study period. All samples were tested with the
COVID-19 Rapid Test Kit IgG + IgM (Colloidal Gold) (Superbio
Biomedical Company, Rancho Cordova, CA). At the time of
the study, the Superbio test was approved by the US Food &
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Drug Administration (FDA) under an umbrella emergency use
authorization (EUA) for SARS-CoV-2 antibody tests.14
Through combined analysis of three possible positive
results (immunoglobulin M (IgM) only, immunoglobulin
G (IgG) only, IgM+IgG), the Superbio kit has overall
sensitivity of 100% and specificity of 83.8%.15 The
manufacturer reported that this kit accurately identified 70
nCoV-2019 virus nucleic acid-positive blood samples and 70
negative blood samples. The kit also yielded accurate results
when tested on 135 negative blood samples. These values
correspond to similar results from studies of other lateral
flow assays, with reported sensitivity ranging from 65-93%
and specificity ranging from 97.2-99.8%.16
Fingerstick sampling and antibody testing were performed
by trained and certified ED personnel. Consensus between two
investigators was needed to declare a positive result. Upon a
positive result for either IgM or IgG, a new fingerstick sample
was obtained, and the testing procedure was repeated. The daily
test result was considered positive only when the results were
concordant between test and retest. Based on previous reports
that a two-step screening approach helps to identify early-stage
disease in at-risk populations,17 all seropositive participants
underwent confirmatory serum antibody testing with the Abbott
Architect SARS-CoV-2 IgG assay (Abbott Laboratories Inc.,
Chicago, IL) within one month of their first positive antibody test.
Collection of Nasopharyngeal Swab Specimens
A nasopharyngeal swab (NPS) specimen was collected
from each participant on the date of study entry. The NPS
specimens were collected by trained healthcare professionals in
accordance with CDC recommend-ations.18 Samples were placed
in a viral transport medium liquid supplied to us by the vendor
laboratory. Specimens were kept at 2–8oC for up to 72 hours
(hr), and then transported at -70°C for RT-PCR–based detection
of SARS-CoV-2 (BioReference Laboratories, Elmwood Park,
NJ). All assays performed at BioReference Laboratories have
been validated and approved under the US FDA Emergency Use
Authorization (EUA) for diagnostic testing.
Reverse Transcriptase-Polymerase Chain Reaction
In cases where a healthcare worker had newly tested IgM
positive, the following procedures were performed: repeat
RT-PCR (if no previous RT-PCR had been obtained ≤72 hr)
and expanded multiplex PCR (Biofire FilmArray, BioFire
Diagnostics LLC, Salt Lake City, UT) for an additional 14
viruses, including coronaviruses associated with the common
cold (229E, HKU1, NL63, OC43). Participants who newly
tested IgG positive underwent repeat RT-PCR if no previous
RT-PCR had been obtained within ≤72 hr.
Data Analysis
Subjects were sorted by the day of study entry to
demonstrate total enrollment and the overall pattern of
conversion to seropositivity (Figure 1). The seropositive
Volume 22, no. 3: May 2021

Figure 1. Daily tests and IgG positivity (via Antibody Fast
Detection Kit (Colloidal Gold) Superbio, Timisoara, Romania)
by subject, ordered by date of subject entry. Vertical axis:
subjects ordered from earliest entry (bottom) to latest entry (top).
Horizontal axis: day of the study. Small squares: negative IgG
test. Large squares: positive IgG test.

subgroup was sorted by the day of conversion to seropositivity
to show the rate of acquisition in the cohort (Figure 2).
Least-squares linear regression of the number of seropositive
subjects by day of seroconversion was calculated and
plotted to determine whether the rate of seroconversion was
approximately linear over time.
RESULTS
The study ultimately enrolled 143 of 200 ED personnel,
for a total participation rate of 72.5% (143/200). Among
143 participants, physicians accounted for 12% (n = 17),
allied health professionals for 8% (n = 11), registered nurses
for 41% (n = 58), ED technicians for 73% (n = 21), unit
secretaries for 3% (n = 4), and administrators for 54% (n =
7). The only subject who withdrew from the study had no
symptoms during the study period, and all testing for this
individual was negative. The table presents the demographics
for the study population.
At the time of study entry, 35% of the study cohort
had known exposure to a COVID-19-positive individual
(including either a household or work contact) within the
preceding five days. The results of participant surveys
indicated that no participant who tested positive for SARSCoV-2 antibodies had known exposure within the five days
preceding seroconversion. Reviews of shift schedules,
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Table 1. Summary table of subject demographics (N = 143).
Demographics

Percentage

Age
18-30

41.96%

31-40

30.07%

41-50

18.11%

Over 50

9.79%

Race/ethnicity
Asian or Asian American

15.38%

Black or African American

1.40%

Hispanic/Latino

15.38%

Multiracial

10.49%

Pacific Islander

2.10%

White or Caucasian

55.24%

Years of experience

Figure 2. Subjects with IgG positivity (via Antibody Fast Detection
Kit (Colloidal Gold) Superbio, Timisoara, Romania), ordered by
the first day on which each subject became positive. Vertical axis:
subject identification number ordered from earliest day of IgG
seropositivity (bottom) to latest day (top). Horizontal axis: day of
the study. Small squares: negative IgG test. Large solid squares:
first positive IgG test. Hollow squares: subsequent positive IgG
test. Red line: linear regression of initial IgG positivity by day of
study with a slope of 0.56 cases per day.

1-40 years

Mean

10.31

Position type
Full-time

88.81%

Part-time

4.90%

Per diem

6.29%

Position title

participant interviews, door entry logs, and the electronic
health record provided no evidence of contact with individuals
either suspected or known to have COVID-19, either within
the workplace (coworkers and patients) or outside the
workplace, within an 11-day period prior to any participant’s
first positive result. No situations of increased risk for
exposure to SARS-CoV-2 were identified. However, the
possibility that ED HCWs were exposed to SARS-CoV-2
cannot definitively be ruled out.
The study group (n = 143) yielded 896 antibody test results,
including 40 values from 15 study participants who were IgM
positive only, IgG positive only, or IgM+IgG positive. Figure 3
displays a flow chart of study participants found to be positive,
with a breakdown of positive result categories.
To determine test-retest reliability, a second test was
performed within five minutes of obtaining a positive value.
The 40 positive tests included 30 IgM-positive results and
32 IgG-positive results. Twenty-eight out of 30 IgM tests
were retested. In two cases, the study participants refused
to undergo repeat testing. The second test yielded a positive
result in only 15/28 cases (53.5%). Thirty out of 32 IgG tests
were retested, and the second test remained positive in 23/30
(76.6%). For the 15 patients with two consecutive antibodypositive results, follow-up IgG testing was performed with the
Abbott Architect assay within 4 weeks of obtaining the first
Western Journal of Emergency Medicine

Range

Physician

12.59%

Allied health (PA/NP)

7.69%

Registered nurse

46.85%

ED technician

25.17%

Unit secretary

2.80%

ED administration
4.90%
ED, emergency department; PA, physcian assistant; NP, nurse
practitioner

positive Superbio test result. Three of 15 antibody-positive
participants (20%) also tested positive for IgG using the
Architect assay. All three of these participants had also tested
positive for IgG on the Superbio test (Figure 3).
Remarkably, only one study participant received a positive
RT-PCR result 1/143 (0.7% of participants). This participant
also tested negative for antibodies on the same day the PCR
specimen was obtained. This participant did not complete
additional antibody testing. Negative results were obtained for
all first-time RT-PCR tests of the 15 seropositive individuals,
including the six participants who tested positive on Day 1, as
well as the nine participants who seroconverted during the study
period. Because of the seroconversion observed in a portion of
the study population, five additional follow-up RT-PCR tests
were completed on the 15 seropositive individuals. All followup RT-PCR tests were negative.
The study protocol included performance of a respiratory
multiplex panel for participants with IgM-positive status.
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Figure 3. Flow diagram of results for antibody positive participants
in study of seroprevalence of COVID-19 in a pediatric emergency
department.
IgM, immunoglobulin M; IgG, immunoglobulin G.

The study protocol also required participants to repeat
the respiratory panel if they had fluctuating IgM results.
Ultimately, nine expanded respiratory panel multiplex
PCR tests were completed on eight participants who tested
positive for IgM. One IgM-positive participant refused
testing. All nine tests were negative for the four common
coronavirus species. One of the nine tests was positive for
both rhinovirus and enterovirus.
Figure 1 shows the results obtained for IgG
seropositivity. The first seropositive case was identified
on Day 11. Figure 2 shows the results for the IgG-positive
subjects. The rate of seroconversion was approximately
linear, at a rate of 0.56 seroconversions per day, from Days
11–30. R-squared fit to the linear model was 0.95 (Matlab
Statistics Toolbox, Natick, MA). Several subjects had
negative serology tests subsequent to their initial positive test.
DISCUSSION
The aim of this study was to determine SARS-CoV-2
seroprevalence and the rate of seroconversion in HCWs in
a pediatric ED in California through frequent testing over a
one-month period. Orange County, which borders Los Angeles
County, has not obtained large-scale seroprevalence data.
After adjusting for the population of working-age individuals
(n = 1,752,199), the known population prevalence of
COVID-19 (as determined by RT-PCR) was 0.05% at the start
of the study period. This figure increased to 0.17% by the end
of the study period.19
The acquisition of seropositivity in our study group
appeared to follow a linear trend, which is not consistent
with the exponential rate of growth that would be expected
for transmission within a closely interacting group of
Volume 22, no. 3: May 2021

people. This finding may suggest that most infections
were transmitted through community exposure, rather than
via co-workers; however, our sample size is too small to
draw a definitive conclusion. Notably, no subject became
symptomatic during the study.
Previous studies have indicated that SARS-CoV-2 IgM
may be used as an acute-phase marker for recent infection.20,21
However, there are multiple reports on various viruses,
including SARS coronavirus, that suggest that IgM antibodies
against viral proteins can persist for months after an acute
infection.22-25 In our study, two participants tested IgM positive
on Day 1, and another two participants tested IgM positive
as the first marker of seroconversion. Care must be used
when interpreting seropositivity for IgM as evidence of acute
exposure or infectivity status and in determining the validity
of the results obtained for these four participants.
Seroprevalence data are important to understand the scale
and spread of the pandemic.26 The seroprevalence of SARSCoV-2 IgM/IgG in our cohort of HCWs was 10.5% (15/143).
The seroprevalence of SARS-CoV-2 IgG was 8.4% (12/143).
These values are higher than the range of seropositivity
reported by Los Angeles County (2.8–5.6%) for the general
population 40 miles from our study site during the study
period. Studies of two other general populations in the US
reported seroprevalences of 1.5% and 1.79%. Furthermore,
seroprevalence estimates may be up to 55-fold higher than
estimates based on the results of RT-PCR.16,27 One study
conducted in Germany reported that the overall Sars-CoV-2 IgG
seroprevalence was lower in HCWs in an adult acute hospital
setting (1.6%), compared with other high-risk groups (5.4%).28
Discrepancies between the seropositivity prevalence
reported in this study and the values reported by others may
reflect methodological differences between studies. One
factor may have been the quality of the antibody tests used
for serological testing. The current pandemic has severely
limited the available supply of antibody test kits. The Superbio
antibody test kit, which has overall sensitivity of 100% and
specificity of 83.8%,15 was available for use at the time of the
study, and its stated sensitivity and specificity are within the
range of reported values for many other test kits.
We increased the reliability of our results by using a twostep algorithm for confirmation: with the lateral-flow antibody
test (Superbio) served as the initial screening test, and the
Architect assay (Abbott) served as the confirmatory test.
This two-step approach has been used previously as a highly
sensitive and specific noninvasive tool for the detection of
seropositivity.17 Notably, the Architect assay has received EUA
for the detection of SARS-CoV-2 from the US Food and Drug
Administration (FDA).29 The manufacturer’s instructions state
that the Architect assay, when used to analyze serum blood
samples has SARS-CoV-2 IgG specificity of 99.9%.17 Followup IgG antibody testing with the Abbott assay was completed
on all 15 participants found to be antibody positive with the
Superbio assay. Only 3/15 (20%) of our antibody-positive
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participants were IgG-positive on this follow-up test.
Now that a year has passed since the onset of the current
COVID-19 pandemic, researchers have published clinical
results allowing accurate antibody tests to be distinguished from
those that are unreliable. Recently published studies have led
the FDA to revoke some EUAs and to support others, such as
the Abbott assay. The test-retest performance of the Superbio
test raises a major concern about the meaning of a positive
test: of the 28 IgM-positive results, only 53.5% tested positive;
of the 30 IgG-positive samples that were retested, the second
test was positive in only 76.6% of cases. When participants
who tested positive for IgM only with the Superbio assay were
removed from statistical analysis, the percentage of antibodypositive individuals who subsequently tested positive for IgG on
the Abbott assay increased to 3/12 (25%).
Considering the results provided by the FDA-approved
Abbott assay as true positives implies an overall seroprevalence
in the study group of 2%. This value indicates a seroprevalence
among HCWs that is slightly higher than that reported for the
local general population.19 This pattern of increased SARSCoV-2 seroprevalence among HCWs has been reported
previously.28 In a study of SARS-CoV-2 seroprevalence among
ED HCWs, Stubblefield et al30 reported a seropositivity rate of
7.6%, which is similar to the values reported here. The study
found that almost half of the HCWs who were seropositive
were asymptomatic, which is similar to the trend observed in
our study. These findings could be used to select a cohort of
HCWs that would benefit from additional screening.
Although SARS-CoV-2 seroprevalence was higher among
ED HCWs at our institution than among the county’s workingage population, this trend was not reflected in the results of
RT-PCR testing. Only one participant tested positive for SARSCov-2 RNA. Notably, an infection contracted long before study
participation would result in positive serology on Day 1, but
not necessarily positive results on RT-PCR. This study would
benefit from replication at additional sites that draw from larger
samples of ED staff.

negative results. Finally, high-risk aerosolization procedures (eg,
intubation) are performed less frequently in pediatric vs adult
healthcare settings, due to the decreased morbidity of COVID-19
in pediatric patients. This could limit the extrapolation of our
results to adult settings.
Depending on the method used for analysis, the
seroprevalence of SARS-CoV-2 among the pediatric ED HCWs
included in this study ranged from 2–10.5%. We observed a
seroconversion rate of approximately one new case every two
days. Periodically screening HCWs using a rapid antibody screen
may help to identify asymptomatic individuals in high-risk
settings and thus limit the spread of COVID-19.
Finally, it should be noted that after the study period had
ended, the Superbio SARS-CoV-2 IgM/IgG Antibody Fast
Detection Kit (Colloidal Gold) was found to have low specificity
(83% per the manufacturer and when tested by the CDC).
Furthermore, the results of repeat testing with the more-specific
Abbot Architect SARS-CoV-2 IgG assay suggest that the number
of positive cases reported in this study may be overstated. Despite
these limitations, the findings presented above may help those
working in the healthcare setting to understand that relying upon
devices that lack high levels of specificity may impact the results
of tests run on study participants.

LIMITATIONS
Our study has several limitations. When performed in a
setting of low prevalence (<5%), serology testing carries a high
risk of false positives.31 SARS-CoV-2 serology is known to have
high cross-reactivity with other common-cold coronaviruses.
However, the results of expanded respiratory virus PCR testing
showed that none of the SARS-CoV-2 IgM-positive individuals
in our study tested positive for any of the four coronaviruses
associated with the common cold. Another factor that must be
considered when interpreting our results is that, although high
test-retest reliability in analyzing serum samples was reported
by the manufacturers of the Superbio lateral-flow test, we
noted poor test-retest reliability in the ED setting. This finding
suggests that variation in the fingerstick test procedure may be
a source of variability and decreased sensitivity. Daily variation
in serum antibody titers may also have contributed to false-
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Introduction: As the COVID-19 pandemic unfolded, emergency departments (EDs) across the
world braced for surges in volume and demand. However, many EDs experienced decreased
demand even for higher acuity illnesses. In this study we sought to examine the change in
utilization at a large Canadian community ED, including changes in patient demographics
and presentations, as well as structural and administrative changes made in response to the
pandemic.
Methods: This retrospective observational study took place in Ontario, Canada, from March 17–
June 30, 2020, during province-wide lockdowns in response to COVID-19. We used a control
period of March 17–June 30 in 2018–2019. Differences between observed and expected values
were calculated for total visits, Canadian Triage and Acuity Scale (CTAS) groups, and age
groups using Fisher’s exact test. Length of stay (LOS), physician initial assessment time (PIA),
and top primary and admission diagnoses were also examined.
Results: Patient visits fell to 66.3% of expected volume in the exposure period (20,901 vs
31,525, P<0.0001). CTAS-1 (highest acuity) patient volumes dropped to 86.8% of expected
(P = 0.1964) while CTAS-5 (lowest acuity) patient volumes dropped to 32.4% of expected (P
<0.0001). Youth (0-17), adult (18-64), and senior (65+) visits all decreased to 37.4%, 71.7%,
and 72.9% of expected volumes, respectively (P <0.0001). Median PIA and median ED LOS
both decreased (1.1 to 0.6 hours and 3.3 to 3.0 hours, respectively). The most common primary
diagnosis in both periods was “other chest pain.” Viral syndromes were more prevalent in the
exposure period. The top admission diagnoses were congestive heart failure in the control
period (4.8%) and COVID-19 in the study period (3.5%).
Conclusion: ED utilization changed drastically during COVID-19. Our ED responded with wide
stakeholder engagement, spatial reorganization, and human resources changes informed by
real-time data. Our experiences can help prepare for potential subsequent “waves” of COVID-19
and future pandemics. [West J Emerg Med. 2021;22(3)572–579.]
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INTRODUCTION
The first case of COVID-19 in Canada was identified in
Toronto, Ontario, on January 25, 2020. Over the next few
months, every province and territory in Canada declared a
state of emergency and instituted lockdowns in response to
increasing infection spread, which reached a total of 1,155,834
cases as of April 23, 2021.1 Provincial and local health
systems prepared for worst-case scenarios as they observed
dire situations in areas that were hit hard early including Italy,
Spain, and areas in the United States. 2,3
Based on challenging international experiences, many
Canadian emergency departments (ED) sought to prepare
for a high flux of patients with infectious symptoms.4-6
However, as the pandemic unfolded, many EDs did not
appear to experience surges, but rather decreases in volumes.
In the prehospital realm, emergency medical system (EMS)
activations for potential life-threatening presentations
decreased in the US and Europe.7,8 Substantial decreases in
ED volumes have been noted worldwide, even in countries
with high COVID-19 burden.9,10 Moreover, early studies from
Canada and worldwide found decreased visits for heart failure,
stroke, and acute myocardial infarctions.11-14
Given the large role of EDs in the response to the
COVID-19 pandemic, it is important to investigate the
landscape of ED utilization during the initial period. The
objective of this study was to characterize the utilization of
a large community hospital in Ontario, the most populous
province, after the declaration of province-wide lockdowns,
as well as to explore observed local changes in response
to these effects. This included changes in incoming patient
demographics, common presentations, and internal indicators
of operations such as length of stay (LOS) and physician
initial assessment (PIA) times.
These insights can help inform stakeholders in the
provision of emergency care by examining how populations
respond to pandemics in their decisions to visit EDs. The
findings have implications for human resource planning,
hospital resource management, supply chain manufacturing
and procurement, and local continuing education initiatives.
METHODS
Study Design and Time Period
This was a retrospective, population-based cohort study
conducted in the Mackenzie Health (MH) Hospital ED.
The study period was from March 17–June 30 in the years
2018–2020. The exposure time period starts March 17,
2020, during which the provincial government of Ontario
declared a state of emergency response to COVID-19
and instituted lockdowns of non-essential services. Data
collection ended on June 30, 2020. We used a control
period of March 17–June 30 in the years 2018–2019 to
obtain baseline characteristics for examined variables.
This study was approved by the Southlake Regional Health
Centre Research Ethics Board.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Emerging evidence shows that COVID-19
significantly disrupted demand for
healthcare internationally.
What was the research question?
How has COVID-19 changed the demand for
emergency care in large community hospitals?
What was the major finding of the study?
We found decreased volumes, increased acuity,
older demographics, and higher proportions of
infectious presentations.
How does this improve population health?
By understanding the impact of pandemics on
population-level demand for emergency care,
we can better prepare for future outbreaks.

Study Setting
Mackenzie Health is a large 506-bed community hospital
in Richmond Hill, Ontario. The ED received 111,384 visits
in 2019. Richmond Hill is a city of 195,022 in Ontario,
a province with a population of 13,448,494.15 The preCOVID-19 ED was organized into three main zones. The nonambulatory zone included a five-bed resuscitation room, five
mental health beds, 14 acute care rooms (one isolation), and
20 designated hallway stretchers for overflow. It also included
a subacute zone with 15 beds, four of which were isolation
beds. The ambulatory zone, for patients who did not need a
bed but needed thorough evaluation, included 10 assessment
rooms and 30 treatment chairs for patients awaiting treatment
or for results. Finally, the minor-treatment zone included six
assessment rooms, an eye examination room, and a procedure
room, the latter mostly for musculoskeletal injuries.
Data Collection
We retrieved data from the hospital electronic database (Epic
Systems Corporation, Verona, WI). We examined total daily visits
and acuity level via the Canadian Emergency Department Triage
and Acuity Scale (CTAS).16 We also examined patient age (youth
0-17; adult 18-64; senior 65+), physician initial assessment (PIA)
time, length of stay (LOS) duration, primary (most responsible)
diagnosis for the visit, and admission diagnoses.
Primary diagnoses were defined as the most responsible
diagnosis coded in the hospital electronic database
according to the International Classification of Diseases,
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Data Analysis
We compared observed numbers of visits to expected
numbers as projected by the method in Johnston et al (2002)
(Box A1).19 The expected numbers were calculated using the
dates March 17–June 30, 2018–2019, and pre-COVID-19
2020 data to account for seasonality as well as year-to-year
variation. We conducted the comparisons between observed
and expected numbers using Fisher’s two-tailed exact test. The
Bonferroni correction (0.05/8 = 0.00625) was used to adjust
for multiple testing in subgroup analyses for CTAS and age
(Table 2). We summarized LOS and PIA data by interquartile
range (IQR), and 90th percentiles. Categorical variables of
primary diagnoses and admission diagnoses were summarized

10th rev (ICD-10) format. We compared the volume and
proportion of the top five primary diagnoses to the 2018–
2019 control period. This was also done for the top five
admission diagnoses. Finally, the volume and proportion
of acute myocardial infarction (AMI) and acute stroke
were examined for the purpose of comparison to emerging
literature on the impact of COVID-19 on those conditions
in other jurisdictions.11-14 We abstracted AMI visits as
visits with the most responsible diagnosis field coded as
either ICD-10 I21 or ICD-10 I22,17 while acute stroke was
abstracted with most responsible diagnosis fields coded
as ICD-10 I60, ICD-10 I61, ICD-10 I62, ICD-10 I63, and
ICD-10 I64 (Table 1).18

Table 1. International Classification of Diseases codes used to abstract most responsible diagnoses.
Diagnosis

ICD-10 code

AMI
Acute Stroke

ICD-10 description

I21

Acute myocardial infarction

I22

Subsequent myocardial infarction*

I60

Subarachnoid haemorrhage

I61

Intracerebral haemorrhage

I62

Other nontraumatic intracranial haemorrhage

I63

Cerebral infarction

I64
Stroke, not specified as haemorrhage or infarction
*Includes infarction of any myocardial site, occurring within 4 weeks (28 days) from onset of a previous infarction.
ICD-10, International Classification of Diseases, Tenth Revision, Clinical Modification; AMI, acute myocardial infarction.

Table 2. Number of emergency department visits during study period March 17–June 30, 2018 to 2020.
Number of visits (n,%)*
Groups
Total visits

2018

2019

30,540

32667

% Ratio of observed to expected in 2020
Observed/expected
% (95% CI)

P-value***

31,525

66.3 (64.7–68.1)

<0.0001

2020 (observed) 2020 (expected)**
20,901

CTAS
1-Resuscitation

221 (0.7)

526 (1.6)

310 (1.5)

357

86.8 (69.8–107.8)

0.1964

2-Emergent

10,142 (33.2)

11,562 (35.4)

6,846 (32.8)

9,352

73.2 (70.1–76.5)

<0.0001

3-Urgent

13,713 (44.9)

16,009 (49.0)

10,664 (51.0)

16,663

64.0 (61.7–66.4)

<0.0001

4-Semi-urgent

4,832 (15.8)

3,300 (10.1)

2,303 (11.0)

3,382

68.1 (63.1–73.5)

<0.0001

5-Non-urgent

1,612 (5.3)

1,244 (3.8)

742 (3.6)

2,290

32.4 (27.9–37.5)

<0.0001

Youth (0-17)

5,057 (16.6)

5,460 (16.7)

1,916 (9.2)

5,123

37.4 (34.8–40.1)

<0.0001

Adult (18-64)

17,452 (57.1)

18,637 (57.1)

13,282 (63.5)

18,524

71.7 (69.3–74.1)

<0.0001

Senior (65+)

8,031 (26.3)

8,570 (26.2)

5,703 (27.3)

7,823

72.9 (69.3–76.7)

<0.0001

Age group

* Observed number of visits during study period (3/17–6/30).
**Expected volumes calculated by method of Johnson et al (2002) (Box A1).
*** Null hypothesis being that observed visits:expected visits = 1.
CTAS, Canadian Emergency Department Triage and Acuity Scale.
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by percentages. We performed statistical analysis using SAS
version 9.4 software (SAS Institute Inc., Cary, NC).

37.5). Decreases in CTAS 2-4 patients were statistically
significant (P<0.0001 for all groups).

RESULTS
Volumes
The number of ED visits during 2020 fell starting in
mid-March, close to Ontario’s declaration of a province-wide
state of emergency on March 17 (Figure 1). The total volume
during the exposure period was 66.3% of expected volumes
(20,901 vs 31,525, P<0.0001) (Table 2).

Age

Canadian Triage and Acuity Scale
During the exposure period the volume of all CTAS
categories fell compared to expected values (32.4%–86.8%)
(Table 2). The volume of CTAS-1 (highest acuity) patients
experienced the smallest reduction (86.8% of expected,
95% confidence interval [CI], 69.8–107.8) while the
volume of CTAS-5 (lowest acuity) patients experienced
the greatest reduction (32.4% of expected, 95% CI, 27.9–

All three age groups’ (youth, adult, senior) volumes
during the exposure period were below expected (37.4%,
71.7%, and 72.9% of expected, respectively; all P-values
<0.0001) (Table 2). Youth visits dropped more than adults
and seniors compared to expected values. Additionally, the
proportion of youth visits fell from 16.6% in 2018–2019 to
9.2% in 2020.
Length of Stay and Physician Initial Assessment Times
The median ED LOS decreased from 3.3 hours (Q1–Q3:
1.9–5.6) across 2018–2019 to 3.0 hours (Q1–Q3: 1.7–5.1)
during the exposure period (Table 3). The 90th percentile LOS
fell from 10.7 to 8.8 across the same timeframe. The median
time to PIA decreased from 1.1 hours (Q1–Q3: 0.6–1.7) in
2018–2019 to 0.6 hours (Q1–Q3: 0.3–1.0) during the exposure

Figure 1. Daily visits to the emergency department from January 1–June 30 for the years 2018 to 2020.
*March 17th: closure of large public gatherings, schools, libraries, and theatres, closely followed by closure of all non-essential businesses
*Stage 1: opening of selected non-essential retail, outdoor recreation, and household services
*Stage 2: opening of personal care services, restaurants and bars (outdoor seating), malls, and recreational facilities
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Admissions
Top admission diagnoses are outlined in Table 5. The top
cause for admission in 2018–2019 was congestive heart failure
(4.8%), whereas the top cause in 2020 was COVID-19 (3.5%).
Acute appendicitis, urinary tract infections, and acute renal
failure were within the top five causes of admission in both
2018–2019 and 2020.

Table 3. Emergency department length of stay and physician
initial assessment during study period (March17–June/30 for the
years 2018 to 2020).
2018-2019 average*

2020

Median
(Q1-Q3)

90th
percentile

Median
(Q1-Q3)

90th
percentile

Length of
stay

3.3
(1.9 - 5.6)

10.7

3.0
(1.7 - 5.1)

8.8

Physician
initial
assessment

1.1
(0.6 - 1.7)

2.3

0.6
(0.3 - 1.0)

1.5

*Average was calculated by dividing the sum of each statistic for
2018 and for 2019 by 2.

period. The 90th percentile PIA fell from 2.3 hours to 1.5
hours across the same timeframe.
Primary Diagnoses
The most common primary diagnosis in both the control
and exposure periods was R073 - Other chest pain (4.1% and
4.9% of all visits, respectively) (Table 4). In the exposure period
U071 – Coronavirus Disease 2019, virus identified became the
third most common primary diagnosis. B349 – Viral infection,
unspecified and J069 – Acute URTI, unspecified entered the
most common primary diagnoses as well.
The proportion of AMI and acute strokes both increased
(0.1% to 0.4% and 0.6 to 0.8%, respectively). The absolute
number of AMIs increased from an average of 45 per year
over 2018–2029 to 83 in 2020 (84% increase). The absolute
number of acute strokes decreased from an average of 188 in
2018–2019 to 177 in 2020 (5.9% decrease).

DISCUSSION
Interpretation of Findings
In this study we noted significant decreases in ED
volumes, particularly for youth patients (aged 0–17 years)
and lower acuity patients (CTAS 4–5). This was accompanied
by decreases in PIA and LOS. COVID-19 entered the most
common primary diagnoses overall as well as the most
common primary diagnoses causing admission. Infectious
primary diagnoses became more common as well. We also
noted a large increase in AMIs and a slight decrease in
acute strokes, although they both increased in terms of the
proportion of total ED visits. Additionally, there was a slight
decrease in the number of patients who were dead on arrival to
the ED during the study periods in 2018 and 2019 to 2020 (45,
44, and 39, respectively).
The decreases in ED volumes are similar to international
reports.10 The reasons for this phenomenon have not been
determined but may be a combination of several theories:
1) patient anxiety surrounding hospitals as a source of
contagion;20 2) public health messaging about “flattening the
curve” and a fear of exceeding health system capacity; 3) a
reduction in risk-related activities such as biking, drinking
alcohol outdoors, driving as a result of the population staying
at home; and 4) fewer medical procedures and operations from

Table 4. Primary diagnoses during study period (March 17–June 30) for the years 2018 to 2020.
2018-2019 average*
Top #

Diagnoses

2020

N (2,018/2,019)

%

1,283/1,308

4.1

R073 - Other chest pain

R104 - Other and unspecified
abdominal pain

623/688

2.1

#3

N390 - Urinary tract infection,
site not specified

539/529

#4

A09 - Infectious gastroenteritis
and colitis, unspecified

#5

R42 - Dizziness and giddiness

#1

R073 - Other chest pain

#2

Acute myocardial infarction
Acute stroke

Diagnoses

N (2,020)

%

1,022

4.9

Z038 - Encounter for observation for other
suspected diseases and conditions ruled out

708

3.4

1.7

U071 - Coronavirus disease 2019, virus
identified

474

2.3

499/503

1.6

B349 - Viral infection, unspecified

446

2.1

432/529

1.5

J069 - Acute URTI, unspecified

328

1.6

26/63

0.1

Acute myocardial infarction

83

0.4

173/202

0.6

Acute stroke

177

0.8

*2018-2019 average calculated as the average of percentages for the years 2018 and 2019.
URTI, Upper respiratory tract infection.
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Table 5. Top admission diagnoses during study period (March 17–June 30) for the years 2018 to 2020.
2018-2019 average*
Top #

Diagnoses

2020

N (2018/2019)

%**

N (2020)

%**

180/172

4.8

R073 - Other chest pain

1022

4.9

K358 - Unspecified acute
appendicitis

117/92

2.8

Z038 - Encounter for observation for other
suspected diseases and conditions ruled out

708

3.4

#3

N390 - Urinary tract infection, site
not specified

89/79

2.3

U071 - Coronavirus disease 2019, virus
identified

474

2.3

#4

N179 - Acute renal failure
unspecified

66/98

2.2

B349 - Viral infection, unspecified

446

2.1

#5

J189 - Pneumonia unspecified

70/86

2.1

J069 - Acute URTI, unspecified

328

1.6

Acute myocardial infarction

14/46

0.8

Acute myocardial infarction

57

1.8

108

3.5

#1

I500 - Congestive heart failure

#2

Diagnoses

Stroke
108/133
3.2 Stroke
*2018-2019 average calculated as the average of percentages for the years 2018 and 2019.
**Percentages were calculated out of the visits with an admission disposition.
URTI, Upper respiratory tract infection.

the cancellation of elective procedures to protect personal
protective equipment supply and hospital bed capacity.
Similarly, significant drops in ED volumes were seen during
the 2003 severe acute respiratory syndrome (SARS) outbreaks
in Toronto and Taiwan.21–23 The LOS and PIA times also
decreased during this time period presumably due to reduced
patient volumes and thus reduced ED workloads.
There were significant drops in low-acuity patients,
similar to what was observed in the SARS
ourbreaks, 23 which may again reflect hesitancy to visit the
hospital for less-severe issues. The proportion of youth visits
decreased more than adults and seniors; this was also seen
during the SARS pandemic in Toronto.21 Thus, seniors made
up a larger proportion of our patient visits. While our ED is
equipped with a geriatrics nurse team, future efforts to support
an increased presence of a geriatric population may include
providing professional education on geriatric emergency care,
building a physical ED environment that supports safety and
independent function, collaborating with community supports
for transitions of care, and increasing geriatric nurse or
geriatrician access.24
The proportion of influenza-related conditions and
respiratory tract infections increased during COVID-19,
similar to the increase in influenza-like illness volumes seen
in the US during the H1N1 outbreak.25 This may have been
due to increased awareness about contracting COVID-19,
which presents with non-specific symptoms including fever
and cough. Acute myocardial infarction and stroke made up
a higher proportion of visits during the study period, which
may reflect the reduction of lower-acuity visits. However,
the absolute volume of AMIs increased while the number of
strokes decreased slightly. Our experience is in contrast with
international reports, which found decreases in AMIs and
larger decreases in the number of strokes.12–14
Volume 22, no. 3: May 2021

Local Response at the Mackenzie Health Emergency
Department
As the makeup of emergency visits changed at MH,
department leadership instituted a number of structural
and human resource changes to meet the newly changing
landscape. This undertaking necessitated ongoing wide
stakeholder engagement both within the ED and with the
hospital administration. In response to the significant decrease
of patient volumes, more agile emergency-physician staffing
adjustments were made. The changes resulted in almost
monthly changes to the ED staffing template in terms of
physician hours and zone coverage to meet demand. These
adjustments required ongoing real-time data analysis and
feedback, as well as constant engagement with the clinicians
in the ED.
Although there was a decrease in visits of all triage
levels, lowest severity patients visits (CTAS 4–5) decreased
the most in both volume and in proportion. At MH, this led to
the conversion of the minor treatment zone into an admitted
isolation patient outflow area to support the sub-acute
zone. Additionally, the sub-acute zone was fitted with highefficiency particulate air (HEPA) filters and added COVID-19
screening capabilities resulting in the zone in its entirety
becoming a positive pressure area. Lower acuity patients
were treated in the ambulatory zone, which was equipped
with physically distanced chairs. Patient educational material
was presented with signage and on media screens to remind
patients of proper hand hygiene and physical distancing in
the ED. Hallway beds were also removed to further allow
for distancing. However, these changes decreased the total
number of available acute care beds from 64 to 37 in the ED.
Therefore, surge planning was frequently updated in the case
of sharp increases in patient visits.
Additionally, MH experienced an increased proportion
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of patients presenting with respiratory symptoms. To meet
this demand, the resuscitation area was converted into an
ambulatory isolation area with eight chairs, two beds, and
a new HEPA filtration system. Moreover, a dedicated and
physically separate COVID-19 assessment centre was opened
at MH, which experienced drastic increases in volumes
during the study period (Figure A1). This assessment centre
was set up for performing COVID-19 reverse transcription
polymerase chain reaction tests for ambulatory low-acuity
or asymptomatic patients. The centre was set up with eight
assessment rooms overseen by a team of two emergency
physicians and dedicated nurses. This allowed for rapid
turnaround for low-acuity patients, tailored care for the
intended visit, minimized transmission between asymptomatic
and symptomatic patients, and facilitated ED medical
resources to be used towards higher acuity patients in the ED.
An ongoing focus on infection control was maintained
throughout this time period and a multitude of infection control
changes were undertaken in response to the pandemic. These
included updating triage screening questions; installation of
HEPA ventilation in COVID-19 areas; increases in cleaning
frequency and use of full-spectrum UV disinfection machines;
reserving negative pressure rooms for aerosol-generating
medical procedures; and the use of a dedicated multidisciplinary
intubating team for high-risk intubations.
Research Implications
Delayed presentations of critical illnesses mean that
clinicians and administrators will need to prepare with
downstream exacerbations of time-sensitive conditions that
would have otherwise been managed earlier. Therefore,
continued proactive advocacy and messaging informing the
public of the safety of EDs ahead of subsequent “waves” is
crucial.
Additionally, emergency care resources can be distributed
to meet new demands. Changes in patient demographics,
i.e., a shift towards older patients, can be met with increased
geriatric support, such as extended geriatric nurse practitioner
hours. Likewise, emergency care resources can be shifted
to accommodate for increases in influenza-like or infectious
presentations, such as increasing patient isolation capacity.

primary diagnoses are subject to interpretation, such as Z038
– Encounter for observation for other suspected diseases
and conditions ruled out, which limits inferences about most
common presentations. Finally, the observed trends may
have been influenced by changes in local care provision.
Anecdotally, some local family physician offices closed,
which may have redirected some low-acuity complaints to the
ED. However, no local hospitals closed or were designated as
“COVID-19 hospitals”.
CONCLUSION
Emergency department utilization changed significantly
during COVID-19. This large Canadian ED experienced lower
volumes, decreased proportions of lower-acuity and younger
patients, and an increase in viral illness presentations. The
experiences of this local ED can help equip ED administrators
with structural and process-based changes for potential
subsequent “waves” of COVID-19 and future pandemics.
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Introduction: As of October 30, 2020, severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) has infected over 44 million people worldwide and killed over 1.1 million people. In the
emergency department (ED), patients who need supplemental oxygen or respiratory support are
admitted to the hospital, but the course of normoxic patients with SARS-CoV-2 infection is unknown.
In our health system, the policy during the coronavirus 2019 (COVID-19) pandemic was to admit
all patients with abnormal chest imaging (CXR) regardless of their oxygen level. We also admitted
febrile patients with respiratory complaints who resided in congregate living. We describe the rate of
decompensation among patients admitted with suspected SARS-CoV-2 infection but who were not
hypoxemic in the ED.
Methods: This is a retrospective observational study of patients admitted to our health system
between March 1–May 5, 2020 with suspected SARS-CoV-2 infection. We queried our registry to
find patients who were admitted to the hospital but had no recorded oxygen saturation of <92%
in the ED and received no supplemental oxygen prior to admission. Our primary outcome was
decompensation at 72 hours, defined by the need for respiratory support (oxygen, high-flow nasal
cannula, non-invasive ventilation, or intubation).
Results: A total of 840 patients met our inclusion criteria. Of those patients, 376 (45%) tested
positive for SARS-CoV-2. Sixty patients (7.1%) with suspected COVID-19 required respiratory
support at 72 hours including 27 (3%) of confirmed SARS-CoV-2 positive patients. Among the
376 patients who tested positive for SARS-CoV-2, 54 patients (14%) had normal CXR in the ED.
One-third of patients with normal CXRs decompensated at 72 hours. Seven SARS-CoV-2 positive
patients in our cohort died during their hospitalization, of whom five had normal CXRs on admission.
Conclusion: Sixty (7.1%) of suspected COVID-19 patients hospitalized at 72 hours required
respiratory support despite being normoxic in the ED. Further research should look to identify the
normoxic SARS-CoV-2 patients at risk for decompensation. [West J Emerg Med. 2021;22(3)580–586.]

INTRODUCTION
The emergence of severe acute respiratory syndromecoronavirus-2 (SARS-CoV-2) was first reported in Wuhan,

Western Journal of Emergency Medicine

China, in December 2019.1 The first case of the disease caused
by SARS-CoV-2, named coronavirus 2019 (COVID-19), in
the United States was reported in the state of Washington on
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January 21, 2020.2 As of March 29, 2021, the SARS-CoV-2
virus has infected over 126.8 million people worldwide and
killed over 2.7 million people.3 In the United States, SARSCoV-2 has infected over 29.9 million people and killed over
543,800 people.
SARS-CoV-2 causes a range of symptoms from mild
respiratory illness and gastrointestinal illness to respiratory
failure.4,5 SARS-CoV-2 often causes a biphasic syndrome
where respiratory symptoms predominate early during the
viremic phase, a quiescent phase, and then subsequent severe
inflammatory stage.6 In one study from China, the infectious
symptoms indicative of the initial phase lasted between 7-10
days. By 10 days, half of all patients had defervesced; most
had cleared their fever by week two.
In our health system, the policy during the COVID-19
pandemic was to admit all patients with abnormal imaging
and suspected SARS-CoV-2 infection regardless of their
oxygen level. We also admitted febrile patients with
respiratory complaints who were homeless or resided
in congregate living (eg, homeless shelters or recovery
houses). This gives our health system a unique perspective
as many other hospitals screened away patents who
were normoxic without further testing or treatment. Our
goal in this study was to describe the clinical course of
patients with suspected COVID-19 along with the rate of
decompensation of patients with suspected COVID-19 who
were not hypoxemic in the ED.

Population Health Research Capsule
What do we already know about this issue?
Some patients with COVID-19 pneumonia
will decompensate and require oxygen and
ventilatory support despite being normoxic
in the emergency department (ED).
What was the research question?
What is the rate of decompensation of
patients with COVID-19 pneumonia who are
normoxic in the ED?
What was the major finding of the study?
Among 870 patients with COVID pneumonia
who were normoxic in the ED, 7% required
oxygen or ventilatory support at 72 hours.
How does this improve population health?
A significant number of patients with
COVID-19 will decompensate at 72 hours
despite normoxia in the ED. Further research
needs to identify these at-risk patients.

METHODS
This was a retrospective observational study of all
patients admitted to the Temple University Health System
between March 1–May 5, 2020. The Temple University
Health System (TUHS) is a three-hospital system located
in Philadelphia, Pennsylvania. Temple University Hospital
(TUH) is a tertiary care hospital located in Philadelphia and is
the referral center for the health system; TUH houses a 52-bed
emergency department (ED) that is staffed with board-certified
emergency physicians. It is the main site for the three-year
emergency medicine (EM) residency. Episcopal Hospital is a
29-bed urban community ED, also staffed by board-certified
emergency physicians, and is a community site for the EM
residency. Episcopal Hospital houses a 19-bed observation
unit, but any patients admitted from the Episcopal Hospital
ED who need a higher level of care or consultative services
are transferred to TUH. The TUH Jeanes Campus is a 19-bed
suburban community ED on the outskirts of Philadelphia.
Among all three EDs, there were approximately 193,000 ED
visits in 2019.
A standard admission order set was used for all patients
admitted with suspicion of COVID-19. The order set included
laboratory tests, chest imaging (CXR), an electrocardiogram,
a SARS-CoV-2 nasopharyngeal polymerase chain reaction
(PCR) swab, and oxygen therapy via nasal cannula.
Beginning March 1, 2020, patients admitted to any of the
Volume 22, no. 3: May 2021

three hospitals in the TUHS were entered into a COVID-19
registry if they had a COVID-19 nasopharyngeal PCR
performed or had a diagnosis of viral pneumonia or SARSCoV-2-related illnesses (International Classification of
Diseases, 10th Revision [ICD-10] codes B97.29, J22, or
Z20.828). We queried the registry to find patients who
were admitted to the hospital but had no recorded oxygen
saturation of less than 92% in the ED and received no
supplemental oxygen before admission to the hospital.
We included all patients 18 years and older who had
a discharge diagnosis of viral pneumonia or SARS-CoV-2
related illnesses (ICD 10 B97.29, J22, or Z20.828); a
nasopharyngeal PCR test for SARS-CoV-2; and a CXR or
computed tomography (CT) of the chest performed. Patients
were excluded if they had a documented oxygen saturation
of less than 92% prior to hospital admission, required oxygen
while in the ED, were on home oxygen at baseline, had no
SARS-CoV-19 test performed, or had no radiology studies
of the chest performed. Patients were also excluded if they
were less than 18 years old, a prisoner, or pregnant at time
of admission. We chose to use an oxygen saturation of 92%
as our cutoff for inclusion. Although severe hypoxemia is
less than 90%, the oxygen dissociation curve begins to drop
steadily at 92%.7 We thus felt most emergency physicians
would be uncomfortable discharging a patient with an oxygen
saturation of less than 92%.
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Along with SARS-CoV-2 testing, standard workup for
patients admitted for suspected COVID-19 consisted of a CT of
the chest. These scans were either CT angiograms to evaluate for
pulmonary embolism, spiral CTs of the chest with intravenous
contrast, or a viral chest CT. The viral CTs were low-dose, noncontrast chest CTs with 5-millimeter slices. Based on findings
such as multifocal pneumonia, patchy infiltrates, and groundglass opacities, attending radiologists would classify the viral
CTs as category 1 (multifocal pneumonia consistent with SARSCoV-2), category 2 (indeterminant), or category 3 (not consistent
with SARS-CoV-2).
A priori we defined CXR and CT findings that were
known to be associated with SARS-CoV-2 (Figure 1).8,9 We
reviewed the official radiology read for each CXR and CT
and categorized the reads by phrases or findings (eg, “groundglass opacities” or “multifocal pneumonia”). Radiology
reads could be classified into more than one group if multiple
relevant findings were present. Both CXR and CT were
readily available for evaluation of patients with suspected
COVID-19 at all EDs in the health system.
Our primary outcome was respiratory decompensation
at 72 hours. Respiratory decompensation was defined as the
need for supplemental oxygen of any type, high-flow nasal
cannula, noninvasive ventilation (bilevel positive pressure
or continuous positive pressure), or endotracheal intubation
within 72 hours of admission. Only patients who were still in
the hospital at 72 hours were included in the primary outcome.
Patients could flow across groups during the data analysis.
For example, if a patient was on nasal cannula on day one
and high-flow nasal cannula on day two, the subject would be
listed in their respective group during that time. The same was
true of de-escalation of respiratory support.
We performed subgroup analyses for rates of
decompensation at 24 and 48 hours as well as for those
patients who had a positive SARS-CoV-2 nasopharyngeal
PCR test. We also reviewed patients who had a CXR without
acute cardiopulmonary findings but an abnormal chest CT
consistent with COVID-19 (e.g., ground-glass opacities,
multifocal pneumonia, patchy opacities).

Schreyer et al.

RESULTS
Between March 1–May 5, 2020, 2232 patients were
admitted to TUHS with suspected COVID-19. Of those
patients, 840 met our inclusion criteria (Figure 2); 392 (46%)
were female and 247 (29%) were over 65 years of age (Table
1). Of these patients, 376 (45%) tested positive for SARSCoV-2. Of the 840 admitted patients with suspected COVID-19
who were not hypoxemic in the ED, 410 were still admitted to
the hospital at 72 hours. Sixty (7%) patients met our outcome
for decompensation (Table 3). In the confirmed SARS-CoV-2positive group, 3% of patients required respiratory support at
72 hours. Table 4 lists the various respiratory inventions in the
SARS-CoV-2 positive and negative groups at each time point.
At 48 hours, 98 (11.2%) of admitted patients with suspected
COVID-19 required oxygen therapy with 57% given nasal
cannula and the other 43% on a higher level of respiratory
support. At 24 hours, 43 patients (5.1%) needed respiratory
support with high-flow nasal cannula, non-rebreather oxygen
mask, noninvasive ventilation, or mechanical ventilation. At
the time of data analysis, 97 patients were still in the hospital,
49 patients in the SARS-CoV-2 positive group and 48 in the
SARS-CoV-2 negative group.
Nine patients (0.8%) in our cohort died during their hospital
admission. Seven patients were SARS-Cov-2 positive. The
characteristics of these seven patients are listed in Table 6. Six of
the seven patients had significant comorbidities including severe
congestive heart failure, diabetes, and end-stage renal disease.
Only one patient had no apparent comorbidities that would have
contributed to death from COVID-19. Of the seven patients who
were SARS-CoV-2 PCR positive, four had initial CXRs that
were read as no acute cardiopulmonary disease by the attending

Figure 1. Radiology findings suggestive of SARS-CoV-2 infection.
Chest radiograph findings
-Pneumonia
-Infiltrate or consolidation
-Opacities
-Multifocal, bilateral, or diffuse, opacities
-Atypical pneumonia
-Patchy or hazy opacities
Computed tomography chest findings
-Ground-glass opacities
-Consistent with “atypical pneumonia” or “viral pneumonia”
-Bilateral/multifocal pneumonia or opacities
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Figure 2. Enrollment diagram.
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Table 1. Demographics [n (%)] of patients tested for severe acute
respiratory syndrome coronavirus 2.
SARS-CoV-2 SARS-CoV-2
positive
negative
All patients
(n = 376)
(n = 464)

Table 2. Radiology findings.
All
patients

SARS-CoV-2
PCR positive

SARS-CoV-2
PCR negative

102 (12.1)

67 (17.8)

35 (7.5)

75 (8.9)

36 (9.6)

39 (8.4)

Opacities

241 (28.7)

134 (35.6)

107 (23.1)

Multifocal/
bilateral/diffuse

173 (20.6)

110 (29.3)

63 (13.6)

Chest radiograph
Pneumonia

Male

450 (53.6)

193 (51.3)

257 (55.4)

Female

390 (46.4)

183 (48.7)

207 (44.6)

Mean age

56.6 years

55.2 years

57.8 years

282 (33.6)

130 (34.6)

152 (32.8)

78 (9.3)

24 (6.4)

54 (11.6)

Atypical PNA

27 (3.2)

21 (5.6)

6 (1.3)

Age > 65

247 (29.4)

107 (28.5)

144 (31.0)

96 (25.5)

55 (11.9)

234 (27.9)

110 (29.3)

123 (26.5)

Patchy/hazy/ill
defined

151 (18.0)

BMI 25-30
BMI 30-35

174 (20.7)

92 (24.5)

82 (17.7)

159 (18.9)

54 (14.4)

105 (22.6)

BMI >35

168 (20.0)

90 (24.0)

76 (16.4)

No acute
disease

Mean (hours)

126 hours

136 hours

117 hours

<24

100 (11.9)

17 (4.5)

83 (17.9)

Ground-glass
opacities

460 (54.8)

265 (70.5)

195 (42.0)

24-48

186 (22.1)

67 (17.8)

119 (25.7)

331 (39.4)

222 (59.0)

109 (23.5)

48-72

144 (17.1)

80 (21.3)

64 (13.8)

Viral/atypical
PNA

Infiltrate/
consolidation

Comorbidities
DM
COPD

Chest computed
tomography

LOS

>72
410 (48.8)
211 (56.1)
199 (42.9)
DM, diabetes mellitus; COPD, chronic obstructive pulmonary
disease; BMI, body mass index; LOS, length of stay.

radiologist. All seven patients had abnormal chest CTs.
A total of 154 patients (18.9%) had normal CXRs in the
ED (Table 5); 54 patients of these patients tested positive
for SARS-CoV-2 and 18 decompensated at 72 hours. Of
the 18 SARS-CoV-2 positive patients who decompensated,
15 had chest CTs, and 13 of those CTs were consistent with
SARS-CoV-2. Only one patient with a normal CT of the chest
decompensated by 72 hours.
DISCUSSION
Our hospital system provides a unique insight into the
clinical course of COVID-19 as we admitted patients that many
other hospitals discharged directly from the ED. In consultation
with our pulmonary department, which supervised the care of
all COVID-19 patients admitted to the hospital, we chose to
admit any patients with abnormal chest imaging as it was felt
these patients were at high risk of decompensation, including
those who were normoxic in the ED. We also admitted all
patients with febrile respiratory rates who were undomiciled
or lived in a congregate setting because the public health
infrastructure in Philadelphia lacked resources to isolate these
patients outside of the hospital. We only tested patients for
SARS-CoV-2 who were being admitted to the hospital.
Nearly 1% of patients in this seemingly low-risk cohort
died during their hospital admission. This is surprisingly
high for patients who were not hypoxemic on admission.10
Volume 22, no. 3: May 2021

Bilateral/
262 (31.2) 181 (48.1)
81 (17.5)
multifocal
opacities
SARS-CoV-2, severe acute respiratory syndrome coronavirus-2;
PNA, pneumonia.

Moreover, this was a fairly young cohort with 70% of patients
under 65 years of age. Even more concerning was the fact that
four of the seven SARS-CoV-2 positive patients who died had
normal initial CXRs. This would suggest that chest radiograph
is not nearly sensitive enough to screen for COVID-19 in the
normoxic patients. All seven of the COVID-19 patients who
died had abnormal chest CTs, which suggests that CT may be
a superior modality for screening for COVID-19 disease. This
finding is consistent with other published research.11
Less than half of the patients who were admitted to
the hospital with suspected COVID-19 tested positive

Table 3. Rates of decompensation, n (%).
At 72
hours
Number of patients admitted

At 48
hours

410(48.8) 554(66.0)

At 24
hours
740(88)

SARS-CoV-2 positive

212

292

358

SARS-CoV-2 negative

198

262

352

27(3.3)

47(5.6)

-

Number of patients requiring
respiratory support
SARS-CoV-2 positive

SARS-CoV-2 negative
33(416.6)
51(6.1)
SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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Table 4. Respiratory interventions.
Respiratory intervention
NC
Time frame

HFNC

NRB

NIV

Vent

All

+

-

All

+

-

All

+

-

All

+

-

All

+

-

At 24 hours

--

--

--

21
(1.8)

9
(1.9)

12
(1.7)

35
(3.0)

17
(3.5)

19
(2.8)

38
(3.3)

11
(2.3)

27
(3.9)

51
(4.4)

7
(1.5)

44
(6.4)

At 48 hours

45
(3.9)

26
(5.4)

19
(2.8)

12
(1.0)

5
(1.0)

7
(1.0)

15
(1.3)

7
(1.5)

8
(1.2)

10
(0.9)

3
(1.5)

7
(1.2)

16
(1.4)

6
(0.6)

10
(1.5)

At 72 hours

26
15
11
8
3
5
11
6
5
8
2
6
7
1
6
(2.2) (3.1) (1.6) (0.7) (0.6) (0.7)
(0.9) (1.2) (0.7)
(0.7) (0.4) (0.9)
(0.6) (0.2) (0.9)
Respiratory interventions within the first 24, 48, 72 hours, divided by type of intervention and COVID-19 test result. (+) = COVID test positive;
(-) = COVID-19 test negative; All = Includes COVID-19 positives and negatives; Values reported as # (%). Adjusted for length of stay.
NC, nasal cannula; HFNC, high-flow nasal cannula; NRB, non rebreather mask; NIV, noninvasive ventilation; Vent, ventilator

for the virus. We believe the low sensitivity of the PCR
nasopharyngeal swab for SARS-CoV-2 explains why
there was essentially the same number of patients who
decompensated in the SARS-CoV-2 positive and SARSCoV-2 negative groups.12 All of the patients included in this
study had a diagnosis of viral pneumonia or SARS-CoV-2related illness. In our cohort 460 patients had ground glass
opacities (GGOs) on chest CT, the most common finding on
chest CT in patients with COVID-19.13 Of patients with GGOs
on chest CT, 42% tested SARS-CoV-2 negative. A recent
study showed that in a cohort of patients who were SARSCoV-2 positive, nearly 30% showed CT findings prior to a
positive SARS-CoV-2 PCR test.14 It is certainly plausible that
many of these patients would have a positive SARS-CoV-2
test on repeat testing.
Our findings suggest that patients with suspected
COVID-19 who are normoxic in the ED but have abnormal
imaging, especially abnormal CT imaging, should be
admitted for observation and further care. Seven percent of
patients who were normoxic in the ED required respiratory
support at 72 hours. The next step in research would be
to develop a tool to identify which normoxic patients will
decompensate and require oxygen support within 72 hours.
Burdick et al developed a machine-learning algorithm that
combined 12 variables to predict which patients admitted
with COVID-19 would require mechanical ventilation.15
Haimovich et al published the Quick COVID-19 Severity
Index, a simple three- step scoring model to predict respiratory
decompensation at 24 hours.16 This index showed moderate
sensitivity but allowed patients who were on oxygen by
nasal cannula to still receive a low severity score. Most EDs,
however, do not have the resources to discharge hypoxic
patients requiring oxygen. While these predictive models are
applicable to the ED setting, more work remains to be done to
capture all patients who may decompensate.
Our cohort does not represent the full spectrum of
COVID-19 disease presenting to our ED as many patients were
discharged directly from the ED or from an ED screening tent.
Western Journal of Emergency Medicine

The screening tent, which housed a physician or advanced
practice provider and a nurse, was open during select times
based on available staffing. Low-acuity patients with respiratory
symptoms were identified upon arrival to the ED and directed
to the tent. Patients evaluated in the tent were either discharged
directly from the tent or directed back into the ED for further
evaluation and treatment at the discretion of the screening
provider. Furthermore, no imaging was mandated for patients
with COVID-19 who were not being admitted to the hospital.
Some clinicians likely ordered more CXRs and viral CTs than
other clinicians. While some patients who underwent chest
imaging may have appeared sicker to the treating clinician, we
attempted to normalize this by looking at only normoxic patients.
At times, hospitals will reach capacity in their ability
to care for patients with COVID-19, as resources such as
inpatient care space and staff are finite but demand from
patients is not. In the first wave of COVID-19, overall ED
volume was down at our hospital, allowing us to increase the
depth of workup for patients with3/6/2 suspected SARS-CoV-2
infection. In a second wave of COVID-19, we may be forced to
more judiciously triage our limited ED and hospital resources.
While discharging patients with suspected COVID-19 based

Table 5. COVID-19 patients with normal chest radiographs (n = 54).
n

No
Decompensation Decompensation

Chest CT
consistent with
SARS-Cov-2

39

13 (33%)

26

Chest CT not
consistent with
SARS-Cov-2

4

1 (25%)

3

Indeterminate chest
CT

7

1 (14%)

6

No chest CT
4
1 (25%)
3
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
CT, computed tomography.
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Table 6. SARS-CoV-2 positive mortality group.
Age

Gender

Major comorbidity

Intubated on

Died

Initial CXR

Initial chest CT

78

Male

Severe CHF (EF=20%)

Day 15

Day 15

Abnormal

Abnormal

67

Female

None

Day 5

Day 21

Abnormal

Abnormal

51

Male

Diabetes

Day 3

Day 31

Normal

Abnormal

46

Female

ESRD

Day 7

Day 19

Normal

Abnormal

81

Male

Hepatocellular carcinoma

Comfort care

Day 11

Normal

Abnormal

68

Male

Diabetes (DKA)

Day 7

Day 8

Normal

Abnormal

84
Female
Post-polio paralysis
Comfort care
Day 7
Abnormal
Abnormal
CXR, chest radiograph; CT, computed tomography; CHF, congestive heart failure; EF, ejection fraction; ESRD, end-stage renal disease;
DKA, diabetic ketoacidosis.

on a normal oxygen saturation and normal CXR may not be
an optimal strategy, it must be considered. The question of
admission vs discharge of the normoxic patient must be based
not only on the constraints of a healthcare system during a
pandemic, but also the patient’s comorbidities and the ability of
a patient to self-monitor symptoms at home. The use of home
pulse oximetry may be a viable way to monitor clinical status
in a non-clinical setting and provide early identification of a
group at risk for respiratory decompensation.17
LIMITATIONS
This study has several limitations to consider. We did
not include patients who were triaged away from the ED
in our screening tent or who were discharged from the ED
without imaging. Radiology reads are highly variable and
there is often moderate inter-rater reliability, especially related
to CT imaging in COVID-19.18,19 We relied on these reads
to categorize chest CT and CXR findings. This could have
affected the internal validity of our study. Our protocol of
performing screening chest CTs on all admitted patients may
certainly not be applicable to other hospitals.
Further, only patients in the hospital at 24, 48, and 72
hours were included in the analysis. It is possible that a patient
discharged before 72 hours decompensated and either went
to a different ED or died at home. In addition, 97 patients
were still in the hospital at the time of data analysis, so it
is possible that these patients died later. We were unable to
determine why a patient was placed on a mode of ventilation
once admitted to the hospital. Hospital physicians may have
differing thresholds for administering oxygen by nasal cannula
or other means. We did not control for this factor, and it could
have affected the internal validity of our research.
Because our admission order set included a default order
for nasal cannula, we were unable to differentiate which
patients actually required nasal cannula at 24 hours and which
patients simply had an order for nasal cannula. Therefore, data
for nasal cannula at 24 hours was not reported. After 24 hours,
nasal cannula use was routinely recorded in the electronic health
record by the floor nurses and respiratory therapists. In addition,
Volume 22, no. 3: May 2021

our overall patient volume was down during the initial wave of
the pandemic. Finally, our research was conducted in a threehospital urban health system. Thus, our conclusions may not be
externally valid in other geographic settings or in hospitals that
do not have the same resources available.
CONCLUSION
In our data set of suspected patients with COVID-19 who were
not hypoxemic on admission to the hospital, 7.1% who remained
hospitalized at 72 hours required respiratory support. Many of the
patients who decompensated had normal chest radiographs on
admission. Further analysis needs to be done on the risk factors
that could identify those patients at risk for decompensation vs
those patients who could be safely discharged from the ED.
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Introduction: We assessed the utility of an emergency department (ED) protocol using clinical
parameters to rapidly distinguish likelihood of novel coronavirus 2019 (COVID-19) infection; the
applicability aimed to stratify infectious-risk pre-polymerase chain reaction (PCR) test results and
accurately guide early patient cohorting decisions.
Methods: We performed this prospective study over a two-month period during the initial surge of
the 2020 COVID-19 pandemic in a busy urban ED of patients presenting with respiratory symptoms
who were admitted for in-patient care. Per protocol, each patient received assessment consisting
of five clinical parameters: presence of fever; hypoxia; cough; shortness of breath/dyspnea; and
performance of a chest radiograph to assess for bilateral pulmonary infiltrates. All patients received
nasopharyngeal COVID-19 PCR testing.
Results: Of 283 patients studied, 221 (78%) were PCR+ and 62 (22%) PCR-. Chest radiograph
revealed bilateral pulmonary infiltrates in 85%, which was significantly more common in PCR+ (94%)
vs PCR- (52%) patients (P < 0.0001). The rate of manifesting all five positive clinical parameters was
significantly greater in PCR+ (63%) vs PCR- (6.5%) patients (P < 0.0001). For PCR+ outcome, the
presence of all five positive clinical parameters had a specificity of 94%, positive predictive value of
98%, and positive likelihood ratio of 10.
Conclusions: Using an ED protocol to rapidly assess five clinical parameters accurately
distinguishes likelihood of COVID-19 infection prior to PCR test results, and can be used to augment
early patient cohorting decisions. [West J Emerg Med. 2021;22(3)587-591.]

INTRODUCTION
During the 2020 coronavirus 2019 (COVID-19) pandemic,
urban hospitals experienced excessively high patient volumes
and significant spatial constraints.1 Emergency departments
(ED) struggled to manage the acute patient influx, particularly
given the continued circulation of influenza and other
respiratory viruses early in the pandemic. Basic epidemiologic
care principles support cohorting patients with like infectious
status to reduce risk of nosocomial transmission.2,3 Specifically,
it is important to avoid cohorting a COVID-19 person under
investigation (PUI) who is not infected with confirmed
Volume 22, no. 3: May 2021

COVID-19 cases. Routine processing polymerase chain
reaction (PCR) tests can take up to 24 hours; thus, waiting for
test results to make cohorting decisions poses an unacceptable
burden on the capacity to care for PUIs. While more rapid
testing platforms are being developed, it is not clear when, and
how widely, they will be made available; or how accurate they
will be.
In the meantime, implementing a clinical protocol that
accurately allows cohorting presumptively positive PUIs
with known COVID-19 positive patients while awaiting
inpatient bed assignment would optimize utilization of
587
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nursing, physical space, and physician oversight. Such a
protocol would also ensure that PUIs with lower pre-PCR
test probability of COVID-19 infection remain isolated apart
from confirmed COVID-19 cases, thus decreasing the risk of
nosocomial transmission.
We developed a simple COVID-19 ED screening protocol
consisting of five discriminatory, commonly assessed clinical
parameters (including performance of a chest radiograph
[CXR]). The objective of this study was to prospectively
evaluate this screening protocol to predict the likelihood of
PCR+ for COVID-19 infection prior to PCR test resulting. We
hypothesized that during times of high COVID-19 community
prevalence, this clinical protocol would facilitate early and
accurate identification of PUIs at risk for COVID-19 infection,
allowing them to cohort with known infected patients while
awaiting results of the PCR test.
METHODS
During the initial surge of the 2020 COVID-19
pandemic, from March 1–April 28, we performed a
prospective study of patients presenting to our urban ED,
which treats >100,000 patients per year. In late February
2020, in conjunction with our infection control department,
an ED protocol was devised and implemented anticipating
that spatial constraints would eventually amaze the ability to
provide appropriate isolation distancing between PUIs and
known COVID-19 infected patients. This protocol was
applied as standard practice during the study period to
inform active clinical decision-making regarding cohorting
of admitted/boarded ED patients.
All patients aged 30-70 years presenting with acute
respiratory symptoms consistent with possible COVID-19
infection as judged by an attending-level emergency physician
were screened by initial providers using parameters given in
Table 1. Since the protocol was devised prior to the release of
the US Centers for Disease Control and Prevention (CDC)
demographic risk information, we arbitrarily set an upper age
limit at 70 years. Our electronic health record (EHR) (Epic
Systems Corporation, Verona, WI) used an extensive
standardized template, including querying whether patients
experienced fever, shortness of breath, and cough. Standard
triage protocol mandated performance of pulse oximeter 02
saturation measurement and measurement of body temperature

Table 1. Emergency department protocol: five clinical parameters
used to determine likelihood of COVID-19 positive polymerase
chain reaction rest.
• Cough
• Dyspnea/shortness of breath
• Fever
• Hypoxia
• Chest radiograph with bilateral pulmonary infiltrates
COVID-19, coronavirus disease 2019.

Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
There is little published literature defining an
emergency department (ED) clinical scoring system
to define risk for COVID-19 infection in patients who
present with respiratory symptoms during a pandemic.
What was the research question?
Can a clinical protocol accurately identify ED
patients with COVID-19 infection to facilitate
cohorting with known infected patients while awaiting
polymerase chain reaction (PCR) test results?
What was the major finding of the study?
An ED protocol assessing 5 clinical parameters
accurately distinguishes COVID-19 infection risk
prior to PCR test results to augment early patient
cohorting decisions.
How does this improve population health?
Utilizing this clinical protocol facilitates early and
accurate identification of risk for COVID-19 infection.

in all patients. The EHR was reviewed in its entirety, noting
all entries made by all providers.
We used a clinical decision tool composed of five
variables: 1) hypoxia (O2 saturation ≤92% on room air while
in the ED or required supplemental oxygen to maintain
adequate O2 saturation); 2) fever, either by history (>100.4o
Fahrenheit) or measured in the ED (>38o Celsius); 3) cough;
4) dyspnea/shortness of breath (SOB); and 5) CXR with
bilateral pulmonary infiltrates. Every effort was made by
study investigators to follow the EHR census in real time to
screen/enroll consecutively presenting patients appropriate
for study. In addition, the EHR was reviewed every 24 hours
to compile a list of consecutive admissions. Initial clinical
parameters were tabulated up to 24 hours prior to PCR test
results, and included symptomatology (presence of fever,
cough, dyspnea/SOB), and vital signs measurements (body
temperature and pulse oximeter O2 %-saturation). All
received a COVID-19 nasopharyngeal qualitative PCR test
(“SARS-CoV-2 PCR” (Roche Laboratories Inc, Rotkreuz,
Switzerland) and expedited ED CXR. PCR test results were
reviewed and recorded when completed on the next calendar
day after presentation.
Consistent with the intended use of the guidelines, we
initially surveyed a sample of all patients admitted/boarded in the
ED who were awaiting PCR test results, whose medical records
were reviewed to determine protocol utility and efficacy. This
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was performed as a quality assurance project. Two authors (EL
and WB) entered patients into the study independently; WB
entered the majority, and EL reviewed all entries prior to
finalizing data. There were only two discrepancies, both of which
were removed from the final analysis.

Table 3. Distribution of protocol clinical parameters based on
COVID-19 PCR test result.
PCR+ ( N = 221) PCR- (N = 62)

Statistical Analysis
We performed chi-squared or Fisher’s exact test to assess
the significance of rate differences characterizing the presence
of all five positive clinical variables between COVID19
outcome groups, using P < 0.05 as the significance level
(MEDCALC Software Ltd, Ostend, Belgium). We calculated
sensitivity, specificity, positive/negative predictive values, and
likelihood ratios.4,5

RESULTS
There were 283 consecutive admitted ED patients studied
during the two-month period, of whom 221 (78%) were PCR+
and 62 (22%) PCR-. The duration of symptoms ranged
between 1–28 days. All patient records had a provider entry
for history of fever, SOB, and cough as queried by nursing at
triage, and also by an attending-level emergency physician at
the point of initial examination. Also, in each case there was
standardized documentation of vital signs including triage
measurements of body temperature and pulse oximeter 02
saturation, and a CXR was performed early in the course of
ED care, with results interpreted by an attending radiologist.
Table 2 gives patient clinical characteristics. Table 3
shows the distribution of clinical parameters per PCR result;
overall, the rate of manifesting all five clinical parameters was
significantly greater in PCR+ (63%) vs PCR- (6.5%) patients

Table 2. Clinical characteristics of 283 suspected cases of
COVID-19 admitted to the hospital.
Variables
N (%)
221 (78%)

PCR-

62 (22%)

Bilateral pulmonary infiltrates

240 (85%)

Manifested all 5 positive clinical parameters
(fever, cough, dyspnea/SOB, hypoxia, bilateral
pulmonary infiltrates)

143 (51%)

COVID-19, coronavirus disease 2019; PCR+, positive polymerase
chain reaction test; PCR-, negative polymerase chain reaction
test; SOB, shortness of breath.

Volume 22, no. 3: May 2021

208 (94%)

32 (52%)

Hypoxia

185 (84%)

37 (60%)

Fever

169 (77%)

23 (37%)

Cough

206 (93%)

44 (71%)

Dyspnea/SOB

209 (95%)

59 (95%)

Manifested all 5 positive
139 (63%)
4 (6.5%)
clinical parameters
(fever, cough dyspnea/
SOB, hypoxia, bilateral
pulmonary infiltrates)
COVID-19, coronavirus disease 2019; PCR+, positive polymerase
chain reaction test; PCR-, negative polymerase chain reaction
test; SOB, shortness of breath.

Power Analysis
A sample of 76 cases was calculated to allow for 80%
power (alpha 0.05) to determine the significance of
difference in rates of all five positive clinical variables
being present between PCR+ (estimated 50%) vs PCR(estimated 20%) groups. The study was approved by our
institutional review board.

PCR +

Bilateral pulmonary infiltrates

(P < 0.0001). The rate of radiographically identified bilateral
pulmonary infiltrates was significantly greater in PCR+ (94%)
vs PCR- (52%) patients (P < 0.0001). Table 4 gives results of
statistical analysis; the manifestation of all five clinical
parameters was highly predictive of PCR+ outcome, with a
positive likelihood ratio of 10.
DISCUSSION
The COVID-19 global pandemic presented many unique
ED-resource challenges in managing a critical patient census,
often requiring precautionary PUI isolation pending PCR test
confirmation. As was the situation for many hospitals
providing care, PUIs who are pending COVID-19 PCR results
may reside in the ED for hours. Such was the case in our ED;
at peak prevalence, we simultaneously boarded >60
COVID-19 admitted patients. Bed space was certainly at a
premium, and the issue of accurate PUI cohorting based on
infectious status was of primary importance. While awaiting
PCR test results, providers had to subjectively determine (with
variable accuracy) optimal patient placement based on an
estimated likelihood of COVID-19 infection.
There are many advantages to early and accurate
determination of patient COVID-19 infectious status,
including preventing nosocomial infection, maximizing
efficient utilization of limited bed space and PPE equipment,
and augmenting contact tracing efforts. We were unable to
identify prior published data analyzing utility of an ED
protocol using clinical parameters to accurately distinguish
COVID-19 PUI infection risk. Nor were there any standard
published guidelines endorsing ED screening criteria to
determine patient cohorting during a critical census surge
when PUIs are admitted/boarded. Recently published
studies6-12 retrospectively reported rates of individual clinical
variables for patients with COVID-19 infection. One6
produced a prediction model to help define overall risk for
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at the time we devised and implemented the protocol.
Although we anticipated our protocol would accurately apply
to an older aged demographic, further study is warranted to
assess this.

Table 4. Statistical analysis for predicting COVID-19 PCR+
outcome with manifesting all five positive clinical parameters.
Statistic

Value

95% CI

Sensitivity

63%

(56 - 69%)

Specificity

94%

(84 - 98%)

10

(3.7 – 25)

Negative likelihood ratio

0.4

(0.33 - 0.48)

Positive predictive value

98%

(94 - 99%)

Positive likelihood ratio

Negative predictive value
39%
(34 - 43%)
COVID-19, coronavirus disease 2019, PCR+, positive polymerase
chain reaction test; CI, confidence interval.

COVID-19 infection, although it used blood test results, which
can take a variable amount of time to process.
The World Health Organization (WHO) endorses
immediate isolation of PUIs for COVID-19 infection. Its
diagnostic criteria13 includes the presence of an acute
respiratory infection with at least one of the following
symptoms: cough; sore throat; SOB; coryza; or anosmia; with
or without fever. We refined this list to enhance timely
assessment in accurately cohorting PUIs pre-PCR results,
selecting common COVID-19 clinical variables endorsed by
WHO and extending its criteria to include parameters of fever,
hypoxia, and bilateral pulmonary infiltrates.
Our roster consisted of simple, standard variables
routinely assessed by initial providers with each patient
encounter, plus performance of pulse oximetry and CXR. The
protocol cutoff point chosen to distinguish risk was highly
applicable, as just over 50% of all presenting patients
manifested all five clinical parameters. It accurately predicted
risk for COVID-19 PCR+, as the presence of all five positive
clinical parameters was associated with very high specificity,
positive predictive value, and a10-fold positive likelihood
ratio for COVID-19 infection.

CONCLUSION
We conclude that an ED screening protocol consisting of
five basic clinical parameters is simple to use, rapidly
completed, and accurate in distinguishing persons under
investigation risk for COVID-19 infection prior to PCR test
results. We recommend its use to augment cohorting accuracy
when PUIs for COVID-19 are ED admitted/boarded during a
critical census surge.
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Introduction: The clinical presentation of coronavirus disease 2019 (COVID-19) overlaps with
many other common cold and influenza viruses. Identifying patients with a higher probability of
infection becomes crucial in settings with limited access to testing. We developed a prediction
instrument to assess the likelihood of a positive polymerase chain reaction (PCR) test, based
solely on clinical variables that can be determined within the time frame of an emergency
department (ED) patient encounter.
Methods: We derived and prospectively validated a model to predict SARS-CoV-2 PCR positivity in
patients visiting the ED with symptoms consistent with the disease.
Results: Our model was based on 617 ED visits. In the derivation cohort, the median age was 36
years, 43% were men, and 9% had a positive result. The median time to testing from the onset of
initial symptoms was four days (interquartile range [IQR]: 2-5 days, range 0-23 days), and 91% of
all patients were discharged home. The final model based on a multivariable logistic regression
included a history of close contact (adjusted odds ratio [AOR] 2.47, 95% confidence interval [CI],
1.29-4.7); fever (AOR 3.63, 95% CI, 1.931-6.85); anosmia or dysgeusia (AOR 9.7, 95% CI, 2.7234.5); headache (AOR 1.95, 95% CI, 1.06-3.58), myalgia (AOR 2.6, 95% CI, 1.39-4.89); and dry
cough (AOR 1.93, 95% CI, 1.02-3.64). The area under the curve (AUC) from the derivation cohort
was 0.79 (95% CI, 0.73-0.85) and AUC 0.7 (95% CI, 0.61-0.75) in the validation cohort (N = 379).
Conclusion: We developed and validated a clinical tool to predict SARS-CoV-2 PCR positivity in
patients presenting to the ED to assist with patient disposition in environments where COVID-19
tests or timely results are not readily available. [West J Emerg Med. 2021;22(3)592–598.]

INTRODUCTION
The novel coronavirus disease 2019 (COVID-19)
pandemic poses a major threat to global health.1 Despite
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public health efforts to contain its rapid spread, outbreaks
have led to emergency department (ED) crowding, a strain
on hospital resources, and a shortage in testing capacity. In
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the absence of effective prophylaxis or a vaccine, the most
efficient containment strategy is interrupting transmission
through rapid identification and isolation of infected patients.2
Given that the clinical presentation of COVID-19
overlaps with many other common cold and influenza viruses,
identifying patients with a higher probability of infection
becomes crucial in settings with limited access to testing.3,4
The most commonly reported symptoms are fever, myalgia,
fatigue, headache, dry cough, and dyspnea, whereas less
frequent symptoms include rhinorrhea, sore throat, diarrhea,
chest tightness, anosmia, dysgeusia, and hemoptysis.4-6
Reported laboratory findings include leukopenia, leukocytosis,
lymphopenia, high lactate dehydrogenase, and a host of
elevated inflammatory markers.7due to the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2 Imaging
findings include patchy, ground-glass infiltrates on chest
radiograph (CXR) and computed tomography.4,8
The turnaround time for the SARS-CoV-2 polymerase
chain reaction (PCR) test in our ED and in the vast majority
of Chilean centers is at least 48 hours and up to 10 days.
Moreover, shortages of tests and reagents limit the number
of tests that we can perform. To facilitate the disposition of
our patients without the benefit of PCR testing results, we
developed a prediction instrument to assess the likelihood
of a positive PCR test, based solely on clinical variables
that can be determined within the time frame of an ED
patient encounter.
METHODS
We conducted a two-phase observational study involving
patients visiting the ED with symptoms consistent with
COVID-19 who were tested with a SARS-CoV-2 PCR test
over two consecutive months (March and April 2020) during
the beginning of the pandemic in Chile. Data were collected
in an urban, academic hospital with 380 beds and 32 adult
intensive care unit beds, expanded to 75 critical care beds
during the pandemic. The ED receives an average of 40,000
adult patient visits per year.
In the first phase, during March 2020, data were collected
retrospectively from the national COVID-19 notification
form required for all patients tested for COVID-19 in our ED.
This was complemented with vital signs, and laboratory and
imaging results from the patient health record. We used the
information collected to derive a prediction instrument for
COVID-19 diagnosis. In the second phase, conducted over
the subsequent four weeks, we prospectively applied a new
data collection form to validate our instrument. In this phase,
all patients who were tested for COVID 19 were included.
The decision to order the test was at physician discretion.
Clinicians were blinded to the study results of the first phase
and completed an extended form including all variables tested
in the first phase.
Cases were individuals who had a positive SARSCoV-2 PCR result, and controls were those with a negative
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
The clinical presentation of coronavirus
disease 2019 (COVID-19) overlaps with many
other common cold and influenza viruses.
What was the research question?
Can we predict COVID-19 test positivity based
on clinical variables?
What was the major finding of the study?
Anosmia, dysgeusia, fever, headache, myalgia,
dry cough, and history of close contact are
good predictors of COVID-19 diagnosis.
How does this improve population health?
This group of symptoms could be used to
assist with patient disposition in environments
where COVID-19 tests or timely results are not
readily available.

test. We excluded patients younger than 18 years old,
pregnant women, patients who returned for a second visit
to the ED in the following month, those who had already
been tested for COVID-19 prior to the ED visit, those
with an indeterminate test result, and those for whom less
than 30% of the data required for the derivation set was
available. We collected and managed study data using
Research Electronic Data Capture tools hosted at Pontificia
Universidad Católica de Chile (REDCap Consortium,
Vanderbilt University, Nashville, TN). This study was
approved under a waiver of informed consent by our
institutional review board.
Variables
We included in the analysis demographic information;
general symptoms (including myalgias, fatigue, quantified
fever at home, headache); respiratory symptoms (including
rhinorrhea, sore throat, dry, and productive cough, dyspnea);
gastrointestinal symptoms (including anorexia, vomiting,
diarrhea, nausea, and abdominal pain); and anosmia or
dysgeusia. Comorbidities, tobacco and drug use, vaping,
medications, influenza vaccination history, and other
epidemiologically relevant data such as travel to countries
with outbreaks and close contacts with confirmed cases of
COVID-19 were also collected and analyzed. We used the
Chilean national health definition of “close contact” (highrisk exposure), which includes patients who were exposed to
another person with a positive test starting two days before
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symptoms onset: a) for at least 15 minutes at less than three
feet distance without the use of a mask; b) patients who
shared a closed space (such as a room or office) for more
than one hour without a mask; and c) patients who slept
in the same room or lived together in the same house. We
defined “febrile” as a self-reported temperature at home or
axillary temperature in the ED ≥ 38°C. Time from symptoms
onset, vital signs, laboratory, and imaging results were also
included in the analysis.
Statistical Analysis
For the derivation cohort, we examined group differences
using chi-square and t-tests and considered a P-value <0.05
for statistical significance. Because most ambulatory patients
in the ED do not receive laboratory or imaging studies, we
planned to create two separate models, the first (full model)
based only on clinical data (demographics, comorbidities,
signs and symptoms, and vital signs) and a second (restricted
model) incorporating laboratory and imaging results. To
develop both models, we used the retrospective derivation set
and fit the model using logistic regression with a stepwise,
purposeful forward selection of variables. We first selected
variables that were statistically significant with a P-value
<0.1 and added them one by one in the multivariable logistic
regression model (full model). We then compared the full
vs restricted model with a likelihood ratio test and kept the
variables that added statistical value to the model. At the
end of this process we added back all variables that were not
statistically significant in the univariate analysis and kept
those that improved the model. After checking for collinearity,
we retained or dropped variables depending on their clinical
relevance as well as their statistical influence in the main
effect variable model.
We assessed the performance of the final model
using the Hosmer-Lemeshow goodness of fit test and its
discriminatory performance by an area under the ROC curve
(AUROC). We tested the model in the prospective cohort
using the same performance parameters. We used Stata
statistical software (StataCorp, College Station, TX) for
all analyses. Finally, we created a score based on the main
effect model to make it more suitable for clinical practice.
We described its discriminatory power for several cutpoints with likelihood ratios and the rate of PCR COVID-19
positivity by categories.
RESULTS
For the derivation cohort, we assessed the charts of 682
ED visits that met inclusion criteria. We excluded 61 patients
under 18 years old, five because of missing data, two due to
a missing PCR result, and a single patient because the PCR
COVID-19 result was indeterminate. We extracted data on
the remaining 617 patients. Of those patients, 43% (N = 262)
were men with a median age of 36 years (interquartile range
[IQR]: 29–49, range 19–96 years). In the prospective cohort
Western Journal of Emergency Medicine
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of 379 consecutive patients, 46% were men with a median
age of 39 years (IQR: 30-53, range 12 – 98 years). The main
demographic and clinical characteristics for the derivation
and validation cohorts are shown in Table 1. The rate of
COVID-19 positive tests was 9% (N = 58) in the derivation
cohort and 18% (N = 69) in the validation cohort (P<0.001).
For both groups, the median time to testing from the onset of
initial symptoms was days (IQR: 2-5 days, range 1-23 days),
and 91% of all patients were discharged home. The rate of
COVID-19 positive patients was 12% for outpatients and
13% for inpatients (P>0.05). Only two patients had Mapuche
ancestry (an indigenous Chilean population). Both tested
negative for COVID-19 and were discharged home.
Univariate Analysis
In the univariate analysis, the clinical variables that
had the highest positive likelihood ratios were anosmia or
dysgeusia, fever, history of close contact, use of angiotensinconverting enzyme (ACE) inhibitors, lack of dyspnea, oxygen
saturation below 95% on room air, and an abnormal chest
CXR (Table 2).
Prediction Model / Development Set
Variables that were statistically significant at the P< 0.1 level
are shown in Table 2. Age and gender were not associated with
a positive test result. The only comorbidity positively associated
with a positive test was hypertension and the use of ACE
inhibitors. A history of close contact with a person who had tested
positive was also significant. Symptoms such as fever, myalgias,
headache, dry cough, anosmia or dysgeusia, and lack of shortness
of breath were predictors of a positive PCR COVID-19 result.
Oxygen saturation lower than 95% on room air was also found to
be predictive. Among tests and imaging results, cases were more
likely to have an abnormal CXR than controls.
Although use of ACE inhibitors improved the final model
numerically, we decided to drop that variable for lack of robust
physiologic evidence that supported that association (adjusted
odds ratio [AOR] 2.5, P = 0.28). We also excluded oxygen
saturation below 95% despite its statistical significance in
the multivariable model (AOR 2.36, P = 0.042) because we
considered that abnormal vital sign as a marker of higher acuity
and determinant of hospital admission and further testing rather
than a predictor of etiology. Table 3 shows the multivariable
logistic regression coefficients, Wald test, and odds ratio for
each of the predictor variables for the final model.
Fit and Discrimination Power Model Assessment
The final logistic regression model for clinical
data and its covariates is shown in Table 3. By internal
bootstrap validation, the mean AUC based on data from the
development cohort was 0.79 (95% confidence interval [CI],
0.73-0.85). When assessing the fit of the model, the HosmerLemeshow test demonstrated P>0.05 denoting good model
594
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Table 1. Characteristics of derivation and validation cohorts.
Characteristics

Derivation N = 617
n (%)

Validation N = 379
n (%)

All patients N = 996
n (%)

40
263(43)
1(0.2)

42
176(46)
1(0.2)

41
439(44)
2(0.2)

86(14)
27(4)
10(2)
5(1)
12(2)
11(2)
24(4)
7(1)
14(2)
63(10)
40(6)
10(2)
3(0)
61(10)
9(1)

69 (18)
25(7)
38(10)
5(1)
5(1)
5(1)
13(3)
6(2)
4(1)
47(12)
25(7)
4(1)
1(0)
64(17)
14(4)

155(16)
52(5)
48(5)
10(1)
17(2)
16(2)
37(4)
13(1)
18(2)
110(11)
65(7)
14(1)
4(0)
125(13)
23(2)

560(91)

343(91)

903(91)

169(27)
240(39)
172(28)
14(2)
92(15)
153(25)
182(30)
337(55)
323 (52)
29(5)
17(3)
16(3)
53(9)
28(5)

94(25)
178(47)
175(46)
32(8)
50(13)
131(35)
94(25)
166(44)
149(39)
27(7)
24(6)
13(3)
66(17)
37(10)

263(26)
418(42)
347(35)
46(5)
142(14)
284(289)
276(28)
503(51)
472(47)
56(6)
41(4)
29(3)
119(12)
65(7)

87±17
131±32
79±12
97±2.9
21±7
36.6±0.7

87±18
136±20
80±12
97±2
20±4
36.5±0.7

87±17
134±28
80±12
97±2.7
21±6
36.5±0.7

Demographics
Age (median, years)
Male gender
Ethnicity (Mapuche)
Comorbidities
Hypertension
Diabetes
Obesity
Chronic kidney disease
Coronary cardiopathy
Heart failure
Immunosuppression
HIV
Active cancer
ACE inhibitors
Asthma
COPD
Pulmonary fibrosis
Smoking
Marijuana use
Disposition
Discharged home
Symptoms
Fever
Myalgias
Headache
Anosmia or dysgeusia
Dyspnea
Malaise
Rhinorrhea
Sore throat
Dry cough
Sputum
Nausea
Vomiting
Diarrhea
Abdominal pain
Vital signs
Heart rate (bpm), mean±SD
SBP (mmHg), mean±SD
DBP (mmHg), mean±SD
Oxygen Sat (%), mean±SD
RR (rpm), mean±SD
Temperature* (C°), mean±SD
PCR COVID-19
Positive
58(9)
69(18)
127(13)
*Temperature= Axillary temperature.
HIV, human immunodeficiency virus; ACE, angiotensin-converting-enzyme; COPD, chronic obstructive pulmonary disease; bpm, beats
per minute; SD, standard deviation; SBP, systolic blood pressure; mmHg, millimeters of mercury; DBP, diastolic blood pressure; RR,
respiratory rate; rpm, respirations per minute; C°, Celsius; PCR, polymerase chain reaction; COVID-19, coronavirus disease 2019.

fit. Because of the small number of patients with available
laboratory and imaging data, we were not able to create
Volume 22, no. 3: May 2021

a model with these variables as planned. We report their
univariate analysis in Table 2.
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Table 2. Univariate analysis of clinical variables as predictors of positive PCR COVID-19.
Variables
OR
95% CI
P-value

Sensitivity

Specificity

LR

0.50

0.58

1.19

Demographics
Age (per year)
Male gender

1.00
1.39

0.99 - 1.02
0.81- 2.39

0.362
0.228

2.01
1.98
1.64
2.45

1.14-3.56
0.95- 4.1
0.97- 1.1
0.94 - 2.9
0.5 – 11.8

0.016
0.068
0.276
0.083
0.262

0.36
0.17

0.78
91

1.64
1.81

0.45
0.03

0.66
0.98

1.45
2.4

0.96
2.99
2.90
3.08
1.96
5.76

0.51 – 1.80
1.72 – 5.18
1.69 – 5.08
1.76 – 5.42
1.12 – 3.41
1.86 – 17.82

0.903
<0.001
<0.001
<0.001
0.018
0.002

0.24
0.50
0.50
0.64
0.41
0.09

0.75
0.75
0.74
0.64
0.74
0.98

0.97
1.99
1.99
1.75
1.56
5.35

0.81
1.82
0.33
0.69
0.28

0.44 - 1.51
1.03 - 3.21
0.04 – 2.49
0.40 - 1.20
0.08 – 0.94

0.524
0.037
0.292
0.197
0.039

0.26
0.66
0.01
0.47
0.05

0.70
0.49
0.95
0.45
0.84

0.86
1.28
0.34
0.83
0.3

2.12
1.39
1.25
1.65

0.59 – 7.61
0.30 – 6.27
0.51 – 3.08
0.55 – 4.93

0.248
0.668
0.617
0.369

0.05
0.03
0.10
0.07

0.98
0.98
0.91
0.96

2.0
1.37
1.23
1.60

1.78
1.38
1
1.4
1
2.16

0.71 – 4.41
0.71 – 2.67
0.70 – 2.6
1.03 – 4.55

0.227
0.33
0.359
0.041

0.10
0.24
0
0.01
0
0.17

0.94
0.81
0.98
0.94
1
0.91

1.7
1.29
0.00
0.29
1.96

4.3

1.22-15.3

0.023

0.67

0.68

2.11

Other
Close contact†
ACE inhibitor use
Symptom onset (days)
Symptom onset ≥ 4 days
Obesity
General symptoms
Malaise
Fever at home
Febrile*
Myalgias
Headache
Anosmia or dysgeusia
Respiratory symptoms
Rhinorrhea
Dry cough
Productive cough
Sore throat
Dyspnea
Gastrointestinal symptoms
Nausea
Vomiting
Diarrhea
Abdominal pain
Vital signs
Temperature ≥ 38ºC
Heart rate > 100 bpm
SBP < 100 mmHg
DBP < 60 mmHg
RR > 20 rpm
Oxygen Sat < 95%
Imaging**
Abnormal chest radiograph
Laboratory***
Leukocytes > 12,000
0.17
0.02 – 1.5
0.117
0.12
0.55
0.28
LDH > 200
3.1
0.3 – 27
0.31
0.85
0.34
1.3
†
Close contact: defined as having been exposed to another person with a positive test starting two days before symptoms developed for at
least 15 minutes, contact with another person at less than three feet distance without the use of a mask, sharing a closed space (such as a
room or office) for more than one hour without a mask, slept in the same apartment or lived together in the same house.
*Febrile was defined as self-reported quantified fever (axillary temperature ≥38°C) at home or had an axillary temperature ≥ 38°C at any time
in the emergency department (ED).
**Based on 207 observations that had a chest radiograph ordered in the ED.
***Based on 78 observations that had laboratory test ordered.
PCR, polymerase chain reaction; COVID-19, coronavirus disease 2019; OR, odds ratio, CI, confidence interval; LR, likelihood ratio; ºC,
degrees Celsius; bpm, beats per minute; SBP, systolic blood pressure; mmHg, millimeters of mercury; DBP, diastolic blood pressure;
RR, respiratory rate; rpm, respirations per minute.

Prospective Validation
The discrimination power for the clinical model in the
validation cohort had an AUC 0.70 (95% CI, 0.61-0.75) and a
good fit (Hosmer and Lemeshow P-value = 0.943).
Western Journal of Emergency Medicine
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To make this information useful for clinical practice, we
created a weighted score (Table 4). For each point over 0, the rate
of PCR SARS-CoV-2 positivity increases significantly from 4%
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Table 5. PCR COVID-19 positivity by score category.

Table 3. Final prediction model.
Variable

Coefficient

OR (95%CI)

P

Anosmia or dysgeusia

2.3

9.7 (2.72 - 34.5)

<0.001

Febrile

1.3

3.63 (1.93 – 6.85)

<0.001

Myalgias

0.95

2.6 (1.39 - 4.89)

0.003

Close contact

0.90

2.47 (1.29 - 4.7)

0.006

Headache

0.67

1.95 (1.06- 3.58)

0.031

in the subgroup with 0 points to 80% for those with 8 points. For
cut-points at 4, 10 and 14 points the likelihood ratios were 1.4, 4.6
and 10, respectively. Thus, we further classified the score into four
categories. Its PCR COVID-19 positivity is shown in Table 5.
DISCUSSION
The most frequently reported symptoms among COVID-19
patients during their ED visit were dry cough, myalgias, and
fever. Despite anosmia and dysgeusia not being as frequently
reported as in other series (9% in our retrospective cohort and
20% in the prospective cohort vs up to 50% in other reports),
they were highly correlated with positive PCR test (likelihood
ratio 5.5).6,9 We believe that the higher frequency observed in
our validation cohort is consistent with an increasing awareness
of these symptoms in both medical and lay communities over
time as the pandemic unfolded in Chile. The same phenomenon
might explain the lower prevalence of gastrointestinal
symptoms in our cohort as compared with international data.
Studies to date have focused on confirmed hospitalized cases
and on prognostic factors for adverse outcomes during hospital
stay.10-13 Fewer studies have described the characteristics of
patients assessed for suspicion of COVID-19 in the ED and other
ambulatory settings. Moreover, the latest have been reliant on
laboratory and imaging data, while a few models incorporating
signs and symptoms have not been prospectively validated.14-19
Our model includes symptoms and risk factors for
COVID-19 infection that have been described as frequent
among patients with COVID-19 infection.7 However, none of
these alone had a likelihood ratio that would allow crossing
the testing threshold, except for anosmia or dysgeusia and an

Variables

Points

Anosmia or dysgeusia

8

Febrile

4

Myalgias

3

Close contact

3

Headache

2

Dry cough

2

Volume 22, no. 3: May 2021

PCR SARS-CoV-2
Positive, n (%)

Low risk (0 - 4 pts)

429

24(5.3)

Intermediate risk (5 - 9 pts)

433

59(14)

High risk (10 – 13 pts)

78

25(32)

Very high risk ( ≥14 pts)

32

19(59)

All patients
996
127 (13)
PCR, polymerase chain reaction; COVID-19, coronavirus
disease 2019.

Dry cough
0.66
1.93 (1.02 – 3.64) 0.040
N = 617, LR chi2 = 56.94, Prob > chi2 = < 0.001, Pseudo R2 = 0.15.
OR, odds ratio; CI, confidence interval.

Table 4. Final scores.

All, n

Score categories

abnormal CXR. In our study, however, anosmia or dysgeusia
were not frequently reported. Moreover, the influence of
CXR results may have been exaggerated in our study because
imaging is not frequently performed in low-acuity patients
in our ED and was obtained only at emergency physician
discretion during the study period.
Whereas individual symptoms, signs, and results of readily
available testing may lack accuracy in predicting infection with
COVID-19, in aggregate they might inform decision-making
with respect to the utilization of PCR testing and ED discharge
planning. Although models that include imaging or laboratory
findings perform better, our clinical-only model could be very
helpful for a low-acuity cohort of patients who under normal (prepandemic) circumstances would not receive any testing in the ED.
In this group of patients, it might help us improve throughput by
reducing the need for laboratory testing and imaging. Moreover,
such a tool could be key for decision-making in periods of the
pandemic when testing was unavailable or very limited.
Because patients in the derivation cohort presented early in
the course of the pandemic in Chile, we expected a much higher
rate of COVID-19 positive patients in the validation cohort.
This higher rate of COVID-19 positive patients in the validation
cohort might explain the decrease in the discriminatory power of
the model. However, the increasing rate of positive cases for each
cut-point of the simplified score in both cohorts is consistent.
LIMITATIONS
We identify four potential limitations. First, we included all
patients visiting the ED who had a COVID-19 test performed to
be able to extrapolate the findings to a broader cohort, including
those who were admitted. However, this strategy might also
have blurred the true relationship between the outcome and the
variables, affecting its performance. Children are more likely
to be asymptomatic than adults, while elderly and admitted
patients who visit the ED with more severe disease may
report only the severe symptoms such as dyspnea and chest
discomfort. This might contribute to a diminished accuracy of
the score for middle-aged, ambulatory patients.
Second, we used a unique SARS-CoV-2 PCR as the gold
standard at the time of ED visit, which has been criticized for its
limited sensitivity. To investigate the impact of potential false
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negative tests on our results, we calculated the rate of negative
to positive conversion in the proportion of patients who were
tested again during the following month. About 1% of admitted
and ambulatory patients converted at follow-up. Although
the minority of all ambulatory COVID-19 negative patients
had a repeated test, we believe that because all our patients
had symptoms at the time of testing, we probably tested them
at the peak of the sensitivity curve and thus the rate of false
negative tests was not significant. Moreover, more than 50%
of patients with repeated testing in the ambulatory setting that
turned positive were tested more than 14 days after the initial
encounter, and presented with new symptoms, suggesting a new
infection rather than reflecting an initial false positive.
Third, although we aimed to include imaging and
laboratory results as part of a second model, we failed to
include these variables because of the small sample size and
did not externally validate the model in other clinical settings
outside our institution. Lastly, our study was performed during
a period of time where SARS-CoV-2 was the predominant
circulating virus in our community. Thus, a validation during
influenza season would be required to extrapolate these results
to a time period when other seasonal viruses start to circulate.
CONCLUSION
Our clinical prediction instrument demonstrated the ability to
predict a positive SARS-CoV-2 PCR in patients presenting to
the ED with flu-like or cold symptoms with moderate accuracy.
Such a tool could be used to assist with patient disposition in
environments where COVID-19 tests or timely results are not
readily available.
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Introduction: In early March 2020, coronavirus 2019 (COVID-19) spread rapidly in New York
City. Shortly thereafter, in response to the shelter-in-place orders and concern for infection,
emergency department (ED) volumes decreased. While a connection between severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and hyperglycemia/insulin
deficiency is well described, its direct relation to diabetic ketoacidosis (DKA) is not. In this study
we describe trends in ED volume and admitted patient diagnoses of DKA among five of our
health system’s EDs, as they relate to peak SARS-CoV-2 activity in New York City.
Methods: For the five EDs in our hospital system, deidentified visit data extracted for routine
quality review was made available for analysis. We looked at total visits and select visit
diagnoses related to DKA, across the months of March, April and May 2019, and compared
those counts to the same period in 2020.
Results: A total of 93,218 visits were recorded across our five EDs from March 1–May 31, 2019.
During that period there were 106 diagnoses of DKA made in the EDs (0.114% of visits). Across
the same period in 2020 there were 59,009 visits, and 214 diagnoses of DKA (0.363% of visits)
Conclusion: Despite a decrease in ED volume of 26.9% across our system during this time
period, net cases of DKA diagnoses rose drastically by 70.1% compared to the prior year. [West
J Emerg Med. 2021;22(3)599-602.]

INTRODUCTION
The coronavirus 2019 (COVID-19) pandemic began
to impact visits to our system’s New York City emergency
departments (ED) in March 2020. The city’s first case was
detected at our New York City ED on March 1. Case rates rapidly
rose across the city; on March 12 mass gatherings in NYC
were restricted, and on March 20 a “shelter-in-place” model
was ordered by the governor.1 By April 6, COVID-19 cases
peaked, and they have steadily decreased since.2 As public health
measures went into effect, ED visits at our system’s EDs dropped
significantly, and they have only recently started rising again.

Volume 22, no. 3: May 2021

COVID-19 has many pathologic manifestations. One
difficult-to-manage aspect of severe COVID-19 infections is
uncontrolled hyperglycemia and diabetic ketoacidosis (DKA).3
Patients with a history of diabetes mellitus (DM) are also at
increased risk for mortality;4 DM was shown to be the leading
risk factor among chronic medical conditions along with
cerebrovascular disease for COVID-19 mortality.5 In several
retrospective studies, uncontrolled hyperglycemia has been
associated with worsening mortality,3 and recent consensus
guidelines support the importance of glycemic control.6, 7 An
exact pathophysiology for this phenomenon has not been
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elucidated, although several theories exist. Elevated glucose
levels in pulmonary secretions are thought to suppress antiviral
immune response. Furthermore, it is possible that exposure of
pulmonary epithelial cells to elevated glucose concentrations
increase viral replication, as it does for influenza.4 In this study
we present retrospective findings from our own institution’s
EDs that support the theory that COVID-19 infection is
associated with a notable increase in concomitant DKA.
METHODS
The hospital system’s EDs include academic and
community-oriented facilities in a diverse urban environment
and see over 500,000 visits a year across three boroughs in
New York City. Five of these EDs are on a shared electronic
health record system (Epic Systems Corporation, Verona, WI).
For these EDs, deidentified visit data extracted for routine
quality review was made available for analysis. The data
was initially part of a quality assurance/quality improvement
project and did not require institutional review board approval.
We looked at total visits, and select visit diagnoses related to
DKA, across the months of March, April, and May 2019 and
compared those counts to the same period in 2020.

Across the same period in 2020 there were 59,009 visits, and
214 diagnoses of DKA (0.363% of visits). Figure 1 compares
the timeline of the NYC COVID-19 pandemic based on
weekly hospitalizations as reported by the Department of
Health to the observed rise in DKA visits in that same time
period and compares this to DKA rates in 2019. Figure 2
displays percent change in cumulative DKA visits (what
change in percent of total 2019 DKA rates was observed in
2020) compared to cumulative percent change in ED visit
volume (what change in percent of total 2019 ED visits was
observed in 2020). This is displayed against weekly DKA visit
rates in 2019 and 2020.
DISCUSSION
Shortly after March 1, 2020, the number of ED visits
with a diagnosis of DKA began to increase across our
system’s EDs, compared to the year prior. Even as daily
ED visits began to drop in late March, the rate of ED DKA
visits rose. This increased rate was noted throughout the
period reviewed. By mid-May 2020, although ED visits were
approximately one-third of those in 2019, net diagnoses
of DKA approximately doubled. Similar to these findings,
other authors have pointed out a correlation that suggests
COVID-19 can precipitate DKA in many patients.
Several theories may explain the observed growth in
DKA diagnoses during this period. Beyond physiologic
mechanisms, this rise in DKA could simply represent the

# of DKA Cases Weekly

# of Weekly DOH COVID Hospitalizations

RESULTS
A total of 93,218 visits were recorded across our five EDs
from March 1–May 31, 2019. During that period there were
106 diagnoses of DKA made in the EDs (0.114% of visits).

Ditkowsky et al.

Date Range
2020 Weekly DOH Covid Hospitalizations

2019 DKA Sum Weekly

2020 DKA Sum Weekly

Figure 1. New York City weekly COVID-19 hospitalizations vs visits for diabetic ketoacidosis, 2019 vs 2020.
DOH, Department of health; DKA, diabetic ketoacidosis.
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Percent Change
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Date Range
Change in Cumulative ED Visits in 2020 Compared to 2019

Change in Cumulative DKA Visits in 2020 Compared to 2019

Figure 2. Percent change in both emergency department visits and visits for diabetic ketoacidosis between 2020 and 2019.
ED, emergency department; DKA, diabetic ketoacidosis.

inability for diabetic patients to get insulin prescriptions
during the public health emergency; many clinics were
not able to meet regularly with patients. However, given
the association between severe COVID-19 infections,
hyperglycemia, and a history of DM, it is reasonable
to suspect patients may present with concomitant DKA
disproportionately to other disease states. Similar to
other acute infections, COVID-19 infections are not only
worsened by hyperglycemia, but associated with increased
incidence of hyperglycemia.8 This may be a consequence
of stress hyperglycemia from release of counter-regulatory
hormones.9 COVID-19 is also associated with a relative
insulin deficiency due to pancreatic islet cells’ ACE2 receptor,
which may allow viral entry to pancreatic parenchyma
leading to islet cell damage.10 The combination of worsened
serum glucose with relative insulin deficiency may lead to an
increased incidence of DKA in COVID-19 infected patients.
Given a likely shortage of intensive care unit (ICU)
beds globally as a result of COVID-19, including in the
United States, clinicians will need to use healthcare resources
judiciously.11 It may be necessary to find alternate treatment
strategies for treating DKA to help preserve these resources,
as management often necessitates ICU level of care. Further
analysis of ED visits will involve correlating DKA visits with
Volume 22, no. 3: May 2021

COVID-19 test results, as well as an assessment of DKA
severity and inpatient course.
LIMITATIONS
This was a retrospective study that indicates a correlation
between DKA visits and the COVID-19 pandemic; however, no
causation can be established. Other factors during this period
such as limited patient access to clinics may have impacted
rates of DKA. The study is also geographically limited in
nature, and further study will be needed to definitively state the
trend is applicable to other localities. Additionally, data prior to
2019 was not available for review as additional EDs within our
system were not using a shared electronic health record, leading
to a temporally limited study. We were unable to assess direct
rates of concomitance of COVID-19 infection and DKA.
CONCLUSION
Despite a decrease in ED volume of 26.9% across our
health system during the COVID-19 pandemic in New
York City, net cases of diabetic ketoacidosis diagnoses rose
drastically by 70.1% compared to the prior year. Although
further study is needed, these findings may indicate a direct
relationship between COVID-19 infection and risk of
developing DKA.
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Introduction: Emergency department (ED) attendances fell across the UK after the ‘lockdown’ introduced
on 23rd March 2020 to limit the spread of coronavirus disease 2019 (COVID-19). We hypothesised
that reductions would vary by patient age and disease type. We examined pre- and in-lockdown ED
attendances for two COVID-19 unrelated diagnoses: one likely to be affected by lockdown measures
(gastroenteritis), and one likely to be unaffected (appendicitis).
Methods: We conducted a retrospective cross-sectional study across two EDs in one London hospital
Trust. We compared all adult and paediatric ED attendances, before (January 2020) and during lockdown
(March/April 2020). Key patient demographics, method of arrival, and discharge location were compared.
We used Systemised Nomenclature of Medicine codes to define attendances for gastroenteritis and
appendicitis.
Results: ED attendances fell from 1129 per day before lockdown to 584 in lockdown, 51.7% of prelockdown rates. In-lockdown attendances were lowest for under-18s (16.0% of pre-lockdown). The
proportion of patients admitted to hospital increased from 17.3% to 24.0%, and the proportion admitted
to intensive care increased fourfold. Attendances for gastroenteritis fell from 511 to 103, 20.2% of prelockdown rates. Attendances for appendicitis also decreased, from 144 to 41, 28.5% of pre-lockdown rates.
Conclusion: ED attendances fell substantially following lockdown implementation. The biggest reduction
was for under-18s. We observed reductions in attendances for gastroenteritis and appendicitis. This may
reflect lower rates of infectious disease transmission, although the fall in appendicitis-related attendances
suggests that behavioural factors were also important. Larger studies are urgently needed to understand
changing patterns of ED use and access to emergency care during the coronavirus 2019 pandemic. [West
J Emerg Med. 2021;22(3)603–607.]

INTRODUCTION
The emergence of COVID-19 and subsequent ‘lockdown’
introduced by the British Government on 23rd March 20201 had
Volume 22, no. 3: May 2021

a substantial impact on emergency department (ED) attendances.
Total ED attendances in England in March 2020 fell by 29.4%
year-on-year.2 The reasons for this change in ED activity are
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likely to be multifactorial. To reduce pressure on EDs, patients
were instructed to seek advice from online resources and
National Health Service (NHS) telephone services. The closure
of schools and workplaces is likely to have led to a reduction
in the spread of infectious diseases.2 Reductions in organised
sports and recreational activity have previously been linked to
reductions in physical injuries.3 It is suggested that reductions in
children attending EDs reflect parents’ concerns about acquiring
nosocomial COVID-19.4 Several authors have highlighted the
potential for collateral damage from lockdowns, with patients
deterred from seeking help for serious injuries and illnesses at
risk of poorer outcomes.5,6
We hypothesised that the impact of the first nationwide
lockdown on ED attendance would vary by patient demographics
and clinical reason for attendance. We have proposed causal
pathways leading to changes in ED attendances and hospital
admissions. These are summarised in Figure 1. Using a snapshot
of ED data, we examined the number of pre- and in-lockdown
ED attendances for two COVID-19 unrelated diagnoses:
• Gastroenteritis – an infectious disease which we would
expect to be affected by lockdown measures.
• Appendicitis – an acute disorder which we would expect to
be largely unaffected by lockdown measures.
METHODS
Emergency department attendance information was
provided by the NHS Trust data warehouse team. Information
included patient information: age, gender, ethnicity, residential
partial postcode, arrival mode at ED, destination at discharge
and Systemised Nomenclature of Medicine Clinical Terms

Honeyford et al.
(SNOMED-CT)7 diagnostic codes. At the hospital Trust sites,
diagnostic codes are entered by the treating ED clinician
immediately after conducting a clinical assessment. The
code is based on their clinical impression from history and
examination, blood tests and, where applicable, specialist
imaging investigations. Data was extracted from the ED part of
the electronic health system (Cerner Corporation) by the Trust
data management team and transferred as a table into a secure
analysis environment.
We selected a four-week period (6th January 2020–2nd
February 2020) as the pre COVID-19 phase and a four-week
period (23nd March 2020–19th April 2020) as the in-lockdown
period. We included all ED attendances (children and adults). We
compared ED attendances based on patient demographics, and
we compared attendances for gastroenteritis and appendicitis,
using the SNOMED-CT codes in Appendix 1 to define the
study population, in total and by age, to assess examples of one
diagnosis likely to be affected and one diagnosis unlikely to be
affected by lockdown measures. Differences were assessed using
chi-squared test. Analysis was done in R version 3.60 (The R
Project for Statistical Computing, Vienna, Austria). This study
was granted service evaluation approval through Imperial College
London NHS Trust (Ref:228). Patients or the public were not
involved in the design, or conduct, or reporting, or dissemination
plans of our research.
RESULTS
There were 31,624 ED attendances in the pre-lockdown
period and 16,355 in-lockdown, a reduction from 1129
attendances a day pre-lockdown, to 584 a day in-lockdown.

Figure 1. Conceptual framework for changes in emergency department attendance associated with ‘lockdown’ for conditions unrelated
to COVID-19.
ED, emergency department.
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Gastroenteritis and Appendicitis Attendances Pre- and Inlockdown
Pre-lockdown, there were 511 attendances with a
gastroenteritis code, 1.62% of all attendances, compared to
103 attendances in-lockdown, 0.61% of the total. Total ED
attendances with an appendicitis code also decreased over
the study period, from 144 (0.46% total) to 41 (0.24% total).
Attendances for gastroenteritis in-lockdown were 20.2% of
pre-lockdown, compared to 28.5% for appendicitis. While a
similar proportion of patients with gastroenteritis were directly
discharged home in both time periods (84% before lockdown
compared to 83% in lockdown), we observed a threefold increase
in discharge rates among patients with appendicitis following
lockdown implementation (13% compared to 34%).

Arrivals in ambulances accounted for 61.2% attendances preand 51.7% in-lockdown. As a proportion of pre-lockdown
attendances, in-lockdown attendances were lowest for under-18s
(16.0%) and highest for patients aged 40-60 (76.7%). Male and
Asian patients made up a higher proportion of in-lockdown than
pre-lockdown attendances. This was also true for patients from
postcodes considered the primary catchment for the Trust (77%
pre-lockdown and 80% in-lockdown). Pre-lockdown, 17.5%
of ED attendances resulted in admission to inpatient wards or
intensive care units (ICU), compared to 24.4% in-lockdown.
Following lockdown implementation, 4% of admitted patients
were admitted directly to ICU, compared to 1% pre-lockdown.
Changes in attendances were deemed statistically significant
(P<0.0001, chi-squared test). Results are summarised in Table 1.

Table 1. Characteristics of patients attending two emergency departments in one hospital Trust in North West London.
Pre-lockdown
Time period
Total number of attendances
Male

In-lockdown

n (% of all attendances)

n (% of all attendances)

as % of pre-lockdown attendance

31,624

16,355

51.7%

15,359 (48.6%)

8,870 (52.9%)

57.8%

0-18

7,054 (22.2%)

1,131 (6.8%)

16.0%

18-40

8,412 (26.6%)

4,865 (29.0%)

57.8%

40-50

3,073 (9.7%)

2,368 (14.1%)

77.1%

50-60

3,616 (11.4%)

2,702 (16.1%)

74.7%

Age

60-70

2,922 (9.2%)

1,868 (11.1%)

63.9%

70-85

4,563 (14.4%)

2,797 (16.7%)

61.3%

1,984 (6.3%)

1,034 (6.2%)

52.1%

7,704 (24.4%)

3,787 (22.6%)

49.2%

12,576 (39.8%)

6,342 (38.8%)

50.4%

Black or Black British

4,256 (13.5%)

2,239 (13.7%)

52.6%

Asian

1,499 (4.7%)

1,208 (7.2%)

80.6%

Not stated

3,445 (10.9%)

2,154 (12.9%)

62.5%

Not known

547 (1.7%)

594 (3.5%)

108.6%

Catchment area

24,568 (77.7%)

13,467 (80.3%)

54.8%

Arrival by ambulance

19,340 (61.2%)

7,972 (51.70%)

41.2%

20,935 (66.2%)

10,930 (66.8%)

52.2%

Admitted to hospital

5,463 (17.3%)

3,921 (24.0%)

71.8%

Other hospital care2

3,945 (12.5%)

798 (4.9%)

20.2%

Mortuary

38 (0.1%)

69 (0.4%)

181.6%

Missing

259 (0.8%)

619 (3.7%)

239.0%

Gastroenteritis

511 (1.6%)

103 (0.6%)

20.2%

Appendicitis

144 (0.5%)

41 (0.3%)

28.5%

85+
Ethnic group
Any other ethnic group
White

Discharge destination
Home1

Disease profile

Home includes nursing and residential care homes.
Other hospital care includes ambulatory care centre and short stay wards.
P<0.0001 for all pre- vs in-lockdown comparisons.
1
2
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Changes in attendances for both diseases varied with age.
We observed the most significant reduction in attendances with
gastroenteritis amongst children and young people and patients
aged over 60.

appendicitis-related admissions.8 However, this cannot explain the
reduction in ED attendances with appendicitis to less than onethird of pre-lockdown levels, as there was no concurrent change
in advice to primary care practitioners and patients regarding
appendicitis during this time.

DISCUSSION
In line with national data,2 we found that overall ED
attendances almost halved since the introduction of lockdown.
Similar to other reports,6,8 the impact of the lockdown on ED
attendance rate was greatest in the under-18’s, suggesting
changes in parental health-seeking behaviour. Following
lockdown implementation, a higher proportion of ED patients
required hospital admission, and there was a fourfold increase
in the proportion admitted directly to ICU. These changes may
reflect patients attending with more serious conditions, severe
COVID-19 and/or the increase in ICU capacity. In contrast, for
patients with appendicitis there was a reduction in admissions,
which was likely due to a change in clinical management to
antibiotics during this time.9
We hypothesised a reduction in gastroenteritis-related
attendances following lockdown implementation due to reduced
interpersonal contact and spread of infectious diseases. The
results show that attendances in-lockdown fell to one-fifth of
pre-lockdown rates. A reduction in ED attendances for specific
infectious diseases has been described in England2 and Italy.10
However, the decrease in attendances for appendicitis suggests
that reduced transmission alone cannot explain the reduction in
ED attendances seen after lockdown.
LIMITATIONS
Not all of the differences we have reported are attributable
to lockdown. Seasonal variations are seen in a range of infectious
diseases, including gastroenteritis. However, seasonal variations
alone are unlikely to account for our findings as nationally
published data for this hospital Trust suggest April attendances in
2019 were only 5% lower than January 2019.11 Gastrointestinal
(GI) symptoms are seen in around 15% of children and adults
with confirmed SARS-CoV-2 infection.12 As such, patients with
COVID-19 presenting with fever and prominent GI symptoms
may be wrongly diagnosed with gastroenteritis, confounding
our in-lockdown results. We did not exclude these presentations
as we did not know patients’ motivations for attending ED, and
testing policy evolved over the study period. Nonetheless, we
feel this confounding effect is unlikely to have had a substantial
bearing on our results as we observed a fourfold reduction
in gastroenteritis attendances during the in-lockdown period.
Indeed, if large numbers of patients with GI symptoms secondary
to COVID-19 were wrongly labelled as having infectious
gastroenteritis, we may have underestimated the extent of the fall
in ED attendances for gastroenteritis across the study period.
Treatment pathways have changed during the pandemic
as hospitals have sought to minimize non-emergency surgery.
This includes an increase in the management of uncomplicated
appendicitis with oral antibiotics possibly explaining the fall in
Western Journal of Emergency Medicine

CONCLUSION
We have developed a conceptual causal framework
proposing various factors which may lead to lower ED
attendances during the COVID-19 pandemic. These factors
include deterred care seeking due to fears of acquiring infection
in hospital settings and patients seeking health advice from other
services. Future studies, using larger, more generalisable data
from across whole healthcare systems must aim to untangle the
relative contributions of these different factors and ensure that
sick patients have timely and equitable access to emergency care.
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Imperial County is in southern California, one of the state’s two counties at the international United
States-Mexico border. The county is one of the most resource-limited in the state, with only two
hospitals serving its 180,000 citizens, and no tertiary care centers. A significant portion of the
population cared for at the local hospitals commutes from Mexicali, a large city of 1.2 million persons,
just south of Imperial County’s ports of entry. Since May 2020, following an outbreak in Mexicali,
Imperial County has seen a significant increase in the number of COVID-19 patients, quickly outpacing
its local resources. In response to this surge an alternate care site (ACS) was created as part of a
collaboration between the California State Emergency Medical Service Authority (EMSA) and the
county. In the first month of operations (May 26–June 26, 2020) the ACS received 106 patients with an
average length of stay of 3.6 days. The average patient age was 55.5 years old with a range of 19-95
years. Disposition of patients included 25.5% sent to the emergency department for acute care needs,
1.8% who left against medical advice, and 72.7% who were discharged home or to a skilled nursing
facility. There were no deaths on site. This study shares early experiences, challenges, and innovations
created with the implementation of this ACS. Improving communication with local partners was the
single most significant step in overcoming initial barriers. [West J Emerg Med. 2021;22(3)608–613.]

INTRODUCTION
Coronavirus disease 2019 (COVID-19) has created an
unprecedented set of medical challenges across the United
States that has strained the resources of communities differently.
Imperial County is a county in southern California, bordering
Mexico. As of early May 2020, there was a significant increase
in COVID-19 cases in Mexico and Imperial County. At the
time, 25% of COVID-19 tests were positive, representing
834 per 100,000 residents. This was the largest populationadjusted surge in the state of California.1 In response to this
overwhelming surge in the healthcare system a request from
the county was sent to the State of California for additional
resources. An Alternate Care Site (ACS) was created as part of
a collaboration between the California state Emergency Medical
Service Authority (EMSA) and Imperial County. The Imperial

Western Journal of Emergency Medicine

County ACS opened on May 25, 2020. This article shares the
early experiences with the development of this ACS.
About Imperial County
Imperial County is bordered in the US by San Diego,
Riverside, and Yuma Counties. It is the poorest county in
California, and has approximately 180,000 citizens per the
2010 US census. In 2018 the median household income
in Imperial County was $45,834, significantly lower than
California’s median income ($71,228).2 Mexicali is the
capital of the state of Baja California in Mexico; it is a city of
approximately 1.2 million people along the southern border of
Imperial County (Figure).
This border with Mexico represents the fourth busiest
pedestrian crossing in the US, with approximately 50,000
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Figure. Map of Imperial County in southern California and surrounding geography.

individuals passing back and forth daily through three land
ports of entry, outside of the COVID-19 pandemic limitations.3
A significant number of workers live in Mexico and commute to
the US regularly. It is estimated that 10-20% of the population
of Mexicali can legally cross the border under the essential
worker limitation, approximately 120,000-360,000 persons.
Those crossing under these circumstances must be US citizens
or lawful permanent residents. At the time of publication, there
was no screening or evaluation of COVID-19 at the port of
entry. At the time this article was written, Imperial County was
a priority in California regarding COVID-19 due to the rapidly
increasing numbers of cases, proximity to the outbreak in Baja
California, and its resource limitations.
There are two hospitals in Imperial County: El Centro
Regional Medical Center (licensed for 161 beds), and Pioneers
Memorial Healthcare District (licensed for 107 beds). There are
no tertiary care centers within the county – no trauma center,
no cardiac catheterization lab, and no stroke center. There is
one private EMS 911 transporting agency, and several firstresponder public fire departments, most do not transport 911
call patients. There are two air ambulance providers, which
are heavily used due to the resource limitations of the county
and the number of high-acuity patients. The county routinely
collaborates with many state and federal partners including US
Customs and Border Protection, US Border Patrol, and land
management agencies.
Alternate Care Sites (ACS)
Alternate care sites is a broad term for temporary sites that
are intended to decompress existing healthcare infrastructure
by caring for low-acuity patients. These sites are important
options to manage medical surge after acute care hospitals
Volume 22, no. 3: May 2021

have maximized their capacity and capabilities. There are
both federal and state guidelines for ACS creation, but the
important underlying theme is that an ACS is adaptive to
the disaster scenario and the available resources.4,5 Many
different models of ACS have been described.4-8 In the case of
influenza pandemics, ACS can be useful in providing hospital
overflow, patient isolation, expanded ambulatory care, care
for recovering non-infectious patients, limited supportive
care for non-critical patients, primary triage, and rapid patient
screening or quarantine.6,7 Several paradigms advocate for
ACS to function as an extension of a supporting hospital, once
the hospital exceeds its capacity. In this situation, facilities
should not serve as the initial destination for disaster patients
as these facilities may lack the appropriate emergency
resources. The components of ACS include structure
(facilities), stuff (supplies and equipment), staff (personnel),
and systems (integrated management policies and processes).8
Objective
The authors of this workgroup represent a variety of
stakeholders who were involved in the operations, logistics,
planning, and clinical care of patients at the Imperial
County ACS. The objective of this study was to shares early
experiences, challenges, and innovations created with the
implementation of this ACS.
METHODS
Site Selection
In Imperial County, the site selected for an ACS was a
gymnasium at a local community college, the Imperial Valley
College. The site was selected after an assessment conducted by
the US Army Corps of Engineers including medical planners,
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structural, electrical, and civil engineers. The ACS was initially
planned as a subacute facility for hemodynamically stable
patients with no needs for continuous monitoring, or potential
acute decompensation. The facility was set up with supplies
from a federal medical cache intended for a skilled nursing
facility (SNF) and long-term care facility patients. Patient cots
were set up in a large, single room. The overall strategy was to
create a facility to offload stable COVID-19 patients and allow
hospitals to focus their resources on those with higher acuity
medical needs. Given the recent spread of COVID-19 among
congregate living sites, such as assisted living facilities, SNFs
and multigenerational households, another potential use for
the ACS was to quarantine COVID-19 patients to minimize
community spread.

criteria. The ACS was available to admit individuals from the
two local acute care hospitals as well as licensed SNFs and
congregate living facilities.
For potential admissions, the hospital inpatient or
emergency department (ED) teams identified patients fulfilling
the ACS criteria. A hospital case manager/discharge planner
then called the ACS charge nurse to discuss the patient, and
if the patient was approved, both a physician-to-physician
and nurse-to-nurse sign-out was completed prior to transfer.
Patient transport was done through the local and regional
transport agency transfer center. Patients arrived with filled
prescriptions for home medications and durable medical
equipment. On arrival to the ACS, patients received an
orientation tour and an identification band, and they were
required to sign an ACS agreement. Through a state contract,
two of the private agency ambulances were assigned to the
ACS to facilitate transfers from the hospitals, and to assist in
rapid response for potential patient deterioration within the
ACS. The table lists the criteria for transfer to the ED.

Supplies/Equipment
The facility was able to provide intravenous fluids, lowflow oxygen, and a limited pharmacy formulary. The following
resources were not available: single room settings; negative
pressure airflow treatment areas; continuous monitoring; or
discharge planning. Laboratory services were arranged with both
local hospitals on an as-needed basis for patients discharged from
those respective facilities. Labs were drawn by ACS medical staff
and immediately brought to the hospitals for processing. This
allowed for the option of more extensive laboratory services than
would have been provided by point-of-care lab testing.
The supplies for our ACS were sourced from federal
medical stations (FMS) managed by the Division of Strategic
National Stockpile (DSNS), which has rapidly deployable
caches containing beds, supplies, and basic medical
equipment.9-10 The FMS supplies were augmented by medical
and pharmaceutical supplies obtained from the state of
California Emergency Medical Services Authority.
Electrical requirements of the ACS were significant
to support multiple biomedical devices running 24 hours
a day. The ACS’ need exceeded the initial set-up, and an
outside power source from diesel generators was added, with
supplementary wiring placed into the COVID patient care area.
Staff (Personnel)
The initial staffing of the ACS included physicians, advanced
practice providers, nurses, pharmacists, paramedics, and
emergency medical technicians (EMT). Staffing was supplied
through the California Medical Assistance Team (CAL-MAT)
program; CAL-MAT is modeled after the federal Disaster
Medical Assistance Team. It is based on a volunteer system that is
developed and managed by EMSA. Incident command structure
was used for personnel management and chain of command.
ACS Admission Process
Given these resource limitations, the patients selected had
to be at low risk for decompensation and semi-ambulatory, ie,
able to perform the majority of activities of daily living with
minimal assistance. The table lists the inclusion and exclusion
Western Journal of Emergency Medicine

RESULTS
In the first month of operations (May 26–June 17, 2020),
the ACS received a total of 106 patients. Of those patients,
54 (50.9%) were male and 52 (49.0%) were female. The
average patient age was 55.5 years old with a range of 19-95
years. The most common comorbidities were hypertension
(35, 33.0%) and diabetes (39, 36.8%). The average length
of stay was a mean of 3.47 days and median of 3 days. The
longest length of stay was 16 days. Twenty-seven patients
were transferred to the ED (25.5%) for evaluation, with
chief complaints ranging from hypotension to worsening
hypoxia. Disposition of remaining patients included 1.8% of
patients who left against medical advice and 72.7% who were
discharged home or to SNF. There were no deaths on site.
DISCUSSION
Preliminary Challenges and Solutions
Patient Admission
A crucial step after the logistics of establishing an ACS
is the recruitment of eligible patients to the new resource
from the community. The ACS medical site director
contacted local hospital ED and inpatient teams to advocate
for the use of the facility. There were two main types of
patients targeted: 1) the COVID-19 infected patient admitted
to the acute care hospital who was improving but had a
continuing oxygen requirement; and 2) the patient with a
new COVID-19 diagnosis with a stable oxygen requirement.
During the first month of operation, the facility reached a
maximum occupancy of 20 patients. At the time this article
was written, there was a growing influx of patients as the
surge in the county continued and local hospitals became
increasingly aware of the ACS capabilities.
In the first month of operations, a total of 106 patients were
seen at the ACS with an average length of stay of 3.6 days. This
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Table. Alternate care site (ACS) inclusion, exclusion and immediate transfer to emergency department (ED) criteria.
Inclusion criteria for ACS admission

Exclusion criteria for ACS admission

Criteria for immediate transfer to the ED

•
•

Age > 18 years old
• Undifferentiated, potentially life• Acute change in oxygen requirement
COVID positive by nasopharyngeal
threatening conditions (eg, chest pain,
and/or requirement of 6 LPM of
swab within the past month
renal insufficiency)
oxygen for more than one hour, or
• If pregnant, < 20 weeks, and an
• Need for recurrent/frequent lab testing
any requirement of more than 6 LPM
uncomplicated pregnancy
(excluding blood glucose monitoring)
• Chest pain or shortness of breath that
• Hemodynamically stable in the last
• Behavioral
is new or above the patient’s baseline
24 hours, or as approved by an ACS
• Severe dementia, delirium or history • Increased work of breathing even in
physician.
of sun-downing
the absence of subjective shortness
• Systolic blood pressure > 90 mm
• Acute mental disease
of breath
Hg and < 160 mm Hg
• Active substance abuse
• Respiratory rate over 30 breaths per
• Diastolic blood pressure > 60 mm
• Smoking, vaping (nicotine
minute
Hg and < 110 mm Hg
replacement ok)
• Any new neurological symptoms
• Pulse oximetry > 92% or back to
• Hemodialysis unless logistics are
with the exception of generalized
the patient’s prior baseline. Site is
established, without increased resource
weakness, mild dizziness or mild
capable of 6 liters per minute (LPM)
need.
headache
O2 by nasal cannula
• Individual isolation (eg, varicella, C.
• Any trauma requiring evaluation
• Heart rate > 60, and < 110 beats
difficile, MRSA open wound)
• Any other expected change or
per minute
• Aerosolizing devices such as CPAP/
deterioration in condition
• Behavioral
BiPAP, suctioning, oxygen over 15 LPM
• Cooperative and oriented
non-rebreather
• Able to communicate with medical
• Need for vital signs more often than
staff
every 4 hours for 24 hours
• Aware and agrees to ACS
• Animals
conditions
• Functional
• Self-feeding
• Able to get up and ambulate with no
more than 1 person assist
• Low safety risk (falls, wandering,
elopement)
• Able to adhere to rules and be
respectful to other patients
• No significant rehabilitation needs
• Minor to moderate wound care
• Heparin lock for IV medications – will
leave in for 24 hours
ACS, alternate care site; mm Hg, millimeters mercury; MRSA, methicillin-resistant Staphylococcus aureus; CPAP/BIPAP, continuous
airway pressure/bi-level positive airway pressure.

resulted in nearly 300 extra hospital-bed-days of availability
to the local county. The success of the program overall, as
indicated by patient enrollment, was a product of frequent
communication with local hospitals and EDs. Leadership at
the ACS regularly advertised their services with local hospitals
and continually incorporated feedback as to which services and
resources would make the ACS useful to the community.
Patients Under Investigation (PUI)
Patients under investigation (PUI) are probable cases with
absent or inconclusive laboratory results for COVID-19. These
patients were required to have a clinical toxidrome consistent
with COVID-19 infection, and findings that also suggested
infection. Several patients admitted to the ACS were PUIs,
which resulted in a potential exposure risk to themselves,
if these patients did not have COVID-19. These PUIs were
Volume 22, no. 3: May 2021

placed in a well demarcated corner of the open facility, near
the entrance to the hot zone, and at least 20 feet from any
confirmed positive patient. This PUI section had a dedicated
nurse or paramedic provider to minimize PUI exposure to
confirmed COVID-19 patients. One provider was assigned
to this area on a continuous basis to monitor the patients, and
was most often an EMT-Basic. If a patient required a higher
level of care of assessment from a provider outside of the PUI
zone, the required team member would have to exit the patient
care area, partially doff and re-don uncontaminated personal
protective equipment (gloves, contact gowns, but not face
mask or eyewear) prior to providing care to the PUI patient.
Oxygen Supply
Supplemental oxygen is a critical aspect of treatment for
COVID-19 patients that can be quickly depleted. Due to the
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logistical challenges in acquiring and providing a continuous
oxygen supply, patient admission criteria to the ACS was limited
to an oxygen requirement of ≤ 6 liters per minute. Collaborating
with local authorities, we were able to establish a local and
renewable source for oxygen tank refills. This became a crucial
part of facility sustainability that was initially underestimated.
Oxygen delivery modalities remained a challenge for the
ACS. Oxygen concentrators remain the most effective means
of sustainable oxygen delivery; however, they were in short
supply and their use was limited by electrical requirements.
The concentrators also placed a significant strain on the
building electrical system, which had not been designed for
the uninterrupted demand of a biomedical center. Oxygen
regulators were also a scarce resource and required a constant
turnover of oxygen tanks. Large, H-cylinder oxygen tanks (
> 7000-liter capacity) were also considered. However, due
to delivery requiring a hose-based splitting system and a
potential tripping hazard limiting patient mobility, the largecylinder option was deemed too logistically challenging.

patients, the ACS contracted a physical therapist. Physical
therapy provided daily ambulation and leg exercise, assisted in
monitoring fitness levels, and provided a presumed decreased
risk of venous thromboembolism.
Staffing
CAL-MAT and EMSA collaborated to provide staffing
to the ACS. Due to the burden of COVID-19 throughout the
state of California, finding available clinical providers with
acute care or disaster experience was limited. Many of the
roles typically filled by a certified nurse assistant or licensed
vocational nurse were performed by EMT-Basics based on
their ready availability through the CAL-MAT system. Some
commonalities among those recruited for the ACS included
retired physicians, nurses who were new graduates, or
providers who practiced primarily in outpatient settings. The
initial staffing structure used a blend of the nurse, paramedic,
and EMT role to care for patients that was adjusted for the
austere conditions, and generally a different environment
than either primarily inpatient or outpatient providers would
typically work in. Creating a successful team with the variety
of backgrounds and experiences, in the resource-limited
setting, was crucial to the success of the mission. Initially it
was difficult to anticipate patient volumes, and in the early
stages of development, deliberate attempts were made to
overstaff the facility. This approach helped tremendously
in trying to improve team dynamics, maximize clinical
knowledge, and provide flexibility in scheduling.

Home Medications
Given the limits of the onsite pharmacy, patients
transferring to the ACS were expected to have their discharge
medications in hand when sent from the hospital. However,
this proved challenging for patients who did not have health
insurance or had financially burdensome copays. We worked
with hospital case managers, patient families, and pharmacists
to troubleshoot alternative solutions for specific scenarios.
For example, patients who were provided albuterol metereddose inhalers and spacers at the hospital were encouraged to
bring those to the ACS. In hindsight, early discussion about
the logistics with the home supply of medication would have
facilitated smoother transitions of care.
Language Barriers
The vast majority of patients admitted to the ACS has been
primarily Spanish speaking, which is representative of Imperial
County’s population where 85% of the population self-identifies
as Hispanic or Latino.2 Translating discharge documents,
signage for patients and families, and having sufficient numbers
of Spanish-speaking staff were necessary adaptations.
Patient Care Resources
The majority of patients were discharged from the ACS
after being weaned off oxygen and were stable on room air.
One patient had to be discharged with a prescription for home
oxygen due to a persistent oxygen requirement with exertion.
Approximately 30% of patients required transfer back to
the local hospitals for escalation of care. The benefit of stat,
urgent, and routine laboratory diagnostics may have been
beneficial to minimize the number of transfers back to the
ED and was further investigated after this preliminary phase.
Additionally, in response to requests from local facilities
about how we could improve patient care and expand eligible
Western Journal of Emergency Medicine

LIMITATIONS
There are two noteworthy limitations of this study. Firstly,
there is limited outcome data on those patients transferred
back to the ED. Unless the patient was returned to the ACS
after ED evaluation, it was unknown whether the patient’s
condition worsened or improved or there was any additional
diagnosis. Secondly, the challenge faced in many disaster
medicine scenarios is the limited ability to provide a cost
analysis of such interventions. Particularly in a scenario such
as the one we report on where there is a collaboration of
federal, state, and local resources it can be difficult to calculate
the cost benefit of such interventions in a community.
Moreover, this ACS was implemented concomitantly with
several other health system interventions such as increasing
critical care capacity at local hospitals and the development of
a regional patient transfer system.
CONCLUSION
Alternate care sites, by their very nature, are
tremendously variable and can be a valuable disaster
resource when implemented well. In our recent experience,
listening, communicating, and collaborating to meet
local community needs is a crucial step in establishing
a successful ACS. If there is a mismatch between the
requirements of the community and resources provided, then
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the effort can be expensive, redundant, and ineffective. Once
begun, our priority was to adapt to the evolving COVID-19
pandemic in Imperial County. Through our adaptations to the
logistical challenges of oxygen distribution, staffing issues,
and patient care, we were able to significantly increase the
capacity of our ACS, and in turn, serve its local community.
We hope this summary of the early stages of development
of one ACS, in an area highly impacted by the COVID-19
pandemic, will benefit others in their preparation and
response to similar disasters.
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Introduction: Acute kidney injury (AKI) after intravenous contrast administration for computed
tomography (CT) occurs infrequently, but certain patients may be susceptible. This study evaluated
AKI incidence among emergency department (ED) patients with pre-existing chronic kidney disease
(CKD) undergoing CT exams.
Methods: This retrospective cohort study in an integrated healthcare system included ED patients
previously diagnosed with CKD stages 3-5 (estimated glomerular filtration rate <60 milliliters per minute
per 1.73 meters squared over at least three months), undergoing CT exams with or without intravenous
contrast, from January 1, 2013–December 31, 2017. We excluded patients with CT prior to (30 days)
or following (14 days) index CT and missing serum creatinine (sCr) measurements. We applied
propensity score matching, and then multivariable regression adjustment for post-CT ED disposition
and ED diagnosis, to calculate adjusted risk of AKI. Secondary patient-centered outcomes included 30day mortality, end-stage renal disease (ESRD) diagnosis, and dialysis initiation.
Results: Among 103,573 eligible ED patients undergoing CT, propensity score matching yielded
5,589 pairs. Adjusted risk ratio (ARR) for AKI was higher overall for contrast-enhanced CT (1.60; 95%
confidence interval [CI], 1.43-1.79). However, secondary outcomes were infrequent: 19/5,589 noncontrast vs 40/5,589 contrast patients with new dialysis initiation at 30 days (adjusted risk 0.3% vs
0.7%; adjusted risk reduction 0.4%; 95% CI, 0.1%-0.7%).
Conclusion: In ED patients with chronic kidney disease undergoing CT, intravenous contrast was
associated with higher overall adjusted risk of AKI, but patient-centered secondary outcomes were rare.
The clinical significance of transient kidney injury after CT is unclear, although patients with advanced
chronic kidney disease appear to have elevated risk. [West J Emerg Med. 2021;22(3)614–622.]

INTRODUCTION
Increasing use of computed tomography (CT) in United
States emergency departments (ED) brings controversy over
contrast-associated acute kidney injury (CA-AKI) in focus for
ED patients, where a subset may be vulnerable even if overall
risk is low.1-8 The recent American College of Radiology
and National Kidney Foundation joint consensus statement
suggests for patients with “severe kidney disease,” risks of
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contrast media are uncertain, and existing evidence may be
underpowered to estimate risk of injury.9
Early studies overestimated CA-AKI incidence, while
recent work casts doubt on the phenomenon of CA-AKI
altogether.8,10-12 Meta-analyses concluding that intravenous
(IV) contrast is not associated with AKI were not focused
on ED patients or chronic kidney disease (CKD), and where
CKD patients were included, definitions were inconsistent.13-15
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One meta-analysis included six studies that defined CKD
differently, using baseline serum creatinine [sCr] within 24
hours of CT (potentially reflecting AKI rather than CKD), or
prior kidney disease diagnoses from the medical record.7,14,16
Chronic kidney disease requires presence of objective
laboratory markers of decreased renal function persistent over
three months or more; so equating abnormal baseline sCr with
CKD may cause misidentification.17
Why might CA-AKI go undetected? Studies may be
underpowered to detect CA-AKI; substantial confounding
may persist despite mitigation attempts, with non-contrast
control groups at higher risk for AKI; retrospective cohorts
with complete sCr measurements may be sicker overall;
undiagnosed AKI could coincide with CT; and propensity
score matching may not completely adjust for differences
between contrast and non-contrast groups.18 Still, propensity
score matching may be the most feasible means to evaluate
CA-AKI, absent prospective trials.19 Finally, the significance
of short-term AKI is unclear with respect to patient-centered
clinical outcomes such as progression to dialysis and of
kidney disease severity.
Among patients with moderate-to-severe CKD (stage
3-5), limited data are reported, yet these patients may be most
vulnerable to CA-AKI even if overall risk is low.7,8,16 Two
of the largest retrospective CA-AKI studies included small
numbers of CKD patients spread over long study periods.7,8
A study focused on patients with pre-existent CKD might be
able to clarify the association of IV contrast with AKI in this
potentially at-risk population. We compared the incidence of
AKI in a large cohort of ED patients with pre-existing CKD
3-5, undergoing non-contrast or contrast-enhanced CT, by
applying propensity scores to match the groups for likelihood
of receiving contrast based on presence of previously
described AKI risk factors.
METHODS
Study Design and Setting
We conducted a retrospective cohort study within Kaiser
Permanente Northern California, a large, not-for-profit
integrated healthcare system caring for four million patients,
with over 1.2 million ED visits annually in 21 community
EDs. Patients are similar to the regional population and
are socioeconomically, racially and ethnically diverse.20
The health system employs a single electronic health
record (EHR). The Kaiser Permanente Northern California
Institutional Review Board granted a waiver of informed
consent for this data-only Health Insurance Portability and
Accountability Act-compliant study.
Data Sources
All data was electronically extracted from the EHR
(Epic Systems Corporation, Verona, WI) and its databases
by an experienced programmer (JH). Structured electronic
extraction used current procedural terminology, internal and
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Contrast computed tomography (CT) may not
pose large risk for acute kidney injury (AKI), yet
patients with underlying renal dysfunction may
be vulnerable to AKI after contrast exposure.
What was the research question?
Among patients with chronic kidney disease
(CKD), is contrast CT associated with higher
incidence of AKI?
What was the major finding of the study?
Despite elevated AKI risk in CKD patients
undergoing contrast CT, short-term dialysis
starts and mortality were uncommon.
How does this improve population health?
While contrast CT was associated with
elevated AKI risk for CKD patients, the
significance of transient AKI after CT is
unclear, warranting further study.

International Classification of Diseases, Ninth Revision and
Tenth Revision (ICD-9 and ICD-10) codes.
Participant Selection
All ED visits by adult patients (>17 years) with EHR
diagnosis of CKD stage 3-5 who underwent a CT head, neck,
chest, abdomen, or pelvis in the ED from January 1, 2013–
December 31, 2017 were included.16,17,21 Chronic kidney
disease stages 3, 4 and 5 are defined as estimated glomerular
filtration rate (eGFR) between 30-59 milliliters per minute per
1.73 meters squared (mL/min/1.73m2), 15-29 mL/min/1.73m2
and <15 mL/min/1.73m2, respectively, persisting over three
months or longer. Patients with end-stage renal disease
(ESRD) or dialysis were excluded since sCr fluctuations can
be inaccurate; we did include patients with CKD stage 5 who
were not on dialysis. Patients missing initial and follow-up
(24-72 hour) sCr were excluded.7,8,10 We also excluded exams
30 days prior to and 14 days after the index ED visit to avoid
confounding due to repeat contrast administration or residual
contrast effects. Only the first study-eligible ED CT was
included to avoid sampling bias due to clustering by patient;
thus, no patients crossed over.
Exposure Variable
We electronically extracted IV contrast administration
based on CT order and procedure code. Omnipaque 300 and
350 and Isovue 370 (non-ionic low-osmolar contrast media)
615
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were in use, and institutional protocols recommended
administration volumes of 100-150 mL with 20-25% dose
reduction for eGFR< 45 mL/min/1.73m2, at the discretion
of local radiologists and emergency physicians. The range
of contrast dose was 75-150 mL, including angiogram
(aorta and pulmonary angiogram) studies; given that all
contrast was intravenously administered, these studies were
considered equivalent for the purpose of renal exposure
to contrast. Although the contrast phase for image capture
may be different in various studies, this difference should
not affect the circulation or renal filtration of contrast. As
head, neck, chest, abdomen, and pelvis CTs obtained in
the ED may be performed with or without contrast, these
studies were included.
We were not able to stratify by body group, similarly to
prior studies of AKI after contrast. However, in an attempt
to minimize selection bias without excessively restricting
the cohort, we excluded extremity CTs as they are rarely
performed with IV contrast and would be unrepresented in
the contrast group. Contrast-enhanced CT (CECT) was any
study or series of studies with IV contrast. Oral contrast
administration was not assessed. Consecutive non-contrast
CT exams constituted a non-contrast exposure. Our institution
does not administer multiple consecutive IV contrast boluses.
Two physicians (MVK, emergency medicine; VAA, radiology)
reviewed a random sample of imaging orders and reports to
validate electronic contrast ascertainment.

measurements or measurements of hemoglobin > 11 mg/dL
were considered absence of evidence of anemia.
In the model to calculate propensity score, we included
only factors that could have impacted contrast administration
by the emergency physician and would be available at the
time of the CT and contrast order (treatment assignment). Two
important variables associated with AKI that might not be
present at the time of the contrast decision are intensive care
unit (ICU) admission and admitting diagnosis (sepsis, acute
myocardial infarction and multiorgan failure, ICD-9 or 10
codes). We extracted these variables but analyzed them after
propensity score modeling.

Other Variables and Definitions
We applied propensity score matching to balance
for characteristics that may be associated with contrast
administration and AKI in the non-contrast and contrast
groups. Numerous previously described AKI risk factors were
included in the propensity model, including the following:
age; gender; ethnicity/race; comorbidities; CKD stage; acute
illness severity indicators; and use of potentially nephrotoxic
medications (Table 1).7, 8, 10,18, 22,23 Acute illness severity
markers were defined as ED systolic blood pressure < 90
millimeters of mercury (mm Hg) and Emergency Severity
Index (ESI) level 1 or 2 (ESI is a measure of ED patient
acuity24). The Modification of Diet in Renal Disease equation
was used to calculated eGFR.25 Prophylactic medications
and IV hydration have been described as of limited use and
unclear efficacy, thus were not evaluated.10,14,26
We electronically extracted variables included in the
propensity model based on diagnoses, except for hemoglobin
and sCr, which were laboratory values. If a patient did
not have EHR documentation of a specific diagnosis or
medication, they were considered not to have evidence of the
condition or medication. Patients with missing sCr values
were excluded as this variable was essential to calculating
the primary outcome of AKI. For hemoglobin, however,
presence of a measured value of hemoglobin < 11milligrams
per deciliter (mg/dL) was considered evidence of anemia. No

Statistical Analysis
Given practical and ethical concerns of prospective
studies precluding randomization for contrast indication,
we applied a propensity score-matching approach.7,10,16,30,31
We calculated the propensity score by using a logistic
regression model including characteristics (Table
1) that may influence the decision to administer IV
contrast (treatment assignment) and are associated
with AKI.7,8,10,18,22,23 Propensity-matched cohorts of a
CECT group and a non-contrast CT group were derived
by applying 1:1 ratio greedy matching on propensity
score, with a caliper of 0.05 standard deviation of the
propensity score logit with no replacement. We examined
the standardized differences and variance ratios to
determine that the matched sample was balanced in
patient characteristics. We also graphically examined the
distribution of the estimated propensity score for the two
groups for the overlap assumption.
In the propensity score-matched sample, we used
logistic regression to examine the association between
contrast CT and the primary outcome and secondary
outcomes adjusted for ED disposition and diagnosis. We
calculated the adjusted risk for both groups by applying
the coefficients from the multivariable logistic regression
model to the study cohort as if every patient were in the
CECT group, and every patient were in the non-contrast
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Outcome Measures
We calculated the primary outcome, AKI, from sCr
values as defined by Acute Kidney Injury Network criteria
(absolute sCr increase 0.3 mg/dL or a 1.5-fold increase over
baseline sCr), over 24-72 hours after CT, consistent with prior
studies.7,10,27-29 Given that AKI is not necessarily associated
with permanent changes in renal function, we also evaluated
secondary patient-centered outcomes. These secondary
outcomes (30-day dialysis initiation, new ESRD diagnosis,
and mortality) were extracted from the EHR, Social Security
Administration, and California state death files. The followup window was short to limit confounding by clinical events
downstream of the contrast/CT exposure. This study was not
designed specifically to detect these secondary outcomes.
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Table 1. Characteristics of the original and 1:1 propensity-matched population; all variables included in propensity model.
Original cohort
Noncontrast
n (%)
N

CECT
n (%)

Propensity matched cohort

Standardized Variance
difference
ratio

15,757 (100) 5,980 (100)

Noncontrast n
(%)

CECT
n (%)

Standardized
difference

Variance
ratio

5,589 (100) 5,589 (100)

eGFR (ml/min/1.73m )
2

<30

5,292 (34)

100 (2)

-0.92

0.07

98 (2)

100 (2)

0.00

1.02

30-<45

5,155 (33)

1,211 (21)

0.29

0.73

1,212 (22)

1,205 (22)

0.00

1.00

45-59

5,310 (34)

4,669 (78)

-1.00

0.77

4,279 (77)

4,284 (77)

0.00

1.00

<65

1,800 (11)

685 (11)

0.00

1.00

575 (10)

614 (11)

-0.02

1.06

65-<75

3,180 (20)

1,489 (25)

-0.11

1.16

1,224 (22)

1,224 (22)

0.00

1.00

75-<85

5,464 (35)

2,228 (37)

-0.14

0.97

2,181 (39)

2,181 (39)

0.00

1.00

85+

5,313 (34)

1,578 (26)

-0.16

0.87

1,609 (29)

1,570 (28)

-0.02

0.99

7,375 (47)

2,239 (37)

0.19

0.94

2,223 (40)

2,143 (38)

0.03

0.99

White

9,733 (62)

4,089 (63)

0.14

0.92

3,780 (68)

3,782 (68)

0.00

1.00

Black

1,917 (12)

552 (9)

0.10

0.78

545 (10)

538 (10)

0.00

0.99

Hispanic

1,910 (12)

660 (11)

0.03

0.92

620 (11)

624 (11)

0.00

1.01

Asian

1,988 (13)

593 (10)

0.09

0.81

572 (10)

568 (10)

0.00

0.99

Other

209 (1)

86 (1)

-0.01

1.08

72 (1)

77 (1)

-0.01

1.07

CKD 4-5

2,825 (18)

213 (4)

0.05

0.90

186 (3)

186 (3)

0.01

0.97

Coronary artery
disease

2,181 (14)

734 (12)

0.21

0.79

726 (13)

704 (13)

0.00

1.00

Congestive heart
failure

4,622 (29)

1,226 (21)

0.48

0.23

1,194 (21)

1,193 (21)

0.00

1.00

History of
myocardial infarction

2,570 (16)

800 (13)

0.08

0.85

781 (14)

774 (14)

0.00

0.99

86 (1)

23 (0)

0.02

0.71

20 (0)

23 (0)

-0.01

1.15

Age (years)

Gender
Male
Race or ethnicity

Comorbidity

Hypoalbuminemia
Proteinuria

1,081 (7)

259 (4)

0.11

0.65

242 (4)

246 (4)

0.00

1.02

Renal transplant

155 (1)

14 (0)

0.10

0.24

13 (0)

14 (0)

0.00

1.08

Single kidney

240 (2)

64 (1)

0.04

0.71

55 (1)

58 (1)

0.00

1.05

Peripheral vascular
disease

3,083 (20)

1,143 (19)

0.01

0.98

1,042 (19)

1,074 (19)

-0.01

1.02

Anemia (lab)

9,150 (58)

2,812 (47)

0.22

1.02

2,669 (48)

2,653 (48)

0.01

1.00

Hypertension

14,299 (91)

5,311 (89)

0.06

1.18

4,996 (89)

4,986 (89)

0.01

1.01

Diabetes mellitus

7,614 (48)

2,538 (42)

0.12

0.98

2,410 (43)

2,382 (43)

0.01

1.00

ACE-I

6,019(38)

2,665 (45)

-0.13

1.05

2,451 (44)

2,471 (44)

-0.01

1.00

Diuretic

6,041(38)

2,101 (35)

-0.05

1.04

1,924 (34)

1,979 (35)

-0.02

1.02

Antimicrobial

4,726(30)

1,936(32)

0.07

0.96

1,760 (32)

1,810 (32)

-0.02

1.01

706 (5)

400(7)

-0.10

1.46

333 (6)

351 (6)

-0.01

1.05

Nephrotoxic medications

NSAID

Other Nephrotoxic
5,221(33)
1,917(32)
0.02
0.98
1,718 (31)
1,779 (32)
-0.02
1.02
CECT, contrast-enhanced computed tomography; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; mL,
milliliters; min, minute; m2, meters squared; ACE-I, ace inhibitor; NSAID, non-steroidal anti-inflammatory drug.
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Original cohort

Noncontrast
n (%)

CECT
n (%)

ED SBP<90

841 (5)

249 (4)

0.06

ESI level 1-2

5,514 (35)

1,847 (31)

0.09

Propensity matched cohort
Noncontrast n
(%)

CECT
n (%)

Standardized
difference

Variance
ratio

0.79

195 (4)

212 (4)

-0.01

1.08

0.94

1,821 (33)

1,753 (31)

0.03

0.98

Standardized Variance
difference
ratio

Severity in ED

ED, emergency department; SBP, systolic blood pressure; ESI, Emergency Severity Index.

group, respectively, and reported the adjusted risk
differences and risk ratios. Subgroups of CKD severity
were evaluated similarly with separate multivariate logistic
regression models for CKD stage 3 and CKD stages 4-5.
Since eGFR fluctuates more than CKD stage, we
performed a series of sensitivity analyses to evaluate for
differences in AKI between contrast and non-contrast groups
based on eGFR, a more acute measurement of kidney
function. We compared AKI incidence stratified by baseline
eGFR (<30, 30-44 and >44 mL/minute (min)/1.73 meters
squared [m2]) in the original propensity-matched cohort. We
also repeated the analyses in three separately propensity scorematched cohorts by baseline eGFR strata.
All analyses were conducted with SAS version 9.4 (SAS
Institute, Inc., Cary, NC) and Stata version 14.2 (StataCorp,
College Station, TX). Statistical significance level was set at
P-value <.05.
RESULTS
Study Subject Characteristics
During the study period, 103,573 adult ED patients
with CKD stages 3-5 underwent eligible CT studies. After
excluding 10,938 patients with preceding (30 days prior) and
4,918 with subsequent (14 days after) CT, removing patients
with missing baseline (11,771) and follow-up (49,031) sCr
values, and restricting the cohort to the first eligible visit
(excluding 5,178 encounters) in the study period, 21,737
encounters remained, with 5,980 CECT and 15,757 noncontrast CT (Figure). Propensity score matching yielded
5,589 pairs of patients (391 patients from the CECT group
were excluded because there was no match in the noncontrast CT group). The characteristics of the two groups
were balanced with the absolute value of standardized
difference <0.10 and variance ratios between 0.5 and
2.0. There was no evidence of violation of the overlap
assumption when checking the distributions of propensity
scores of the two groups (Appendix A).
Characteristics of the original and propensity-matched
populations are presented in Table 1, including age, gender,
race/ethnicity, pre-CT sCr (laboratory measurement within
24 hours prior to CT), ICD-9 or 10 diagnoses (proteinuria,
hypoalbuminemia, single kidney, renal transplant, peripheral
Western Journal of Emergency Medicine

vascular disease, coronary artery disease, history of
myocardial infarction, diabetes, congestive heart failure,
hypertension), anemia (laboratory measurement hemoglobin
<11 mg/dL) and outpatient prescription (past 90 days) or
ED use of nephrotoxic medications (diuretic, angiotensinconverting enzyme inhibitor, antimicrobial agents, nonsteroidal anti-inflammatories, others – Appendix B). Older
age, non-white race, male gender, and comorbidities except
peripheral vascular disease and hypoalbuminemia were
significantly associated with non-contrast CT. All variables in
Table 1 were included in the propensity model.
We identified 5,589 pairs of patients with CECT and noncontrast CTs using propensity score matching, median age 80
years for non-contrast CT (interquartile range 72-86 years)
and 79 years for CECT (interquartile range 72-85 years)
exams. Comorbidity and demographic characteristics were
comparable between groups in the propensity score matched
cohort (Table 1). Diabetes mellitus, hypertension, and anemia
were prevalent. After propensity score matching, CKD stage
4 or 5 was present in 3% of the cohort.
Patients in the non-contrast group were more likely to be
admitted to the ICU (9% vs 7%, 510 of 5,589 non-contrast

Figure. Cohort Derivation: Adult (age>17 years) emergency
department (ED) patients with chronic kidney disease (CKD)
stages 3-5 undergoing computed tomography (CT) (head, neck,
chest, abdomen, pelvis) January 1, 2013 to December 31, 2017.
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patients and 383 of 5,589 CECT patients, respectively,
P<0.001) and had a higher frequency of acute organ failure (65
of 5,589 vs 39 of 5,589, P = 0.01), whereas the CECT group
had a higher frequency of acute heart failure diagnosis (6% or
326 of 5,589 CECT patients vs 4% or 217 of 5,589 non-contrast
patients, P<0.001) (Table 2). The frequency of acute myocardial
infarction (2%, 83 of 5,589 non-contrast patients and 2% or
90 of 5,589 CECT patients, P = 0.59) and sepsis (6% or 332
of 5,589 non-contrast patients and 6% of 315 of 5,589 CECT
patients, P = 0.49) were not different between groups.
Primary Outcome AKI Incidence
After propensity score matching, the adjusted risk of AKI
was 8.3% in the non-contrast group compared to 13.2% for
CECT for 5,589 pairs (adjusted risk ratio [ARR] for AKI 1.60,
95% confidence interval [CI], 1.43-1.79) (Table 3). The AKI
absolute risk difference was 5% higher for CECT (95% CI,
3.8%-6.1%). The higher risk of AKI in the CECT remained
significant in the stratum of patients with CKD stage 3 (7.9%
non-contrast vs 12.8% CECT for 5403 pairs, ARR 1.61, 95%
CI ,1.43-1.80) but not for the smaller stratum of CKD 4-5
patients (18.9% non-contrast vs 26.8% CECT for 186 pairs,
ARR 1.41, 95% CI, 0.96-2.08). Unadjusted incidence of AKI
is available in Appendix C, Table C1.
Secondary Patient-centered Outcomes
Adjusted risks for secondary patient-centered outcomes
at 30 days (new diagnosis of ESRD, initiation of dialysis,
and mortality) are reported in Table 4. New initiation of renal
dialysis and new diagnosis of ESRD were rare (Appendix C,

Table C2). Both non-contrast and CECT groups had notable 30day mortality (8.5% and 7.1%, respectively).
Sensitivity Analysis
The results from sensitivity analyses separately
analyzing AKI incidence stratified by baseline pre-CT
eGFR in the propensity-matched cohort as well as in a
separately propensity-matched cohort based on eGFR strata
(45-59, 30-44 and <30 ml/min/1.73m2) were consistent
with the results based on CKD stage (3 vs 4-5) (Appendix
C, Tables C3 and C4).
DISCUSSION
In a study of contrast CT and acute kidney injury among
ED patients with chronic kidney disease in an integrated
healthcare system, we found that IV contrast-enhanced CT
was associated with increased overall risk of AKI compared
to non-contrast CT (adjusted risk difference 5%, 95% CI,
3.8%-6.1%; ARR 1.60, 95% CI, 1.43-1.79). Secondary
patient-centered outcomes (mortality, new dialysis initiation)
were rare, limiting conclusions about the difference between
groups; however, the overall low observed frequency at
30 days suggests need for further study of any relationship
between AKI in the setting of IV-contrast administration and
clinically meaningful outcomes.

Table 3. Adjusted* risk of acute kidney injury in propensity matched
cohort, overall and stratified by chronic kidney disease stage.

Total
(n)

Table 2. Post-computed tomography and post-contrast
characteristics of acuity.

Overall

Propensity matched cohort
No contrast
n (%)

CECT
n(%)

5,589 (100)

5,589(100)

510 (9)

383 (7)

4,179 (75)

4,309 (77)

900 (16)

897 (16)

Acute heart failure

217 (4)

326 (6)

<0.0001

AMI

83 (2)

90 (2)

0.59

Sepsis

332 (6)

315 (6)

0.49

Multiorgan failure

65 (1)

39 (1)

0.01

P-value

ED disposition
Total
ICU admission
Hospital admission
Discharged

Non-contrast

5,589

8.3%

CECT

5,589

13.2%

5.0%
(3.8%-6.1%)

1.60
(1.43-1.79)

4.8%
(3.7%-6%)

1.61
(1.43-1.80)

CKD stage 3
<0.0001

Non-contrast

5,403

7.9%

CECT

5,403

12.8%

Non-contrast

186

18.9%

CECT

186

26.8%

CKD stage 4-5

ED diagnosis

*Based on ICD-9 and 10 diagnosis codes for index visit
CECT, contrast-enhanced computed tomography; ED,
emergency department; ICU, intensive care unit; AMI, acute
myocardial infarction.
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Adjusted
Adjusted risk
risk ratio
difference
(95% CI)
(95% CI)** for for CECT/
Adjusted CECT - nonnonrisk**
contrast CT contrast CT

7.8%
1.41
(0.7%-16.4%) (0.96-2.08)
*Adjusted for post-computed tomography and post-contrast acuity
characteristics (emergency department disposition to intensive
care unit and ED diagnosis of acute myocardial infarction, sepsis or
multi-organ failure)
**Rounded to single decimal point
CI, confidence interval; CECT, contrast-enhanced computed
tomography; AKI, acute kidney injury; CKD, chronic kidney disease.
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Table 4. Adjusted* risk of secondary patient-centered outcomes.

Adjusted
risk

Adjusted risk
difference for
CECT/Noncontrast (95% CI)

Adjusted
risk ratio
for CECT/
Non-contrast
(95% CI)

0.4%
(0.1%-0.7%)

2.14
(1.24-3.70)

0.2% (0%-0.5%)

1.39
(0.89-2.17)

30-day new
initiation of dialysis
Non-contrast

0.3%

CECT

0.7%

30-day ESRD
diagnosis
Non-contrast

0.6%

CECT

0.9%

30-day mortality
Non-contrast

8.5%

CECT

7.1%

-1.4%
0.84
(-2.0- -0.4%)
(0.74-0.95)
*Adjusted for post-computed tomography and post-contrast
acuity characteristics (Emergency department (ED) disposition
to intensive care unit and ED diagnosis of acute myocardial
infarction, sepsis or multi-organ failure).
CECT, contrast-enhanced computed tomography; CI, confidence
interval; ESRD, end-stage renal disease.

Most prior contrast-associated AKI studies were not
focused on CKD patients or emergency patients, but recent
literature calls for further knowledge in patients with “severe
kidney disease” in whom prior studies have reached differing
conclusions.3,7,9,16 Meta-analyses conclude no association
between contrast and AKI, but one study points out a major
risk factor for AKI after contrast is pre-existent chronic
kidney dysfunction, which is not uniformly treated across
studies.14,21,27 Accurate risk characterization is important in
these patients, to consider whether to employ dose reduction,
to avoid contrast, or to consider alternatives to CT. We
focused on CKD patients evaluated in the ED, where urgent
diagnostic evaluation requires contrast administration
in many cases; we applied propensity score matching
to mitigate selection bias in contrast administration and
adjusted for post-CT acute illness factors.
The small number of propensity matched pairs with
severe CKD in our study and others points to CECT avoidance
despite literature suggesting negligible overall CA-AKI
incidence. Few studies have focused specifically on CKD
patients, and varying results are reported in subsets of larger
studies, with inconsistent definitions of renal dysfunction
that do not distinguish between abnormal “baseline” pre-CT
eGFR etiologies – whether due to incipient AKI, chronically
abnormal eGFR without ongoing AKI, or concurrent AKI and
Western Journal of Emergency Medicine

CKD at the time of the study.7,8,10,32 Including patients with
incipient AKI or undiagnosed renal dysfunction may obscure
AKI ascertainment.
Comparing results across studies with different definitions
of abnormal renal function is also difficult. Hinson et al
reported 1557 patients (12%) with CKD diagnosis in a larger
study yet almost double – 3021 (23%) – the number of CKD
patients had eGFR <60 ml/min/1.73m2 at the time of CT,
suggesting a notable degree of unexplained renal dysfunction
in the cohort, while Davenport et al included 3685 patients
(20%) with eGFR<60 ml/min/1.73m2 and excluded patients
with undefined “unstable renal function.”7,10 McDonald et al
studied 1220 propensity matched pairs with eGFR<60 ml/
min/1.73m2, requiring two available sCr values 24 hours prior
to CT, potentially selecting for sicker patients.16 Of these
studies, only Davenport et al identified increased AKI odds for
CECT among patients with eGFR<30 ml/min/1.73m2 (2.96;
95% CI, 1.22-7.17).7 In our study, CKD stage aligned closely
but not perfectly with baseline eGFR, and sensitivity analyses
of separately derived eGFR cohorts were consistent with CKD
stage-based findings. The small subgroup of severe CKD or
very low eGFR suggests that patients with very abnormal
renal function may be unlikely to receive IV contrast, and
statistical power was limited in this subgroup in our study.
Patient-centered outcomes of new dialysis, ESRD,
and mortality are difficult to evaluate because confounding
increases with time after contrast exposure yet are clinically
important. Measured changes in renal function may lag behind
physiological injury,33 yet the definition of AKI relies on serial
sCr measurements; this difficulty applies to all investigations
of AKI and highlights the importance of evaluating clinical
and patient-centered outcomes alongside laboratory values.
We observed infrequent new dialysis initiation and new ESRD
diagnosis, possibly related to a small event rate limiting
statistical power, coding lags, and imbalance in unmeasured
confounders. In a meta-analysis of AKI and secondary
outcomes, mortality odds were similar (0.998, 95% CI,
0.730-1.362) among all patients, yet CKD patients may have
elevated mortality risk regardless of CT.14
Mortality in our cohort was notable for both noncontrast and CECT, likely due to selecting for availability
of serial sCr measurements. A recent review underscores
this difficulty in retrospectively understanding transient
sCr changes, secondary patient-centered outcomes, and the
relationship between the two, suggesting that measuring renal
injury related to contrast is limited both by the questionable
significance of transient post-CT sCr changes and by
possible confounding in reported longer term outcomes.34
The observations in the current study of the low secondaryoutcome frequencies despite the noted incidence of AKI
ranging from 8.3% (non-contrast) to 13.2% (CECT) suggests
that AKI may not translate into clinically important renal
injury after IV contrast. Study of alternate outcomes such as
30-day renal function recovery or strategies to predict AKI
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risk and need for post-CT renal function monitoring may
be more clinically relevant. A prospective study or a much
larger sample would be necessary to accurately evaluate these
patient-centered outcomes.

Address for Correspondence: Mamata Kene, MD MPH, The
Permanente Medical Group, Fremont, California, 39400
Paseo Padre Parkway, Fremont, California 94538. Email:
Mamata.V.Kene@kp.org.

LIMITATIONS
Our study had several limitations. Inclusion and eligibility
criteria limited our study cohort. Although we could not
adjust for CT indication, propensity score matching may
be the most feasible retrospective approach to balance for
treatment assignment (contrast); IV contrast is filtered by the
kidneys similarly regardless of indication for IV contrast.
However, a retrospective approach cannot discriminate
between the potential effect of contrast and the disease
process identified by the CT exam. Intra-arterial contrast was
not studied in this investigation. We took care to select CT
studies that are performed with and without IV contrast in the
absence of a prospective study that would allow some form
of randomization to contrast, and excluded extremity CTs,
which are typically non-contrast studies. Completeness of sCr
values was limited, similar to previous studies, and might be
differentially measured after CT in sicker patients.7,8,10,28 We
addressed the potential for undiagnosed renal dysfunction
by measuring pre-CT sCr and matching for renal function at
the time of CT. The CKD 4-5 subgroup illustrates difficulties
in retrospectively balancing contrast: CKD 4-5 prevalence
was 3% (186 CECT and 186 non-contrast) in the propensitymatched cohort, and the study lacked power to separately
assess this group.
The small number of patients in the most severe
kidney disease (CKD 4-5) subgroup resulted in inadequate
discriminatory power to ascertain AKI risk, yet these
findings suggest that clinicians avoid IV- contrast
exposure in patients with severe kidney disease even if
prior literature suggests negligible risk of AKI, and that
post-contrast outcomes in patients with baseline renal
dysfunction warrant further study. We may not have
captured all relevant covariables in this retrospective
electronic extraction, but we included many described AKI
risk factors; therefore, we do not expect that our study
was more subject to these biases than previous similar
investigations.7,8,10,11,18,21
CONCLUSION
In summary, we observed increased overall risk of acute
kidney injury after contrast CT in this cohort of patients with
known chronic kidney disease. The substantial attrition in our
and other studies, combined with our findings of higher acute
kidney injury risk among contrast-exposed patients with chronic
kidney disease, suggest that prospective studies in this specific
subpopulation are needed. While randomization is unlikely,
prospectively recruiting patients undergoing CT would facilitate
serial serum creatinine measurements and evaluation of
meaningful outcomes like 30-day renal function recovery.
Volume 22, no. 3: May 2021
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Introduction: Intravenous haloperidol has been shown to decrease milligram morphine equivalents
(MME) of analgesia and reduce hospital admissions for diabetic gastroparesis. The objective of
this study was to evaluate whether haloperidol decreases MME for the treatment of non-specific
abdominal pain diagnoses in the emergency department (ED), including gastroparesis, cyclic
vomiting, cannabinoid hyperemesis syndrome, and unspecified abdominal pain. The primary
outcome compared the difference in MME between encounters. Secondary outcomes included
admission rate, pain scores, length of stay, rescue therapy administration, and adverse effects.
Methods: This retrospective chart review included patients ≥ 18 years old who presented to the
ED. Patients must have had ≥ 2 ED encounters for abdominal pain, one in which they received
conventional therapy with opioids (C-encounter), and the other in which they received haloperidol
(H-encounter). Agitated patients were excluded. Seventy-five patients were needed to detect a 3
MME difference with 80% power and two-sided alpha of 0.05.
Results: We analyzed 107 patients with self-matched encounters. The median dose of haloperidol
administered was 5.0 milligrams (mg) (interquartile range [IQR] 2.0 - 5.0). C-encounters had
significantly more MME administered than H-encounters (median 5.7 mg [IQR 4.0 - 8.0] vs 0.0
mg [IQR 0.0 - 2.5], P < 0.001). These results remained significant despite route of haloperidol
administration. C-encounters had higher rates of rescue therapy administration than H-encounters,
(56% vs 33.6%, P < 0.001). There were higher rates of ketorolac administration in the H-encounter
(P = 0.02).
Conclusion: Encounters in which patients received haloperidol and ketorolac for abdominal pain
had a statistically significant reduction in MME administered and lower rates of rescue therapy
administration than encounters in which patients were treated with opioids. [West J Emerg Med.
2021;22(3)623-627.]

INTRODUCTION
Pain accounts for 45.4% of all emergency department
(ED) visits in the United States. Abdominal pain accounts for
up to 8% of those visits.1,2 In 2016, Cervellin and colleagues
Volume 22, no. 3: May 2021

reported that ED encounters for adults with acute abdominal
pain had an admission rate of 17% and a readmission rate
just above 6% within 30 days.3 Not only is abdominal pain
prevalent and costly, it is becoming more difficult to treat due
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to limited availability of conventional therapy.4,5 Analgesics,
including opioids and non-steroidal anti-inflammatory drugs
(NSAID), are the mainstay of therapy for abdominal pain.
Opioids may be preferred because they, unlike NSAIDs,
do not have the potential to mask peritoneal inflammation.6
Other therapies are supportive in nature and directed toward
management of concurrent nausea and vomiting.
Haloperidol, a first-generation antipsychotic, antagonizes
a variety of neurotransmitters in the central nervous system.7
The antiemetic effect of haloperidol is due mainly to its
antagonism of dopamine at the D2 receptor, histamine at
the H1 receptor, and acetylcholine at the muscarinic type-1
receptor in the chemoreceptor trigger zone. This antagonism
attenuates nausea and vomiting.8 Haloperidol also has antiemetic effects peripherally, as it non-specifically targets
D1-D5 receptors in the gut, affecting blood flow and gastric
motility.9 Lastly, haloperidol is a structural derivative of
meperidine and has been linked to analgesic effects through
sigma-1 receptor antagonism.10,11
Several recent studies have examined the analgesic effect
of haloperidol. In 2017, Roldan and colleagues conducted a
randomized, double-blind, placebo-controlled trial comparing
haloperidol 5 milligrams (mg) intravenously (IV) plus
conventional therapy vs placebo plus conventional therapy
for the treatment of gastroparesis. They found a significant
difference in their primary outcome, mean reduction in pain
scores, 5.37 vs 1.11 (P ≤ 0.001), and nausea scores, 2.70 vs
0.72 (P = 0.05), at one hour.12 Another study, by Ramirez and
colleagues, examined the opioid-sparing effect of haloperidol.
They retrospectively analyzed the effect of intramuscular
(IM) haloperidol plus conventional therapy vs conventional
therapy alone for the treatment of diabetic gastroparesis. This
trial demonstrated that the administration of haloperidol, in
addition to conventional therapy, had an opioid sparing effect,
with 6.75 vs 10.75 (P = 0.009) morphine equivalents used,
and a decreased admission rate of 10% vs 27% (P = 0.002)
when compared to conventional therapy alone.13
The combined antiemetic and analgesic effects of
haloperidol make it an appealing alternative for the treatment
of abdominal pain with concurrent nausea and vomiting, given
the limited availability of medications used as conventional
treatment for abdominal pain due to drug shortages.5,6 These
include but are not limited to the following: ketorolac;
morphine; fentanyl; hydromorphone; diphenhydramine;
ondansetron; and metoclopramide. This, in addition to
decreased opioid prescribing in the setting of the opioid
epidemic, was the basis for the health-system implementation
of “haloperidol for analgesia” emergency services protocol.
The intent of this protocol was to aid in the management
of patients with gastroparesis, cannabinoid hyperemesis
syndrome, cyclic vomiting, and other non-specific abdominal
pain diagnoses.
This protocol provided clinical decision support and
monitoring parameters for providers who sought to use
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Non-specific abdominal pain is a common
emergency department presentation, and
its treatment has been complicated by drug
shortages and the opioid epidemic.
What was the research question?
Does haloperidol administration for the
treatment of unspecified abdominal pain spare
morphine equivalents?
What was the major finding of the study?
Haloperidol, in conjunction with ketorolac,
spares approximately 6 milligram morphine
equivalents.
How does this improve population health?
Haloperidol can reduce opioid exposure and
is a safe and effective means of managing
unspecified abdominal pain in a population
with high healthcare utilization.

haloperidol for analgesia. With the implementation of this
protocol came the new medical record, “haloperidol injection
5 mg/mL (HALDOL) – ANALGESIA.” Indications for
therapy were included in the order instructions and the dose
of 5 milligrams intravenously (mg IV) was auto-selected,
with the option of changing dose and route based on provider
preference. A reference link to the full protocol was included
in the medication record. In this study we sought to examine
the opioid-sparing effect of haloperidol when used for
abdominal pain and to determine whether the effect was
dependent on route of haloperidol administration.
METHODS
This was a retrospective cross-over chart-review of an
electronic health record within an integrated health system.
The health system is composed of large academic medical
centers, regional hospitals, and freestanding EDs, accounting
for approximately 700,000 patient encounters annually. This
study, number 19-122, was reviewed and exempted by the
institutional review board. Included patients were 18 years of
age and older admitted to an ED between July 1–December 1,
2018, and administered haloperidol 2 mg-5 mg intramuscular
(IM) or IV for abdominal pain (H-encounter).
Encounters with International Classification of Diseases,
revision 10 (ICD-10) codes associated with abdominal pain
were analyzed, including, but not limited to the following:
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non-specific abdominal pain; peptic ulcer disease; cyclic
vomiting; cannabinoid hyperemesis syndrome; and reflux
disease. Abdominal pain was confirmed within the ED
provider note with a positive reference in “review of
systems.” Patient charts were then audited for qualifying
comparison encounters in which the patient received opioids
as conventional therapy (C-encounter) for abdominal pain.
Encounters did not qualify as a comparator if the patient was
administered antipsychotics. All comparison encounters must
have been separated by a minimum of three days from other
hospital encounters requiring analgesia to allow for treatment
washout, and a maximum of 365 days of the haloperidol
encounter to minimize variability in patient presentation
between encounters. We excluded the following patients from
the study: allergy or sensitivity to haloperidol; chronic use
of haloperidol as a prior-to-admission medication; urgent
abdominal surgery; and administration of haloperidol for acute
agitation secondary to delirium, psychosis, or for sedation.

including arrhythmia, mental status change from start of
ED encounter, seizure, dystonic reaction, and respiratory
depression were recorded per nursing documentation and
the medication administration record. We defined respiratory
depression as respiratory rate less than 12 breaths per minute
within one hour after opioid administration.
Seventy-five patients with self-matched encounters
were needed to detect a difference of three MMEs with 80%
power and a two-sided alpha of 0.05.13 Ordinal variables were
compared using the Wilcoxon signed-rank test or paired t-test
and categorical variables were compared using McNemar’s
test. Data was expressed as medians with interquartile ranges
(IQR) if data was nonparametric, as means with confidence
intervals (CI) if data was parametric, or numbers and
percentages of patients, as appropriate. We performed all data
analysis using open-source statistical software R Commander
(developed by J. Fox), R package version 3.5-3 (R Foundation
for Statistical Computing, Zurich).

Measurements
Baseline demographic data included age, gender, time and
date of ED encounter, resulting inpatient stay if applicable,
ED location, repeat ED encounter within 30 days, and death.
We classified EDs according to number of annual encounters.
Dose, route, and resultant pain scores were also collected.
Pain was documented as a 0-10 visual analogue scale and
was included if the patient had a score before and at least 15
minutes after analgesic administration. If patients had more
than two qualifying comparison encounters, the most recent
qualifying encounter to the haloperidol encounter was used.
The primary outcome was to analyze the difference
in milligram morphine equivalent (MME) administration
between the self-matched H- and C-encounters. Any opioids,
NSAIDs, acetaminophen, ketamine, lidocaine, and haloperidol
administered during the encounters were documented and
considered to be concurrent analgesia. Secondary outcomes
included disposition, adverse events, difference in pain scores,
ED length of stay, repeat ED encounters within 30 days, and
use of rescue medications.
The “interventions” of this review were haloperidol and
opioid use for the treatment of abdominal pain. We defined
rescue therapy as any analgesic or antiemetic administered
30 minutes after initial haloperidol or opioid administration.
Any acetaminophen, ketorolac, or antiemetic use prior to
administration of the intervention was not analyzed as rescue
therapy. We selected 30 minutes to allow for initial onset of
medications administered and to provide a realistic time frame
for symptom reassessment in ED patients. The following
antiemetics were considered rescue therapy: diphenhydramine;
metoclopramide; ondansetron; promethazine; and
prochlorperazine. All routes of rescue therapy administration
were included for analysis. Additional agents were not
included due to formulary restrictions. We calculated MMEs
based on an equianalgesic dosing chart.14 Adverse events,

RESULTS
A total of 504 patients qualified for chart review based on
diagnosis audit and haloperidol administration. Breakdown
of excluded patients was as follows: 218 patients lacked a
qualifying comparison encounter; 160 patients had documented
agitation or altered mental status; 15 patients lacked
documentation of abdominal pain in their review of systems;
and four patients were admitted for urgent abdominal surgery.
The remaining 107 patients were included for review. Patients
were administered haloperidol for the following diagnoses:
cyclic vomiting; colitis/diverticulitis; gastroparesis; pancreatitis;
gastroesophageal reflux disease (GERD); and unspecified
abdominal pain. The diagnoses attached to the encounters
were not mutually exclusive and no diagnosis predominated
significantly, although many patients had concurrent diagnoses
of GERD and unspecified abdominal pain.
Seventy percent of patients were women and mean age
was 41 years old. The median haloperidol dose administered
in the H-encounter was 5.0 mg (IQR 2.0 - 5.0). More
patients were administered haloperidol IV than IM, 81.3%
vs 18.7%, respectively. Seventy-nine patients, or 73.8%, had
their H-encounter chronologically after their C-encounter.
Encounters at ED locations with greater than 50,000 annual
visits accounted for 46% and 45% of the H-encounters and
C-encounters, respectively. Encounters at locations with
20,000-50,000 annual visits accounted for 40% and 39%,
respectively. Encounters at locations with less than 20,000
annual visits accounted for 14% and 16%, respectively.
H-encounters had a statistically significant reduction in
MME administered when compared to C-encounters, (median
0.0 [IQR 0.0 - 2.5] vs 5.7 [IQR 4.0 - 8.0]; P < 0.001). This
opioid-sparing effect remained significant despite route of
haloperidol administration. The median MME given with IV
haloperidol was 0.00 mg (IQR 0.0-4.0) vs 5.8 mg (IQR 4.08.0); P < 0.001 in the comparison C-encounter. The median
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MME given with IM haloperidol was 0.0 mg (IQR 0.0-0.0)
vs 5.0 (IQR 3.3-8.0) in the comparison C-encounter; P <
0.001. H-encounters were associated with significantly lower
rates of rescue therapy administration than C-encounters.
This remained significant when separately analyzing rescue
antiemetic and analgesic use. Six patients who received
haloperidol for abdominal pain required a repeat dose.
Haloperidol was not used as rescue therapy for any of the
C-encounters.
Patients had significantly less opioid use in the
H-encounter than in the C-encounter, 47.2% vs 100% (P <
0.001) but received significantly more ketorolac, 38.9% vs
14.0%; (P = 0.02). Mean dose of ketorolac administered
in these H-encounters was 17.1 mg (CI 15.1 - 19.2). We
conducted a post-hoc analysis of IM and IV ketorolac
administration in H-encounters. Twenty-five percent of
patients received haloperidol > 30 minutes before ketorolac,
25% of patients had concurrent administration of haloperidol
and ketorolac, and 50% of patients received haloperidol > 30
minutes after the administration of ketorolac.
There were no statistically significant differences in ED
length of stay, admission rate, mean pain score difference
between encounters, adverse events, and 30-day repeat
encounters. There were no adverse events in the H-encounters
and one adverse event of mental status change in the
C-encounter. Although 30-day repeat encounters related
to abdominal pain were lower with patients who received
haloperidol, the difference was not significant (Table 1).
DISCUSSION
In this study, haloperidol was associated with a
greater opioid-sparing effect than previous literature had

demonstrated. Prior studies showed that patients who received
haloperidol for abdominal pain were spared approximately 4
MME, while patients in this study were spared approximately
6 MME. Unlike what was reported in previous literature,
haloperidol was not associated with a significant decrease in
admission rate or pain scores when compared to conventional
therapy with opioids. This is likely because previous studies
did not use paired comparators, while in this study we used
McNemar’s test to analyze paired, nonparametric data.
Patients who were administered haloperidol for abdominal
pain needed significantly less rescue analgesia and rescue
antiemetics than patients who were treated with opioids. This
may be correlated to the inherent antiemetic properties of
haloperidol. No patients administered concurrent lidocaine
or ketamine met inclusion criteria for data analysis. Because
haloperidol is not a first-line agent for acute analgesia, it is
typically administered to patients who are refractory to other
agents. This may explain the significant decrease in rescue
therapy after haloperidol administration; many of the other
agents were given prior. Although ketorolac was administered
more frequently in the H-encounter, 50% of these patients
received haloperidol greater than 30 minutes after the
administration of ketorolac, which may suggest their pain was
refractory to NSAID therapy. Another 25% of these patients
had concurrent administration of ketorolac and haloperidol.
This study was multicenter, with sites varying from
large academic institutions to freestanding EDs, which
increases generalizability of the results. Other strengths of
the study include a large patient population, a wide variety
of emergent settings, and the fact that all patients were selfmatched. Data was collected by a single researcher, and
primary endpoints are objective and well-defined, which

Table 1. Safety outcomes and concurrent analgesia.
Haloperidol encounter
n = 107

Conventional encounter
n = 107

P-value

0 (0)

1 (0.01)

0.32

30-day repeat encounter, n (%)

47 (43.9)

60 (56.0)

0.18

Repeat encounter related to abdominal pain, n (%)

33 (70.2)

46 (76.7)

0.08

5.1 (4.6-5.5)

5.3 (4.8-5.8)

0.52

60 (56)

107 (100)

< 0.001

Opioids, n (%)

34 (31.7)

107 (100)

< 0.001

Ketorolac, n (%)

28 (38.9)

15 (14.0)

0.02

Variable
Adverse events, n (%)

Encounter length of stay, hours (95% Cl)
Concurrent analgesia, n (%)

6 (5.6)

3 (2.8)

0.26

Rescue therapy, n (%)

36 (33.6)

60 (56.0)

0.01

Antiemetics, n (%)

22 (20.5)

37 (34.6)

0.05

Analgesics, n (%)

22 (20.5)

48 (44.8)

< 0.001

3.1 (2.2-4.0)
n = 21 for haloperidol encounter, n = 101 for conventional encounter.
CI, confidence interval.

3.0 (2.4-3.6)

Acetaminophen, n (%)

Pain score decrease , (95% CI)
†

0.93

†
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Introduction: Some patients with end-stage disease who may neither want nor benefit from
aggressive resuscitation receive such treatment if they cannot communicate in an emergency.
Timely access to patients’ current resuscitation wishes, or “code status,” should be a key metric of
electronic health records (EHR). We sought to determine what percentage of a cohort of patients
with end-stage disease who present to the emergency department (ED) have accessible, code
status documents, and for those who do, how quickly can this documentation be retrieved.
Methods: In this cross-sectional study of ED patients with end-stage disease (eg, palliative care,
metastatic malignancy, home oxygen, dialysis) conducted during purposefully sampled random
accrual times we performed a standardized, timed review of available health records, including
accompanying transfer documents. We also interviewed consenting patients and substitute decision
makers to compare available code status documents to their current wishes.
Results: Code status documentation was unavailable within 15 minutes of ED arrival in most cases
(54/85, or 63%). Retrieval time was under five minutes in the rest, especially when “one click deep”
in the EHR. When interviewed, 20/32 (63%) expressed “do not resuscitate” wishes, 10 of whom had
no supporting documentation. Patients from assisted-living (odds ratio [OR] 6.7; 95% confidence
interval [CI], 1.7-26) and long-term care facilities (OR 13; 95% CI, 2.5-65) were more likely to have a
documented code status available compared to those living in the community.
Conclusion: The majority of patients with end-stage disease, including half of those who would
not wish resuscitation from cardiorespiratory arrest, did not have code status documents readily
available upon arrival to our tertiary care ED. Patients living in the community with advanced disease
may be at higher risk for unwanted resuscitative efforts should they present to hospital in extremis.
While easily retrievable code status documentation within the EHR shows promise, its accuracy and
validity remain important considerations. [West J Emerg Med. 2021;22(3)628-635.]

INTRODUCTION
Decisions surrounding the resuscitation of a dying patient
are complex and time pressured, yet are often made by
emergency healthcare providers with incomplete or inaccurate
information. Attempts to resuscitate patients with end-stage
Western Journal of Emergency Medicine

disease are often futile, unnecessarily traumatic to the dying
patient and family, and disturbing to healthcare providers.1-3
Despite this, many patients with end-stage disease receive
invasive resuscitative interventions at the end of life despite
their expressed or implied goals of care.4-6 Many of these
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patients who present to the emergency department (ED) at the
end of life are often so ill that they are unable to communicate
their goals of care, including their code status,7 or they lack
the ability to make decisions about their care at the end of
life.8 In the absence of a readily available substitute decision
maker (SDM), patients’ wishes for resuscitation are best
obtained through code status documentation. The complexity
and time pressure surrounding the high-stakes decision
whether to withhold resuscitative efforts has increased with
the COVID-19 pandemic.9
While electronic health records (EHR) hold the promise
of rapid information retrieval, in many settings this remains
to be realized, especially for the more nuanced considerations
surrounding a patient’s code status. We wondered how often
patients with end-stage disease had code status documentation
available at the time of ED arrival. We also sought to measure
the delay to retrieval and the accuracy of this documentation
compared to current resuscitation wishes.

Population Health Research Capsule
What do we already know about this issue?
Patients with end-stage disease frequently present
to the emergency department (ED) at the end of
life, sometimes receiving unwanted resuscitation.
What was the research question?
What proportion of patients with end-stage
disease presenting to the ED have accessible
code status documents?
What was the major finding of the study?
Of 85 enrolled patients, 54 (63%) did not have
any available code status documentation,
either in paper or electronic form.

METHODS
Design
This cross-sectional study occurred from mid-June to
mid-August 2016 at a tertiary, academic acute-care hospital,
functioning as the referral center for a catchment population
of approximately 500,000, and with an ED census of 55,000
visits per year. Ethics approval was granted by the institutional
research ethics board.
Participant Recruitment
Inclusion criteria were developed by consensus among
study authors. We enrolled consecutive patients who met
at least one of five inclusion criteria: 1) palliative care
consultation within the prior three months; 2) metastatic
malignancy; 3) home oxygen use for chronic obstructive
pulmonary disease or heart failure; 4) dialysis for chronic
kidney disease; or 5) progressive neurodegenerative disease,
including a documented diagnosis of dementia, regardless of
severity. These criteria were meant to outline a patient cohort
for whom, if possible, most emergency physicians would
want to confirm their code statuses prior to proceeding with
invasive resuscitation efforts. Subjects were not required to be
critically ill to be enrolled in the study.
One author (ER) identified and recruited every eligible
patient present in the ED during random convenience
sampling, recruiting for 15-20 hours per week. This author
(ER) was separate from the patient’s care team. Sampling
times included dates from each day of the week, from 6 am
– 2 am the following day. Over the course of the enrolment
period, efforts were made to evenly distribute sampling
times across days of the week and time of day. We identified
eligible patients by scanning through the ED’s EHR to
see whether they met the inclusion criteria. All patients
who met inclusion criteria at the times when the recruiting
author (ER) was present in the ED were enrolled using a
Volume 22, no. 3: May 2021

How does this improve population health?
This underscores the need to increase code
status document rates and availability in the
ED for patients in the community with endstage disease.

standardized and structured protocol to try to retrieve code
status documentation. The same author then approached the
patient (or, if incapable, the SDM) to obtain consent for the
interview portion of the study, after excluding those who were
critically ill from the interview portion of the study. Outcome
measurements which did not require patient interview were
collected for every eligible patient, including those patients
who were not interviewed.
Outcome Measures
The primary outcome measure was the retrieval of
previously established code status documentation, either
from accompanying documents or from the hospital EHR
(QuadraMed CPR, Plano, TX). Secondary outcome measures
included the time required to obtain the code status, the
retrieval of our hospital’s “Patient’s Goals of Care Discussion
Form,” and concordance between the documented code
status as retrieved vs current wishes as expressed by the
patient or SDM at the time of the interview.For the purposes
of this study, code status was classified as either “full code”
(ie, full resuscitative measures in case of cardiorespiratory
arrest) or “DNR” (do not attempt resuscitation in that event).
DNR was explicitly defined as direction to not perform chest
compressions, defibrillation, and invasive ventilation. Code
status falls under the broader umbrella of goals of care,
which includes acceptability of other life-sustaining measures
interventions, as well as medical and symptom management.10
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Data Collection
All enrolled patients had demographic information
collected, as well as presenting complaint, and Canadian
Triage Acuity Scale (CTAS) scores were recorded. The
CTAS is a validated tool used in all Canadian EDs. When
triaging patients, emergency nurses assign CTAS scores to
patients, ranging from 1 – resuscitation, to 5 – non-urgent.
The process of how a score is assigned is determined by
patient complaint, specific modifiers (eg, patient age, vital
signs), and nursing assessment.11
For the primary outcome measure, we performed a timed
searched for existing documentation in the available medical
records. We developed a search algorithm by consensus to
mimic the steps an experienced emergency physician would
use for a patient unable to communicate and in extremis.
First, any accompanying paper documentation that had been
brought with a patient was reviewed (termed “accompanying
documentation”), such as transfer forms from a long-term
care facility. Second, the patient’s EHR was searched in the
following order: 1) selecting the single-click “Life Care Plans”
icon on the patient’s homepage; 2) discharge summaries
within the previous two years, 3) clinic reports within the
previous two years, or 4) all Ministry of Health and longterm care forms (including past ambulance records with any
prehospital advance directive form). The “Life Care Plans”
icon was introduced into the EHR approximately two years
prior to the study. It allows “one-click” access to scanned
copies of both “Do Not Resuscitate Confirmation” ministry
forms (Appendix A), as well as copies of the “Patient’s
Goals of Care Discussion Form” (Appendix B). The latter,
a standardized paper form at our hospital to capture goals of
care discussions, was introduced approximately one year prior
to the study with the expectation that it be completed routinely
during the admission process. In addition to recording
patients’ preferences on the scope of treatment they were
willing to receive, the form also recorded a discussion of the
patients’ understanding of their medical condition(s), their
values, priorities, and expectations of treatment.
The two time intervals spent searching either through
patients’ accompanying documentation or the EHR were each
recorded separately. The timer was stopped as soon as the first
documentation of code status had been located and read in
sufficient detail to classify with confidence as “full code” or
“DNR.” The search was terminated when all eligible records
had been reviewed, or the elapsed time had surpassed 15
minutes of dedicated searching. This curfew was determined a
priori as beyond the clinically relevant upper time limit during
active resuscitation.
One author (ER) interviewed all patients who consented
for interview. The partially scripted interview (Appendix C)
included a question about the patient’s current code status.
Patients (or their surrogate) were given the explicit options
of “full code” or “DNR,” and each option was explained
in lay language to the patient. If patients were uncertain of
Western Journal of Emergency Medicine
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their present goals of care, their responses were deemed “full
code.” Patients were also asked about their knowledge of laws
governing resuscitation, attitudes about the importance of
code status documentation availability in the ED, and about
any past invasive resuscitation or intensive care unit (ICU)
admission. We defined invasive resuscitative measures as
any one of the following: chest compressions; non-elective
intubation with mechanical ventilation; or defibrillation.
Analysis
We selected a priori six variables to test for association
with the primary outcome: place of residence; gender; age;
number of hospitals admission in the past year; prior ICU
admission; and prior invasive resuscitation. For all tests of
statistical significance, P < 0.05 was considered significant.
RESULTS
A total of 85 patients were enrolled in the study, of whom
32 (patient or SDM) were also interviewed (Table 1).
Only 31 (36%) enrolled patients had documented code status
that could be retrieved at the time of ED presentation (Table 2).
When code status documentation was found, it was
almost always available through the EHR (28 of 31 patients),
and most commonly found using the single-click “Life
Care Plans” icon on the EHR homepage. Of the 31 patients
with code status documentation, 13 had accompanying
documentation of the goals of care discussion. Not
surprisingly, when available either via accompanying paper
documentation or the “Life Care Plans” icon on the EHR,
code status could be determined within one minute (Figure 1).
When code status documentation was retrieved via other
means (eg, reviewing past discharge summaries or clinic
reports), the mean (± standard deviation) time to retrieval was
4.33 ± 2.57 minutes. In the remaining 54 cases (63%), no code
status documentation could be located, despite searching for
up to 15 minutes. If found, documented code status agreed
well but not perfectly with the current wishes of the patient (or
SDM) (Table 3).
Of the 12 patients who self-identified as “full code” on
interview, only three had documentation to support this. Of the
20 patients who self-identified as “DNR” on interview, only
10 had supporting documentation. There was one instance in
which a SDM for a patient indicated that the patient would be
full code despite code status documentation to the contrary, and
another in which the accompanying paper documents indicated
a patient’s code status as being “full code,” while both the EHR
and patient interview identified the patient as DNR.
Of the variables studied (Table 4), only patient residence
was associated with having available code status documents.
Patients from assisted-living (odds ratio [OR] 6.7; 95%
confidence interval [CI], 1.7-26) and long-term care facilities
(OR 13; 95% CI, 2.5-65) were more likely to have a
documented code status available compared to those living in
the community.

630

Volume 22, no. 3: May 2021

Russell et al.

Code Status Availability and Accuracy for ED Patients with End-stage Disease

Of the 32 patients or SDMs who consented to an interview,
14 (44%) reported being unaware that if a patient presents to

the ED in extremis, resuscitation efforts would be initiated in
the absence of a SDM or code status documentation saying

Table 1. Patient characteristics.
Age (median [interquartile range]), years
Admissions to hospital within the last year
(median [interquartile range])
Female

All patients enrolled (n = 85)

Patients interviewed (n = 32)

78 [67-86]

77 [69-87]

2 [0-4]

1[0-3]

47(55%)

17(53%)

Canadian triage acuity scale
1

1(1%)

0(0%)

2

20(24%)

7(22%)

3

56(67%)

21(66%)

4

6(7%)

2(6%)

5

0(0%)

0(0%)

Not recorded

2(2%)

2(6%)

8(9%)

4(13%)

Metastatic malignancy

24(28%)

9(28%)

Chronic obstructive pulmonary
disease dependent on home oxygen

20(23%)

10(31%)

6(7%)

0(0%)

Chronic kidney disease on dialysis

13(15%)

6(19%)

Progressive neurodegenerative
disease

32(36%)

11(34%)

Walk-in

21(25%)

17(53%)

Emergency medical services

52(61%)

12(37%)

Transfer

12(14%)

3(9%)

64(75%)

24(75%)

9(11%)

3(9%)

10(13%)

4(13%)

2(2%)

1(3%)

Inclusion criteria met
Palliative care patient or consult

Congestive heart failure dependent on
home oxygen

Arrival to hospital

Place of fesidence
Community
Assisted-living
Long-term care
Not recorded
Presenting complaint
Dyspnea

16(19%)

7(22%)

General weakness

8(9%)

2(6%)

Consult for another service

7(8%)

2(6%)

Confusion

6(7%)

1(3%)

Fall trauma

5(6%)

2(6%)

Nausea/vomiting

5(6%)

3(9%)

Seizure

4(5%)

0(0%)

Back pain

4(5%)

1(3%)

36(42%)

14(44%)

Other*

*Other: diarrhea, abdominal pain, altered level of consciousness, pressure ulcer, head injury, anxiety, abdominal distension, abnormal
lab values, generalized edema, palpitations, fever, gastrointestinal bleed, urinary retention, chest pain, laceration, flank pain, imaging
required, hemoptysis, musculoskeletal injury, stroke.
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Table 2. Code status documentation (N = 85).
N (%)
Explicit code status documentation obtained

31(36%)

Medium through which code status was available
Accompanying paper documentation

13(15%)

EHR

28(33%)

Single-click shortcut

20(23%)

Discharge summary

2(2%)

Clinic reports
Patients with a completed “Patient’s Goals of Care
Discussion Form” (Appendix B)

6(7%)
13(15%)

Note: In several cases, code status documentation could be
obtained through both paper documentation and the EHR.
This explains why the sum of paper documentation and EMR
documentation exceeds the total cases of explicit code status
documentation obtained.
EHR, electronic health record.

otherwise. Twenty-seven (85%) of the patients interviewed
thought that it was important for ED staff to know their code
status. Twelve patients (37%) reported having an existing
advance directive, and one had brought it to hospital.
DISCUSSION
Most patients with end-stage disease, including half of
those who would not wish resuscitation from cardiorespiratory

Russell et al.

arrest, did not have any code status documents readily
available upon arrival to our ED. By focusing on code status
availability in patients with end-stage disease processes at the
time of ED presentation, we sought to explore the clinically
important issue of how often such patients were at risk for
unwanted or unnecessary resuscitative efforts if they were to
arrive in extremis. Only one in three patients had code status
documentation readily available on presentation to the ED,
yet the majority of those interviewed agreed it was important
for emergency physicians to have access to their documented
code status. Reassuringly, when code status documentation
was available, it was almost always consistent with the current
wishes of the patient or SDM. Code status preferences are
generally durable over time, especially for those wishing to
restrict the invasiveness of their care.12
The availability and retrieval of code status at the time
of ED presentation has not been well studied. In another
single-center Canadian study, only 35% of 280 enrolled
patients knew what an advance directive was, 19.3% had a
documented advance directive, and 5.6% had brought it to
the ED.13 Other studies of admitted patients found variable
documentation rates, ranging from 0.53-10.3% for all admitted
patients,14,15 rising to 30-36% for admitted patients with endstage disease.16,17 For patients who are critically ill when
admitted to hospital, or who reside in a long-term care facility,
obtaining and documenting a code status is a well-established
practice.5,18 While code status may not be documented on all
discharge summaries, the immediate location and retrieval of a

Figure 1. Time interval needed to obtain code status documentation from either accompanying paper documentation (Accompanying
documentation), or the electronic health record (ie, “Goals of Care” icon, discharge summary, or clinic report)
Note: When the search was terminated prior to the 15-minute mark because available records had been reviewed and did not contain
code status documents, this time was not recorded.
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Table 3. Concordance of code status documentation with patient or substitute decision maker report (N = 34).
Patient (or SDM) stated code status
Full code
Code status on record

DNR

Full code

3(9%)

1(3%)**

DNR

1(3%)*

10(30%)

Undocumented

9(27%)

10(30%)

Note: There was one instance where the substitute decision maker (SDM) expressed goals of care that were not consistent with the
recorded goals of care,* and one instance of two different recorded goals of care.** This accounts for why the total responses in Table 3
is 34 for 32 patients interviewed.
SDM, substitute decision maker; DNR, do not resuscitate.

patient’s prior goals of care should be a priority for any health
informatics system, comparable in many ways to allergy or
prior violence alerts. While EHR systems continue to mature,
our findings highlight the utility of designing an EHR with
immediate access to a patient’s documented code status.
For those patients with code status documents, we
demonstrated near immediate retrieval using either review of
paper forms accompanying a transfer, or with a quick-access
icon in the EHR. Retrieval times were much longer when
reading through recent discharge summaries or clinic reports.
Importantly, most of these latter sources failed to produce any
information regarding code status even after a prolonged and
concerted effort, leaving the residual uncertainty of whether
the issue had ever been discussed. Limited access to palliative
care patients’ full medical record is a major barrier to providing
quality, patient-centered palliative care in the ED.19 Moving
forward, healthcare systems should require greater information
integration across clinical environments (ie, ED, family
physician offices, outpatient clinics, inpatient services).13,20
There are several examples of rapid access, centralized codestatus systems for frontline emergency healthcare providers in
other jurisdictions that warrant exploration.21-24
Of all patients interviewed, the majority self-identified
as “DNR,” despite many lacking documentation to support
this assertion. These patients could have received unwanted
resuscitations had they presented to hospital in extremis,
absent a knowledgeable SDM. This unacceptably high number
may be partially driven by only half of interviewed patients
being aware that full resuscitative efforts could be initiated in
the absence of documentation or an SDM to say otherwise.
More than one-third of recruited patients interviewed
self-identified as “full code,” indicating that advanced
disease does not reliably predict desired resuscitative
interventions, despite the poor outcomes.23 It has long been
known that patients and their families grossly overestimate
the benefit of cardiopulmonary resuscitation.16,25 Engaging
patients with end-stage disease and their families on the
realities of resuscitation is an important conversation, and
one they are more likely to participate in if they perceive it
to be personally relevant.16 Further, patients with end-stage
disease who participate in end-of-life care discussions with
their caregivers and healthcare providers experience much
Volume 22, no. 3: May 2021

lower rates of mechanical ventilation, ICU admission, and
invasive resuscitation.26,27
Consistent with previous studies, place of residence
was strongly associated with patients’ likelihood of having
accessible code status documentation.18,28 Three in four of
our recruited patients lived at home, emphasizing the need to
target these patients regarding code status discussions.
LIMITATIONS
This cross-sectional, single-center study was performed
at a time when EHRs are rapidly evolving. Despite the
small sample size reducing the precision of our estimates,
we believe that the broader issue of difficulties in retrieving
or demonstrating the absence of code status documentation
apply to many healthcare systems and information networks.
With respect to the recruitment process, due to staffing
restraints our recruitment times for this study omitted the
hours 2 am - 6 am , a time when EDs typically have the
lowest amount of coverage. While it would have been
preferable to recruit during all times of day, because the
recruiter was separate from the patients’ care team this fourhour gap in recruitment time should not have significantly
impacted our study’s results.
Unfortunately, less than half of patients who were
enrolled in the study consented for an interview. The
reasons for this are multifactorial: patients declined to
an interview because this was their preference; patients
lacked the capacity to consent for an interview and an SDM
was not available; or they were so critically ill that it was
inappropriate to consent a patient (or SDM) for an interview.
We acknowledge that this limits the robustness of data
gleaned from the patient interviews and introduces some
element of selection bias. Additionally, the use of dementia
as an inclusion criterion was not meant to imply that all
such patients are near the end of life. Rather, such patients
were included given their exclusion from most prior studies,
the challenges of quickly determining capacity, and the
progressive and common nature of this disease.
This study took place in an academic, tertiary-care center
where typically a member of the care team could be tasked
with reviewing a patient’s prior code status documentation.
We recognize that not all ED settings have enough physician

633

Western Journal of Emergency Medicine

Code Status Availability and Accuracy for ED Patients with End-stage Disease
Table 4. Analysis of factors associated with the presence of goalsof-care documentation.
Code status documentation
Place of residence

Yes

No

OR [95% CI]

8

2

13 [2.5-65]

Long-term care

8

2

13 [2.5-65]

Assisted-living

6

3

6.7 [1.7-26]

Community

14

47

Ref

14

47

Ref

Male

10

28

0.41 [0.17-1.04]

Female

22

25

Ref

Gender

9

11

1.7 [0.52-6.6]

77-86

8

15

1.1 [0.34-4.1]

68-76

7

13

1.1 [0.31-4.4]

0-67

7

15

Ref

≥3

16

14

2.6 [0.85-8.01]

1-2

8

24

0.76 [0.25-2.5]

0

7

16

Ref

Yes

7

6

1.7 [0.44-6.2]

No

9

13

Ref
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Introduction: The purpose of this study was to characterize the at-risk diabetes and prediabetes patient
population visiting emergency department (ED) and urgent care (UC) centers in upstate South Carolina.
Methods: We conducted this retrospective study at the largest non-profit healthcare system in South
Carolina, using electronic health record (EHR) data of patients who had an ED or UC visit between
February 2, 2016–July 31, 2018. Key variables including International Classification of Diseases, 10th
Revision codes, laboratory test results, family history, medication, and demographic characteristics
were used to classify the patients as healthy, having prediabetes, having diabetes, being at-risk for
prediabetes, or being at-risk for diabetes. Patients who were known to have diabetes were classified
further as having controlled diabetes, management challenged, or uncontrolled diabetes. Population
analysis was stratified by the patient’s annual number of ED/UC visits.
Results: The risk stratification revealed 4.58% unique patients with unrecognized diabetes and 10.34%
of the known patients with diabetes considered to be suboptimally controlled. Patients identified
as diabetes management challenged had more ED/UC visits. Of note, 33.95% of the patients had
unrecognized prediabetes/diabetes risk factors identified during their ED/UC with 87.95% having some
form of healthcare insurance.
Conclusion: This study supports the idea that a single ED/UC unscheduled visit can identify individuals
with unrecognized diabetes and an at-risk prediabetes population using EHR data. A patient’s ED/
UC visit, regardless of their primary reason for seeking care, may be an opportunity to provide early
identification and diabetes disease management enrollment to augment the medical care of our
community. [West J Emerg Med. 2021;22(3)636-643.]

INTRODUCTION
Evidence continues to support preventive services as
one solution to reducing patient morbidity and mortality
Western Journal of Emergency Medicine

and decreasing healthcare system demands and costs.1,2
Appropriately, healthcare system decision-makers have shifted
their focus toward preventive screening, early detection, and
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management of chronic diseases such as diabetes. The US
Centers for Disease Control and Prevention (CDC) reports
30.3 million Americans (9.4%) have diabetes and another
84.1 million (33.9%) have prediabetes.3 South Carolina ranks
seventh highest in the nation for an adult population with
diabetes, and approximately 1 in 6 African-Americans living
in South Carolina have diabetes.4 In addition, the emergency
department (ED) and urgent care (UC) patient population is
known to have a high prevalence of diabetes risk factors and
undiagnosed diabetes.5 As an episodic and unscheduled access
point into the US healthcare system, an ED or UC visit is an
ideal location for acute disease management and public health
surveillance of a community’s burden with diabetes.
Prior research demonstrates that ED diabetes surveillance
protocols using only random, blood glucose measurements
have been successful.6-10 Patient characteristics, such as
demographics,11 body mass index (BMI), family history,
comorbidities, and laboratory measures of impaired glucose
tolerance, hemoglobin A1c (HbA1c), cholesterol, and
triglycerides, can be used to refine a screening decision for
diabetes. Confirmatory testing such as fasting plasma glucose,
oral glucose tolerance testing, or HbA1C should be considered
for definitive diabetes diagnosis.
The adoption of a healthcare systemwide, patient
electronic health record (EHR) makes it possible to use
dynamic and continuous patient data inquiry for real-time
clinical decision-making. Decision-making heuristics and
algorithms are being advanced to help notify and advise
clinicians of an at-risk patient. In addition, as ED clinicians
continue to expand their scope of practice toward early
detection and morbidity reduction, exampled by successful
human immunodeficiency virus12 and opioid-misuse
screening,13 understanding the characteristics of an at-risk
population is paramount.
In a proof-of-concept data exploration and risk
classification study, we sought to describe the at-risk
population for prediabetes and diabetes and those with
suboptimally controlled diabetes in the general ED and
UC population in upstate South Carolina. Using clinical
classification rules based on variables commonly collected in a
patient’s EHR and the American Diabetes Association (ADA)
Standards of Medical Care in Diabetes,14 we described the
characteristics of the broad at-risk diabetes patient population
that may not otherwise interact with the healthcare system.
Additionally, we geographically mapped the at-risk population
to reveal where resources such as primary care clinics or
chronic disease management programs access should be
focused and allocated.
METHODS
This was a retrospective descriptive study of a single
healthcare system’s EHR containing data on patients who
presented to the ED or UC centers of the study location, a
health system in South Carolina between February 2, 2016–
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Prior research demonstrates that emergency
department (ED) diabetes surveillance protocols
using random blood glucose measurements have
been successful.
What was the research question?
Our goal was to characterize the at-risk
diabetes and prediabetes patient population
visiting ED and urgent care (UC) centers in
upstate South Carolina.
What was the major finding of the study?
A single ED/UC unscheduled visit can identify
individuals with unrecognized diabetes and
an at-risk prediabetes using electronic health
records data.
How does this improve population health?
A patient’s ED/UC visit, independent of the
reason, may be an opportunity to provide
early identification and diabetes disease
management enrollment.

July 31, 2018. The health system provides comprehensive
healthcare for the 11 counties in upstate South Carolina
serving a population of 1.4 million and is the region’s
largest health system. The study location’s department of
emergency medicine includes seven hospital-based EDs
and six UC centers. The hospital-based EDs range from
rural access hospitals to an academic American College
of Surgeons-verified Level I trauma center that, in total,
serve more than 360,000 emergent patients annually. The
six UC centers are open 16 hours each weekday with 14
hours of weekend hourly coverage seeing approximately
100,000 patients annually. The health system’s institutional
review board determined this study not to constitute human
subjects research.
Study Population
For all patients 18 years of age and older, their ED and
UC visits were considered a sentinel event to query diabetesspecific screening variables included in the EHR. For patients
with multiple visits, only the most recent visit was considered
for their risk classification and labeling. Data were extracted
from the EHR based on a predetermined set of variables
selected by the researchers. These variables contained a preset
data code that healthcare system report writers aggregated
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to generate the final subject dataset for analysis. All reports
generated by the report writers were merged using a patient
identifier as a linking pin and then de-identified for our
analysis. The healthcare system report writers were blinded to
the study purpose and hypothesis development.
The anonymized data used to define the risk
classification included the following: a) patient
demographics; b) insurance status; c) ED/UC visit acquired
or previously entered laboratory results: glucose, HbA1C,
triglycerides, high-density lipoprotein cholesterol; (d)
presence of 12 classes of diabetes-related medication, oral
or injectable; (e) problem list, entered by the healthcare
providers; (f) self-reported diabetes-related family history;
and g) diabetes-related diagnosis and International
Classification of Diseases, 10th Revision (ICD-10) codes. We
performed data processing and classification using Microsoft
Excel 2016 (Microsoft Corporation, Redmond, WA) and
Stata package v 14.2 (StataCorp, College Station, TX).
Figure 1 describes the data processing elimination rules
used to identify the patient subpopulations with one, two or
three, or more than four ED/UC visits/year. Patients with
incomplete information regarding ED/UC admission date,
BMI, laboratory results, past medical history, and patients
who resided in other states than South Carolina, North
Carolina, and Georgia were sequentially eliminated from
the original data pool. To further homogenize the patient
population for analysis, we grouped patients into one of three
categories based on their total number of ED visits within
our time horizon. These subpopulations were used to further
define the risk classification of the patients and to explore the
differences as a function of ED/UC utilization.
Risk Classification Rules
Using only EHR information, we classified each patient
based on modified ADA screening guidelines14 and the
study location’s definitions for diabetes chronic disease

management. Previous diabetes diagnosis, ICD-10 diabetesrelated codes, diabetes-related problems on the patient
problem list, family history, past laboratory values, or
hypoglycemic medications were all considered equivalent
for labeling purposes. We determined final patient risk
classifications using the decision-making process presented
in Figure 2.
The four main classes of patients and their classification rules
included the following:
1. Otherwise “healthy”: no prediabetes or diabetes diagnosis
or characteristics that indicate a negligible risk of acquiring
the disease.
Classification rules:
IF patient has BMI < 25 and NO risk factors as per
the ADA screening guidelines.14
2. Labeled having prediabetes: diagnosis present.
Classification rules:
IF patient has (1) the ICD-10 code R73 present OR
(2) problem list indicates the diagnosis.
3. Labeled having diabetes: diagnosis present and disease
management recorded.
Classification rules:
IF patient has (1) one of the ICD-10 codes E08, E09,
E10, E11, E13, O24 present OR (2) problem list indicates
the diagnosis OR (3) diabetes medication prescribed, oral
or injectable.
3.1. Well managed: HbA1C value present and < 7%.
Classification rules:
IF HbA1C test value < 7% (1) during the ED/UC visit
OR (2) from the EHR.
3.2. Management challenged: no HbA1C value or value
between 7% and 8.5%.
Classification rules:
IF the patient HbA1C test value is between 7% and
8.5% (1) during the ED/UC visit OR (2) from the EHR

Figure 1. Data processing elimination rules and final sub-populations creation.
ED, emergency department; UC, urgent care; BMI, body mass index.
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Figure 2. Decision-making process for patients’ classification.
ED, emergency department; EHR, electronic health records; BMI, body mass index; HbA1C, hemoglobin A1C; HDL, high-density lipoprotein.

OR (3) no record of the test exists.
3.3. Poorly managed: HbA1c > 8.5%.
Classification rules:
IF the patient HbA1C test value > 8.5% (1) during the
ED/UC visit OR (2) from the EHR.
4. Unlabeled at-risk: undiagnosed prediabetes or diabetes
with at-risk characteristics.
4.1. Unlabeled diabetes at-risk: tests values during the
ED/UC visit outside the normal range.
Classification rules:
IF the patient (1) HbA1C test value > 7% during the
ED/UC visit OR (2) glucose test value > 140 milligrams
per deciliter (mg/dL).
4.2. Unlabeled prediabetes at risk: combination
of diabetes risk factors as per ADA screening
guidelines.11
Classification rules:
IF the patient satisfies one of the following: (1) BMI
≥ 25 and race – African-American OR (2) BMI ≥ 25 and
race – Hispanic OR (3) BMI ≥ 25 and Age ≥ 45 OR (4)
BMI ≥ 25 and family history indicates: diabetes, diabetes
type I, diabetes type II, gestational diabetes, diabetic kidney
disease or metabolic syndrome OR (5) BMI ≥ 25 and
triglycerides ≥ 25 mg/dL test values from ED/UC or EHR
OR (6) BMI ≥ 25 and HDL cholesterol < 35 mg/dL test
values from ED/UC.
IF a patient has no BMI, but one of the following
combinations of risk factors: (1) race – AfricanAmerican and age ≥ 45 OR (2) race – African-American
and family history indicates diabetes-related diagnosis
OR (3) race – African-American and triglycerides ≥ 250
mg/dL test values from ED/UC or HER OR (4) race –
Volume 22, no. 3: May 2021

African-American and HDL cholesterol < 35 mg/dL test
values from ED/UC OR (5) race – Hispanic and age ≥
45 OR (6) race – Hispanic and family history indicates
diabetes-related diagnosis OR (7) race – Hispanic and
triglycerides ≥ 250 mg/dL test values from ED/UC or
EHR OR (8) race – Hispanic and HDL cholesterol < 35
mg/dL test values from ED/UC.
Testing the Risk Classification Results Against the
National Averages
Based on the classification described in Figure 2, we
classified the proportion of patients captured by each category of
interest. A post hoc test of appropriateness of the ED/UC sample
data comparing the subpopulation of diabetes prevalence to
national averages included a Z-test statistic. Nationally 7.17% of
the population has diabetes, 2.23% have undiagnosed diabetes,
and 33.90% are individuals with prediabetes.3
Risk Classification Mapping for Upstate South Carolina
At-risk Population
For mapping purposes, the ZIP codes used were self-reported
by the patients during their ED/UC visit. No verification of the
address was made to attest whether the patient resided at that
address. We removed ZIP codes that corresponded to post office
boxes, specific companies, or organizations. Patient data were
then geocoded using ZIP code boundaries defined by the US
Postal Service for 2018 and compiled by TomTom (TomTom
International N.V., Amsterdam, Netherlands) in Esri format
(Environmental Systems Research Institute, Redlands, CA).15 We
calculated prevalence for each category by dividing the number
of patients by estimated total population in that ZIP code for
2018. Population estimates were obtained from 2019–2024 Esri
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updated demographics.16 Once calculated, prevalence rates for
each ZIP code in upstate South Carolina were represented using
equal interval or natural breaks classification function of the
distribution of the data. All maps presented were obtained using

Esri’s ArcGIS software. Further, we analyzed the prevalence
of labeled and unlabeled patients with diabetes as a function
of race/ethnic background, which is known to be an important
discriminating factor.11

Table1. Demographic and classification characteristics of the emergency department (ED) / urgent care (UC) patients.
Variable

1 ED/UC visit/year

2 or 3 ED/UC visits/year

≥ 4 ED/UC visits/year

Total

173,364 (63.53)

78,054 (28.60)

21,469 (7.87)

272,887 (100)

Male

80,457 (46.41)†

33,420 (42.82)

8,342 (38.86)

122,219 (44.79)‡

Female

92,873 (53.57)

44,629 (57.18)

13,126 (61.14)

150,628 (55.20)

34 (0.02)

5 (<0.01)

1 (<0.01)

40 (0.01)

White

129,557 (74.73)

58,517 (74.97)

15,715 (73.20)

203,789 (74.68)

African-American

29,948 (17.27)

15,098 (19.34)

4,918 (22.91)

49,964 (18.31)

Hispanic

8,900 (5.13)

2,894 (3.71)

517 (2.41)

12,311 (4.51)

Other§

4,959 (2.86)

1,545 (1.98)

319 (1.49)

6,823 (2.50)

Number of unique patients
Gender

Other
Race/Ethnicity

Age (years)
< 20

7,427 (4.28)

2,310 (2.96)

389 (1.81)

10,126 (3.71)

20-39

64,304 (37.09)

28,266 (36.21)

7,692 (35.83)

100,262 (36.74)

40-59

56,348 (32.50)

24,604 (31.52)

6,806 (31.70)

87,758 (32.16)

60-79

36,796 (21.22)

17,174 (22.00)

4,744 (22.10)

58,714 (21.52)

> 80

8,489 (4.90)

5,700 (7.30)

1,838 (8.56)

16,027 (5.87)

Medicare**

38,143 (22.00)

21,225 (27.19)

7,385 (34.40)

66,753 (24.46)

Medicaid††

13,038 (7.52)

8,288 (10.62)

3,963 (18.46)

25,289 (9.27)

Insurance

Self-pay

441 (0.25)

230 (0.29)

90 (0.42)

761 (0.28)

Commercial‡‡

98,709 (56.94)

40,871 (52.36)

8,379 (39.03)

147,959 (54.22)

Unknown

23,033 (13.29)

7,440 (9.53)

1,652 (7.69)

32,125 (11.77)

92,744 (53.50)

36,432 (46.68)

8,014 (37.33)

137,190 (50.27)

529 (0.31)

597 (0.76)

304 (1.42)

1,430 (0.52)

14,682 (8.47)

10,143 (12.99)

4,480 (20.87)

29,305 (10.74)

667 (0.38)

529 (0.68)

244 (1.14)

1,440 (0.53)

13,442 (7.75)

9,183 (11.76)

4,027 (18.76)

26,652 (9.77)

705 (0.41)

580 (0.74)

274 (1.28)

1,559 (0.57)

65,452 (37.75)

30,963 (39.67)

8,732 (40.67)

105,147 (38.53)

8,349 (4.82)

3,303 (4.23)

853 (3.97)

12,505 (4.58)

Risk Classification
(1) Otherwise “healthy”
(2) Labeled having prediabetes
(3) Labeled having diabetes
(3.1) Well managed
(3.2) Management
challenged
(3.3) Poorly managed
(4) Unlabeled at-risk
(4.1) Unlabeled diabetes
at-risk

(4.2) Unlabeled
57,103 (32.94)
27,660 (35.44)
7,879 (36.70)
92,642 (33.95)
prediabetes at-risk
*Data are reported as n (%).
†
% in columns 2, 3 and 4 are a calculated function of the total number of unique patients identified for each of the three subpopulations.
‡
% in column 5 are a calculated function of the total number of unique patients identified in the data set.
§
“Other” category includes American Indian or Alaska Native, Asian, biracial or multiracial, unknown, Native Hawaiian or other Pacific
Islander, Patient refused, Other.
**Medicare and Medicare Advanced.
††
Medicaid, Medicaid managed care organization, and pending Medicaid.
‡‡
Commercial, Blue Cross, Liability, Managed Care, Tricare, Worker’s Comp, Other.
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Table 2. Prevalence of labeled and unlabeled patients with diabetes as a function of race/ethnicity.
Total

% Per race
category§§

(3) % Labeled
having diabetes***

(4.1) % Unlabeled
diabetes at-risk

Total diabetes
patients

Number of unique patients

272,887

29,305

12,505

41,810

White

203,789

74.68%

10.39%

4.75%

15.13%

African-American

49,964

18.31%

13.05%

5.20%

18.25%

Hispanic

12,311

4.51%

8.37%

5.15%

13.52%

Others
6,823
2.50%
§§
% are calculated as a function of the total number of unique patients.
***% calculated as a function of the race/ethnic categories of interest.

RESULTS
Using the classification process described in Figure 2
and the risk classification rules, the following summary risk
classification was obtained for each of the three subpopulations
of interest (Table 1) and race/ethnic backgrounds. (Table 2).
The Z-test statistic that compared the sample proportions
to the national averages for all three subpopulations were
significant (P-values < 0.05): labeled having diabetes, 95%
confidence interval [CI], 10.62%-10.85%; unlabeled diabetes
at-risk, 95% CI, 4.50%-4.66%; labeled having prediabetes, 95%
CI, 34.29%-34.65%. Thus, the proportion of disease identified
in the sample, for each category, is greater in upstate South
Carolina than the reported national levels.
The mapping further identified the areas of highest
prevalence of our at-risk population of interest, Figures 3 and 4.
DISCUSSION
This proof-of-concept study supports the idea that an ED/
UC unscheduled visit can identify individuals with diabetes and
at risk for diabetes in the population using EHR data. Our risk
stratification revealed 4.58% unique patients with unrecognized

diabetes, with 10.34% of the known individuals with diabetes
considered to be suboptimally controlled. As expected, the
patients posing diabetes management challenges had more ED/
UC visits. Yet the percentage of unrecognized individuals with
diabetes was similar across the patients with 1-3 or more ED/UC
visits per year, around 4%. In addition, 33.95% of the patients had
prediabetes risk factors identified during their ED/UC visit.
The prevalence of diabetes is known to be related to race/
ethinicity11 of the population. Our data sample from upstate
South Carolina demonstrates a disproportionate prevalence in
the race categories, with 74.68% of our patients being White.11
And while our data are from an undifferentiated population
that includes healthy and at-risk diabetes patients, our
prevalence results of the disease identify similar race/ethnicity
disparities compared to the national level. For example, our
sample included 4.51% Hispanic, of whom 8.37% were
labeled having diabetes and 5.15% were unlabeled patients at
risk for diabetes. Our results may reflect other geographic and
cultural characteristic present in South Carolina.
A patient’s ED or UC visit, regardless of their primary
reason for seeking care, may be an opportunity to provide early

Figure 3. Labeled prediabetes or diabetes diagnosis: (3a) labeled having prediabetes; (3b) labeled having diabetes – management
challenged; (3c) labeled having diabetes – poorly managed.
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Figure 4. Unlabeled prediabetes or diabetes: (4a) unlabeled diabetes at risk; (4b) unlabeled prediabetes at risk.

identification and disease management enrollment to augment
the healthcare safety net of the community. Collaboration with
and referral to chronic disease management programs may be
facilitated with the recognition that most of the patients in this
community have some form of insurance, 87.95%.
When comparing the proportions obtained in the ED/UC
sample data vs the national averages, we observed that indeed the
sample proportions are higher. Even though the national averages
tend to underestimate the disease prevalence for the areas with
increased number of cases, the clinical definitions used to label
our patients are more conservative than the ones used to generate
the national averages.3 Thus, our estimate is conservative.
Not surprising, the mapping suggests that social
determinants of health may influence where the at-risk
prediabetes and diabetes population resides. Linkages
with our dataset to other public health surveillance,
economic, educational, and demographic data sources may
further inform decision-makers on the best interventions
to pursue.17 Our data suggest no single demographic-,
geographic- or socioeconomic-focused intervention will
likely be successful to reduce diabetes prevalence in
upstate South Carolina.
The automated identification by the EHR system of an
at-risk patient, based on his/her characteristics, could inform
the healthcare provider to start an early detection or diseases
management improvement process for that individual
patient. The future ED/UC role may include identification of
the at-risk patients who could benefit from an unscheduled
preventive screening for diabetes, ordering a screening
HbA1c test, and then referring these patients to a diabetes
prevention program or self-management program. This
initial ED/UC visit integrated with a referral and follow-up
procedure may improve patient care access with minimal
ED resource utilization. This study did not evaluate whether
Western Journal of Emergency Medicine

integrating such a screening program into the ED/UC system
would potentially adversely affect patient flow or assess
clinician adoption even with an EHR warning.
LIMITATIONS
As a retrospective, risk-stratification study, several
limitations should be noted. First, the data were collected from
the EHR of a single healthcare system in a region of the country
with a known high prevalence of the target disease, diabetes.
Patients may have been members of another healthcare system
that did not share data with the study location. The results
obtained may not be generalizable to other geographic regions
of the United States. Second, our classification and labeling
of the patients was based on limited clinical, demographic,
pharmaceutical, and laboratory information, with no
confirmatory or fasting tests performed in a non-acute setting.
Race and ethnicity were gleaned from the EHR that is generated
upon patient registration and are self-reported. We did not use
the current ADA standard glycemic values for diabetes; rather,
we set the threshold higher due to the unscheduled acute setting.
Additionally, it is recognized that hypoglycemic medications
are used to treat diseases other than diabetes.
Finally, and as with any large dataset, missing and
misaligned data points recorded in the EHR from multiple
databases were not tested for bias. We focused our
analysis only on the last known ED/UC visit, augmented
with historical medical data, with 0.067% of the patients
categorized in multiple classes and kept in the dataset.
CONCLUSION
This proof-of-concept model shows the potential of
incorporating clinical decision-making rules via advanced data
analytics algorithms into the ED/UC EHR to identify an at-risk
population for diabetes. The geographic information system
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mapping of EHR clinical data with other public datasets may
further inform decision-makers of where and how interventions
should be crafted to address this complex disease. The proposed
preventive screening program may be most beneficial in areas
where limited healthcare access exists, but where community
healthcare agents are well established. This will ensure that
the proposed follow-up mechanism of the referral from the
ED/UC to a community-based diabetes program will be
successful. Future work will need to address the development of
a clinician-adoptable, real-time predictive model and evaluate
patient post-visit resources required to improve the health of
individuals and our community in a region of the country with a
high prevalence of diabetes.
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Introduction: When discharging a patient from the emergency department (ED), it is crucial to make
sure that they understand their disposition and aftercare instructions. However, numerous factors
make it difficult to ensure that patients understand their next steps. Our objective was to determine
whether patient understanding of ED discharge and aftercare instructions could be improved through
instructional videos in addition to standard written discharge instructions.
Methods: This was a prospective pre- and post-intervention study conducted at a single-center,
academic tertiary care ED. Patients presenting with the five selective chief complaints (closed head
injury, vaginal bleeding, laceration care, splint care, and upper respiratory infection) were given
questionnaires after their discharge instructions to test comprehension. Once video discharge
instructions were implemented, patients received standard discharge instructions in addition to video
discharge instructions and were given the same questionnaire. A total of 120 patients were enrolled in
each group.
Results: There were significantly better survey scores after video discharge instructions (VDI) vs
standard discharge instructions (SDI) for the closed head injury (27% SDI vs 46% VDI, P = 0.003);
upper respiratory infection (28% SDI vs 64% VDI; P < 0.0001); and vaginal bleeding in early
pregnancy groups (20% SDI vs 60% VDI, P < 0.0001). There were no significant differences in
survey scores between the splint care (53% SDI vs 66% VDI; P = 0.08) and suture care groups (29%
SDI vs 31% VDI; P = 0.40).
Conclusion: Video discharge instructions supplementing standard written instructions can help
improve patient comprehension and information retention. This better understanding of aftercare
instructions is essential to patient follow-up and has been shown to improve patient outcomes. [West
J Emerg Med. 2021;22(3)644–647.]

INTRODUCTION
Discharge of patients from the emergency department
(ED) generally includes physician discussion with the patient
regarding results, treatment, and discharge plan, followed by
the patient receiving paper discharge instructions, which are

Western Journal of Emergency Medicine

reviewed with the patient by the nurse at the time of discharge.
Although this process is standard in many EDs across the
United States, it is severely flawed. Many factors including
time constraints and the unpredictability of the ED contribute
to this flaw.1 Due to time constraints on both physicians and
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nurses, the amount of time to answer questions and ensure
patient understanding during discharge is limited. Previous
research has shown that only about 45-50% of patients or
caregivers are able to understand their standard discharge
instructions (SDI).2 This is confirmed by several studies
showing poor patient understanding using questionnaires at
or after discharge.3-5 Decreased understanding of discharge
instructions then leads to decreased compliance, inadequate
follow-up, increased readmission rates, and decreased patient
satisfaction.1 It is also known that low health literacy is
associated with higher utilization of the ED and with higher
rates of return within 14 days.6 This issue is complicated by
the fact that approximately 14.5% of individuals aged 16 years
or older are illiterate (National Assessment of Adult Literacy).7
Many recommendations have been made on how to
improve patient understanding at discharge. One way that
has been proposed is the use of video discharge instructions
(VDI).4 This provides patients with a multimodal way of
receiving their diagnosis, management, and treatment plan. In
addition, it provides a standardization of information regardless
of patients’ literacy, provider’s time to answer questions, and
time constraints of nurses. Video discharge instructions have
been previously shown to be effective at improving patient and
caregiver understanding of their diagnosis in pediatric EDs with
common complaints such as fever or closed head injury.8,9
METHODS
This was a prospective pre- and post-intervention study
with convenience sampling done at a single-center, academic
tertiary care ED. The study included any adult patients
discharged from the ED with any of the five selected discharge
diagnoses: vaginal bleeding in early pregnancy; concussion;
splint care; laceration care; or upper respiratory tract infection.
Topics were selected based on the most common diagnoses
seen in the ED. Five diagnoses from the top 10 most common
diagnoses were selected by an expert panel of emergency
physicians based on available resources and topics that were
more complex and would best benefit from VDIs.
We calculated a power analysis assuming the standard
deviation (SD) of correct responses to be 25%, and 100
patients in each of the two groups would provide an 80%
power to detect a difference of 10% of correct responses on
the questionnaires. We aimed to recruit 240 patients to allow
for up to 20% incomplete data.
Questionnaires (Supplement A) were developed based on
existing standard written discharge instructions in our electronic
health record (EHR) system (Epic Systems Corporation,
Verona, WI). These questionnaires covered common
management of the diagnoses, aftercare, and return precautions.
They were developed by a panel of experts (emergency
physicians), and then refined by review with patients of various
education levels to ensure adequate understanding.
From July 2017–November 2017 120 patients
were enrolled and completed the questionnaires before
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Previous research has shown that only about
45-50% of patients or caregivers are able to
understand their discharge instructions (SDI).
What was the research question?
To determine whether patient understanding of
ED discharge and aftercare instructions could be
improved through instructional videos in addition
to standard written discharge instructions.
What was the major finding of the study?
Video discharge instructions supplementing
standard written instructions can help improve
patient comprehension and information retention.
How does this improve population health?
This better understanding of aftercare
instructions is essential to patient follow-up and
has been shown to improve patient outcomes.

implementation of VDIs. During this time, VDIs were created
based on the same content in the standard written discharge
instructions in the EHR system (Supplement B). Scripts and
storyboards were created, edited by the same expert panel that
created the questionnaire, and then reviewed by patients of
various education levels to ensure appropriate level of language
and understanding. Videos were then created by whiteboard
video animator wizMotions (Whiteboard Studios LLC, Toronto,
ON, Canada). Before videos were finalized, they were again
presented to patients of various education levels to confirm
appropriate level of language and understanding.
Once VDIs were implemented, patients received SDIs
in addition to the VDIs. From February 2018–April 2018
we enrolled 120 patients in the post-intervention study.
Participants were then given the same questionnaire.
Questionnaires were scored and entered into an Excel
spreadsheet (Microsoft Corp, Redmond, WA) to calculate the
mean. We calculated statistical significance between the SDI
group vs those who received VDIs using unpaired t-tests.
RESULTS
A total of 120 patients received the SDIs and 120 patients
received the VDIs. Of those patients, 42 received the splint
care instructions (18 SDI, 24 VDI); 59 received suture care
instructions (31 SDI, 28 VDI); 63 received closed head injury
instructions (31 SDI, 32 VDI); 45 received upper respiratory
infection instructions (18 SDI, 27 VDI); and 31 received vaginal
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bleeding in early pregnancy instructions (22 SDI, 9 VDI). We
used t-test to compare the survey scores between the SDI and
the VDI groups (Figure). We compared the scores separately in
each of the five selected discharge diagnoses and set the statistical
significance level to 0.01 to adjust for the multiple testing. The
mean survey score was 30.1% (SD = 28.2) in the SDI group and
52.3% (SD = 31.7) in the VDI group (P < .001).
There were significantly better survey scores after VDIs
vs SDIs for the closed head injury (27% SDI vs 46% VDI, P
= 0.003); upper respiratory infection (28% SDI vs 64% VDI;

Figure. Comparison of scores on patient questionnaires before and
after implementation of video discharge instructions.
*Denotes significance between standard discharge instruction survey
scores and video discharge instruction survey scores (p-value<0.05).
SDI, standard discharge instructions; VDI, video discharge
instructions; URI, upper respiratory infection.

P < 0.0001); and vaginal bleeding in early pregnancy groups
(19% SDI vs 69% VDI, P < 0.0001). There were no significant
differences in survey scores between the splint care (53% SDI
vs 66% VDI; P = 0.08) and suture care groups (29% SDI vs
31% VDI; P = 0.40).
We also collected data regarding patient satisfaction in the
pilot phase of the study. The satisfaction questions were used to
gauge how engaging and easily understandable the instructions
in the video were. The videos were rated on a scale on 1-5 with
“1” being not engaging or understandable and “5” being very
engaging and understandable. For the three chief complaints
used in the pilot study, the average ratings were 4.53 (splint
care), 4.26 (suture care), and 4.38 (upper respiratory infection).
DISCUSSION
The outcomes of this study suggest that VDI, when
compared to SDI, significantly improved immediate patient
understanding of discharge instructions for closed head injury,
Western Journal of Emergency Medicine
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upper respiratory infection, and vaginal bleeding in early
pregnancy. Several studies have found similar utility in using
VDIs as an adjunct to SDIs in the pediatric ED.8-10 These findings,
along with ours, suggest that a multimedia format such as video
provides patients with a multidimensional way of learning
that does not bias them based on literacy, educational level, or
learning style and that they could improve patient understanding.
Of note, no significant difference in knowledge was found
in patients who were given splint care or suture care video
compared to SDIs. It is unclear why these two groups showed
no difference in understanding. It could be related to these topics
being more straightforward, and therefore understanding based
on SDI and VDI was similar. For splint care, which had high
understanding even with the SDI it is possible that there is a
baseline knowledge of how to care for a splint in the community,
suggesting that patients required less instruction. For suture care,
which consistently scored low in both groups it is possible that
our screening and piloting with patients failed and our video was
still too complicated to improve patient understanding.
Patients also were satisfied with the videos and found
them to be useful. Given the importance placed on patient
satisfaction, this suggests that VDIs could have other benefits
in addition to improved understanding, which could be
evaluated in future research.
LIMITATIONS
There were some limitations to this study that need to be
addressed. First, this study used convenience sampling, which
can introduce selection or spectrum bias. In addition, this was a
single-center study, which may limit its external validity in EDs
with different populations or discharge processes. Furthermore,
although the VDIs were created based on the SDIs, it is possible
that slight content differences may have been present. These
minor changes could potentially have contributed to better
retention or understanding of the material presented. Lastly, we
did not mandate a specific amount of time for nursing to review
paper discharge instructions with the patient; we compared
the VDIs to the current standard of care, which likely varies
between nurses. Without dedicated time and structure for
nursing review of paper discharge instructions with patients it
is possible the time spent on the instructions was significantly
less than that for the VDI. Arguably, this is one of the benefits of
VDI: they are novel, standardized, and the patient is more likely
to pay attention. It would be beneficial to determine whether
these findings could be duplicated in other EDs with a broad
range of chief complaints and more specific guidelines for
review of paper discharge instructions.
CONCLUSION
Educating patients on their diagnosis, treatment plan,
and management is an extremely important job of providers
that is sometimes overlooked in the treatment process. Lack
of attention to this step could put patients at higher risk of
preventable complications and overall worse outcomes. Video
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Educational Videos Improve Communication and Discharge Instructions

discharge instructions could improve patient understanding
of aftercare instructions and improve patient outcomes. With
widespread availability of Internet and smartphone use,
implementation of VDIs could be easy to implement more
broadly. In fact, some companies create such content and have
already partnered with electronic health record systems to
allow physicians to “prescribe” educational videos to patients
through the EHR, emailing the video to the patient. This study
shows the efficacy of such discharge instructions and could
encourage further development and utilization of VDIs. Future
research should evaluate more widespread implementation and
long-term patient outcomes. Implementing video discharge
instructions can be way to improve patients’ experience in the
ED, while simultaneously ensuring a safe discharge process.
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Introduction: Smoking cessation has significant health benefits, and the emergency department
(ED) can be an important venue for smoking cessation counseling. Nicotine replacement therapy
with transdermal patches has been shown to be associated with smoking cessation in a variety of
studies. This study evaluated fulfillment rates for prescriptions for nicotine replacement transdermal
patches (NRT-P) from the ED.
Methods: We conducted a retrospective review of all patients receiving a prescription for a NRT-P
product from January 2018–October 2019. Charts were reviewed to gather data including age,
gender, presence of chronic heart or lung problems, and health insurance. We assessed the
fulfillment rate of prescriptions using the Surescripts system, which is a functionality within our
electronic health record system that queries participating pharmacies. Statistical analysis was
conducted to determine associations between fill rates and the other variables collected from charts.
Results: We had follow-up on 500 patients prescribed nicotine patches. Of those patients, 44%
filled their prescriptions. Those who filled their prescriptions were more likely to be female and have
a history of chronic lung disease. Self-pay patients were least likely to fill their prescriptions. Overall,
we had evidence of smoking cessation in 13% of patients.
Conclusion: This study found that a substantial proportion of patients fail to fill their NRT-P
prescriptions. Further work on means of enhancing fulfillment rates is warranted. [West J Emerg
Med. 2021;22(3)648–652.]

INTRODUCTION
Smoking continues to constitute a major health issue
with estimates that around 7% of emergency department (ED)
visits are related to tobacco use.1 Emergency physicians are in
a position to help patients with smoking cessation. In a study
of ED patients, about 36% of them were in the preparation
stage, indicating an intention to quit within the next 30 days.2
Smoking cessation counseling can lead to sustained abstinence
with the expected health benefits that come from such an
effort.3 National organizations recommend the ED as a site for
intervention.4 The importance of this topic is emphasized by
a systematic review indicating that ED interventions, using a
Western Journal of Emergency Medicine

variety of methods, increases quit rates at 6-12 months from 3%
in the usual care groups to 8-11% in the intervention groups.5
Given that smoking cessation counseling may be difficult
to accomplish, a viable alternative to counseling in order
to enhance a patient’s ability to quit smoking is through
pharmacologic means.6 Nicotine replacement therapy from
a variety of methods has been shown to increase the rate
of successful cessation by 50%.7 One route of nicotine
replacement therapy is with transdermal patches. The use
of nicotine replacement therapy with patches (NRT-P) is
associated with cessation rates of around 20% and rivals the
success rate of varenicline or combination therapy.8
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There is little data on the prescription fill rate for NRT-P
for ED patients outside of a study environment. Not specific
to NRT-P, authors have found 26% of ED patients failed to
fill antibiotic prescriptions. Even when patients are prescribed
opioid analgesics, more than 20% fail to fill their prescriptions.10
This finding highlights the rationale for the current study, as
interventions with NRT-P prescriptions can only be successful if
the patients actually obtain the medication. The purpose of this
study was to evaluate ED prescription fill rates for NRT-P. We
sought to determine factors associated with that fill rate. This
information may help to guide further efforts to improve EDinitiated smoking cessation.
METHODS
We conducted this study at an academic urban medical
center ED and its three associated, freestanding community
EDs in Northeast Ohio. The combined annual volume of these
departments is approximately 150,000 patients. This was a
retrospective chart review project conducted with institutional
board review approval. Patients were identified through a
search of our electronic health record (EHR) system (Epic
Systems Corporation, Verona, WI). We identified all patients
receiving an electronic prescription for NRT-P from January
2018–October 2019.
To evaluate fill rates, we leveraged the Surescripts
functionality within the EHR, which allows evaluation of
pharmacy benefit data from sources external to our health
system. Surescripts collects and sends data from pharmacy
benefits manager (PBM) transactions back into the EHR when
queried. In addition, data from the health systems RX-30
ambulatory pharmacy system were imported back into the
EHR through the Surescripts payer database to capture fill
data from our internal pharmacies, regardless of patient payor
status. Each time a patient has an encounter in the health
system, including all subsequent ED encounters, outpatient
clinic visits, refill encounters, and hospitalizations, the
Surescripts system is queried, updating PBM data, including
medication fills. Our EHR then stores the results of these
queries in its Clarity database.
We compared NRT-P prescriptions from our EHR with the
returned PBM and fill data. For the purposes of this analysis, we
defined a “successful fill” as NRT-P dispensed from a pharmacy
within one week of a NRT-P prescription from a provider in our
system, a methodology that has been used by others to evaluate
fill rates of other substance use disorder-related prescriptions.11
Since subsequent dispense queries are dependent on subsequent
patient encounters, patients receiving a prescription for NRT-P
who did not have a follow-up visit in our system as of the date
of the query would not have data available. These patients
were included in the initial dataset and then removed from
subsequent analyses. Patients who received a paper prescription
were not included in this database.
All charts were reviewed by one of the two study authors
(CE and DT), both of whom are faculty members in the ED.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Nicotine replacement therapy is effective
and recommended for implementation in the
emergency department.
What was the research question?
Do patients fill their prescriptions for nicotine
patch prescriptions?
What was the major finding of the study?
A total of 44% filled their prescriptions, with
higher rates among women and those with
chronic lung disease.
How does this improve population health?
Further research should focus on ways
to improve the prescription fill rates and
compliance with therapy to reduce smoking.

A standardized data collection sheet was used to record the
data. The review results of about 20 of the charts were done
together between the two reviewers. Charts were reviewed
to gather data on medical insurance, age, gender, purpose
of ED visit, presence of chronic heart or lung problems, and
evidence of other substance abuse. Chronic lung disease
was evidenced by a history of asthma or chronic obstructive
lung disease (COPD). Chronic heart disease was evidenced
by a history of coronary artery disease, arrhythmias, or heart
failure. Evidence of another substance use disorder was noted
by a prior diagnosis in the chart of alcohol, cocaine, stimulant,
opioid, or THC abuse. We reviewed subsequent clinic notes to
determine whether patients had reported smoking cessation. If
there was not specific evidence of smoking cessation then that
patient was coded as continued smoking. No patients were
excluded for any other reason aside from being a duplicate
patient. We conducted statistical analyses to determine
associations between fill rates and the factors noted above by
chi-square analysis and Student’s t-test, as appropriate, using
a P value of <0.05 to indicate statistical significance. The data
is presented as the mean or percent with the 95% confidence
interval (CI) in brackets.
RESULTS
Our database search returned 598 unique patients
prescribed NRT-P during the study period. We were able to
determine NRT-P fulfillment rates on 500 of these patients
with data from 68 unique pharmacies. The patients for whom
we had follow-up data were similar to the patients without
follow-up, with respect to gender, reason for ED visit (cardiac
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related, pulmonary related, or any other chief complaint), and
history of substance abuse (including any substances other
than tobacco) based on Student’s t-test or chi-square test, as
appropriate. Those patients with follow-up data were older
– 43.5 years [42.3-44.7] vs 39.7 [37.2-42.3], P<.05 – and
more likely to have chronic lung disease 35% [31-39] vs 15%
[12-18] p<.01, or cardiac problems 14% [11-17] vs 4% [2-6],
P<.01, compared to those without follow up data. Patients
who were self-pay were less likely to have return visits (24%
[20-28]) compared with patients with any insurance (40% [3151], P<.001).
The remaining 500 patients with follow-up data had an
average age of 43.5 [42.3-44.7] years with 43.4% [39.0-47.9]
being of female gender. The average time to fill for those
patients for whom we had fill data was 0.7 days [0.6-0.8].
The average time for a follow-up visit, which is the time that
the system would query the pharmacy was 116.9 days [107127]. Sixty-two percent of patients were seen by an attending
physician alone, while 17.6% were seen by advanced practice
providers and 20.4% by resident physicians. Nineteen percent
of patients presented with a pulmonary-related complaint,
while 16% presented for chest pain or another cardiac- related
complaint. Thirty-two percent of patients had a substance use
disorder history. Overall, 13% of patients had evidence of
smoking cessation documented in their chart. There was not
a statistical association of prescription fill rate with cessation,
although this study was not powered to assess this result.
Forty-four percent [39-48%] of patients filled their
NRT-P prescriptions. We found no difference in the patients
who filled their prescriptions based on age, prescriber type,

reason for ED visit, presence of cardiac disease, or history of
substance abuse disorder (Table 1). Patients of female gender
and patients with a history of chronic lung disease were
more likely to fill their prescriptions. With regard to medical
insurance, self-pay patients were least likely to obtain their
NRT-P prescriptions, (P<.01) (Table 2).
DISCUSSION
We found that about half of patients prescribed NRT-P
fulfilled their prescriptions. This is consistent with other
studies of ED prescriptions that have found high rates of nonfulfillment for prescriptions of other medications.10,11 While
studies in other environments have found higher fulfillment
rates for NRT-P, they were in primary care practices or
conducted in a study environment with greater resources
available under study conditions. In prior studies of fulfillment
of NRT-P outside of the ED, various authors have found nonfulfillment rates of around 20%.12,13 A review of available
literature cited a number of methods of improving compliance
with smoking cessation aids, many of which required more
intensive intervention than is commonly available in the ED.14
We did not find a consistent relationship between a
variety of factors and prescription fulfillment. There was not
a significant difference based on age, history of substance
use disorder, history of cardiac disorder, or purpose of the
ED visit. Some studies have found such differences but with
inconsistent results. A study among Medicare recipients, found
that women were less likely to fill their prescriptions than
men.15 A study of electronic prescriptions found higher nonredemption rates among men and younger men in particular.16

Table 1. Relationship with NRT-P* fulfillment.
Variable
Age (years)
Gender % female

Prescription filled
N = 219

Prescription not filled
N = 281

P-value

43.9+/- 12.7

43.2 +/-13.8

P=.92

52% [48-56]**

37% [33-44]

P<.01

Prescriber

P=.98

Attending

20%

20%

Advanced practice provider

62%

63%

Resident

18%

17%

Reason for ED visit

P=.11

Pulmonary

21%

16%

Cardiac

18%

15%

Other

60%

69%

Chronic lung disease % Yes

41%

31%

P<.05

Chronic cardiac disease % Yes

14%

13%

P=.75

Substance use disorder history % Yes
35%
*Nicotine replacement therapy-patches.
**Data is presented as the percent with the 95% confidence interval in brackets.
ED, emerency department.

32%

P=.41
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over-the-counter purchases or those who may have filled their
prescription after their most recent follow-up encounter with
our system. We are reliant on the accuracy of the health record
for information about smoking cessation. Patients were not
directly interviewed by the investigators.

Table 2. Relationship between insurance status and prescription fill.
Insurance type

Percent with prescription fill

Commercial

54% [41-66]*

Medicaid

62% [56-68]

Medicare

46% [33-58]

Self-pay

10% [4-20]

CONCLUSION
In our sample of ED patients, about half of patients
prescribed NRT-P filled their prescriptions. Female patients,
those with insurance, and those with chronic lung disease were
more likely to fill their prescriptions.

Difference between fill rates and insurance type P<.01.
*Data is presented as the percent with the 95% confidence interval
in brackets.

Studies of antidepressant medications have found that younger
patients are less likely to fill their prescriptions.17
In our research, we found that patients with chronic lung
diseases are more likely to fill their NRT-P prescriptions
and more likely to quit smoking. The beneficial effects of
a variety of interventions on smoking cessation have been
verified in a meta-analysis of patients with COPD.18 Studies
of asthmatic patients have found improved cessation rates
with a variety of interventions including counseling and
nicotine replacement therapy.19,20 For patients with COPD or
asthma, intensive smoking intervention programs can lead to
significant cessation rates.21 We did not find an association
between cardiac disease and NRT-P fulfillment rates. Despite
evidence of the efficacy of smoking cessation in patients with
both cardiovascular disease and cerebrovascular disease,
other studies have found low rates of cessation despite
counseling.22 Studies have also found that intensive counseling
programs, not generally available in the ED, may be effective
in enhancing cessation.23 In line with the studies referenced
above, further efforts to enhance prescription fulfillment along
with counseling to support use of the NRT-P prescriptions
would be expected to have beneficial health benefits.
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Introduction: Mentoring in emergency medicine (EM) has not been well studied despite a larger body
of literature that has described the value of mentoring in academic medicine on career satisfaction and
scholarly output. Over half of all EM faculty nationally are of junior faculty ranks. The aim of this study was
to identify the frequency and types of mentoring in EM, how types of mentoring in EM differ by gender,
and how mentoring correlates with workplace satisfaction for EM faculty.
Methods: Using descriptive statistics and chi-squared analysis, we analyzed data from a cohort of
medical schools participating in the Association of American Medical Colleges StandPoint Faculty
Engagement Survey.
Results: A total of 514 EM faculty from 26 medical schools replied to the survey. Nearly 80% of EM
faculty reported receiving some sort of mentoring; 43.4% reported receiving formal mentoring; 35.4%
reported receiving only informal mentoring; and 21.2% received no mentoring at all. Women EM faculty
received formal mentoring at lower rates than men (36.2% vs 47.5%) even though they were more
likely to report that formal mentoring is important to them. Workplace satisfaction was highest for faculty
receiving formal mentoring; informally or formally mentored faculty reported higher workplace satisfaction
than faculty who are not mentored at all. Unmentored faculty are less likely to stay at their medical school
than those formally mentored (69.8 % vs 80.4%).
Conclusion: Institutions and department chairs should focus on mentoring EM faculty, particularly
women, to increase engagement and reduce attrition. [West J Emerg Med. 2021;22(3)653–659.]

INTRODUCTION
A large body of literature on the importance of mentorship
in academic medicine1 has demonstrated positive effects on
general career satisfaction,1-6 retention,1-3,5,6 and scholarly
output.1,2,4,7,8 Participant (mentee and mentor) satisfaction is the
most commonly measured outcome, however. Mentorship is
especially important for emergency medicine (EM), given the
growth of this newer academic specialty. Prior work by us has
shown that compared to other clinical specialties, EM faculty
are more likely to be younger and of junior academic ranks,
and half of EM faculty have been in their current position
five years or less.9 There is a much smaller body of literature
focused on mentorship in EM10,11 with few meaningful outcome
measures reported. Welch10 reported the results of a survey of
Volume 22, no. 3: May 2021

EM mentoring practices in 2017, but with a low response rate
(29%) and responses captured from department chairs only. In
our study we sought to expand on previous research to identify
the frequency of formal and informal mentorship as reported
by EM faculty, how types of mentorship differ by gender, and
how the presence of formal mentorship correlates with EM
faculty workplace engagement. Our findings may be used by
department chairs and other academic leaders to improve the
state of mentoring in academic EM.
METHODS
We used data from the Association of American Medical
Colleges (AAMC) StandPoint Faculty Engagement Survey
(SFES) from 26 US Liaison Committee on Medical Education
653
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(LCME)-accredited medical schools who completed the
survey from January 2017–November 2019. The SFES is an
optional service offered by the AAMC to help medical schools
assess and improve faculty engagement and retention. This
validated, web-based assessment was first developed in 2008
by experts in survey design, organizational psychology, and
academic medicine,12 and since then has been administered
to faculty in over 70 US medical schools. Participating
institutions have convened annually since 2014 as the
StandPoint Faculty Learning Community. This group consists
of faculty affairs professionals and representatives from the
AAMC who review aggregated survey data and trends and
disseminate best practices to improve faculty engagement.
We are members of this learning community and thus were
granted access to aggregated survey responses for this study.
Most survey questions use five-point Likert scales to
assess satisfaction and agreement across 15 dimensions of
workplace engagement, including mentoring and feedback.
Additionally, the survey measures overall workplace
satisfaction and intention to leave one’s job. The StandPoint
Survey assessed whether respondents received formal or
informal mentoring and whether they received mentoring
from within or outside of their institutions. Results from these
questions were used to re-code respondents into three distinct
groups of individuals for comparison: those who received
formal mentoring with or without informal mentoring; those
who received only informal mentoring; and those who did not
receive either formal or informal mentoring.
We used descriptive statistics and chi-squared analyses
to analyze differences between these subgroups of survey
respondents using IBM SPSS version 25 (IBM Corporation,
Armonk, NY). While chi-square analyses were conducted
across the five-point Likert scale responses, percentages
presented here reflect the aggregation of the top two response
categories for ease of reader interpretation, eg, “very satisfied”
and “satisfied,” presented as the percentage of faculty satisfied,
across a Likert scale of “very satisfied,” “satisfied,” “neither
satisfied nor dissatisfied,” “dissatisfied,” and “very dissatisfied.”
We intentionally focused on presenting data as “percent
satisfaction,” recognizing that practical workplace interventions
are aimed at moving faculty perceptions toward a sense of
satisfaction both from those reporting neutral and dissatisfied
responses. The American Institutes of Research, the institutional
review board of record for the AAMC, approved the StandPoint
Surveys data collection and research efforts.
RESULTS
For the study period, 560 of 860 EM full- and part-time
faculty at 26 medical schools responded (65.1%), and 12,251 of
19,938 non-EM clinical faculty responded (61.4%) to the SFES.
Of those respondents, 514 EM faculty answered the question
about what types of mentoring they received and were included
in the analysis. Emergency medicine faculty were more likely
to be men (61.8%), identify as White or Asian (90.6%), and
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Mentoring improves career satisfaction,
retention, and scholarly output. The importance
of mentoring specifically in emergency medicine
(EM) has not been well studied.
What was the research question?
What are the frequency and types of mentoring
reported by EM faculty? How does mentoring
correlate with workplace engagement?
What was the major finding of the study?
Mentorship improves workplace engagement
and retention for all EM faculty; women
receive less formal mentoring than men.
How does this improve population health?
Engaged faculty are important to the
population health and advocacy missions of
EM. Mentoring is an effective way to improve
faculty engagement and retention.

hold an assistant professor rank (54.4%). Table 1 summarizes
demographic data on the EM survey respondents. To assess
generalizability of the SFES sample, this respondent group was
compared with the AAMC’s Faculty Roster,13 which is a database
of all full-time faculty at US LCME-accredited medical schools.
Our sample is comparable by gender (61.8% vs 62.4% men) to
2019 reports of full-time faculty in the AAMC Faculty Roster;
however, our sample consists of a slightly lower percentage
of EM assistant professors (54.4 % vs 58.8%) and racial and
ethnicity minority faculty (9.4% vs 12.9%) than nationally
reported in the AAMC Faculty Roster. In our study, significantly
more EM faculty were assistant professors (54.4% vs 47.5%, P =
<.001), on non-tenure tracks (80/1% vs 73.8%, P =.003), and age
45 or younger (52.5% vs 33.4%, P =<.001), compared to faculty
in other clinical departments.
Table 2 describes the type and frequency of mentoring
reported by EM survey respondents and faculty from other
clinical departments. Emergency medicine faculty reported
receiving more mentoring overall, both formal and informal,
than faculty in other clinical departments (78.8% vs 71.3%, P =
<.001), particularly more formal mentoring (43.4% vs 36.2%,
P = < .001). For EM faculty, most formal mentoring occurred
through their department or medical school, yet 28.6% (n =
64/223) of faculty with formal mentoring reported receiving
it through a society or professional organization. Thirtyfive percent of EM faculty reported only receiving informal
mentoring, and 21.2% reported receiving no mentoring at all.
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Table 1. StandPoint Survey clinical faculty respondents by demographic categories.
Emergency medicine faculty
Faculty demographics

Other clinical faculty

560 (n)

100% (%)

12,251 (n)

100% (%)

Full-time

501

89.6

11,037

90.4

Part-time

58

10.4

1,177

9.6

Male

345

61.8

6,820

56.0

Female

213

38.2

5,350

44.0

Non URM (White, Asian)

462

90.6

10,315

89.2

URM (AI, Black, Hispanic/Latino, OPI, Other)

48

9.4

1254

10.8

Full professor

72

13.1

2,703

22.4

Associate professor

135

24.4

2,947

24.4

Assistant professor

301

54.4

5,722

47.5

Instructor or lecturer

45

8.1

686

5.7

Administrative title

262

48.5

5,336

45.0

Non-administrative title

278

51.5

6,513

55.0

Active clinical

499

96.9

9,490

85.2

Not active in clinical care

16

3.1

1,646

14.8

On tenure track/tenured

104

19.9

3,004

26.2

Not on tenure track

419

80.1

8,479

73.8

LGBT

20

5.1

301

3.4

Non-LGBT

372

94.9

8,471

96.6

Age 45 and younger

262

52.5

3,507

33.4

Age 46 and older
237
47.5
7,002
66.6
EM, emergency medicine; AI, American Indian or Alaska native; OPI, native Hawaiian or other Pacific Islander; URM, race or ethnicities
under-represented in medicine; LGBT, lesbian, gay, bisexual, and transgender.
Table 2. Faculty mentoring status.
Emergency medicine
faculty N (%)

Other clinical faculty
N (%)

Chi square comparing EM
with other clinical faculty

I receive formal mentoring through my
department or the medical school

201 (38.3%)

3,533 (30.9%)

P = <.001

I receive formal mentoring through a society or
professional organization

64 (12.2%)

1,373 (12.0%)

P = .905

I receive informal mentoring from a colleague at
this medical school

270 (51.4%)

5,359 (46.9%)

P =.042

I receive informal mentoring from a colleague at
another institution

161 (30.7%)

3,010 (26.3%)

P = .028

I receive no formal or informal mentoring*

109 (20.8%)

3,211 (28.1%)

P = <.001

Receives formal mentoring

223 (43.4%)

4,054 (36.2%)

Receives only informal mentoring

182 (35.4%)

3,942 (35.2%)

Mentoring survey item (Check all that apply)

Combined mentoring variable (unduplicated)
P = <.001

Receives neither formal nor informal mentoring
109 (21.2%)
3,211 (28.7%)
*This survey question allowed respondents to check more than one choice, except for the response “I receive no formal or informal
mentoring,” which was an exclusive choice selection.

Table 3 displays the types of mentoring received by EM
faculty by gender, race, age, and academic rank. Overall, EM
men and women faculty received some type of mentoring at
Volume 22, no. 3: May 2021

similar rates. However, men received more formal mentoring
than women (47.5% vs 36.2%, P = .022). Faculty from race
and ethnic groups under-represented in medicine (URM)
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Table 3. Faculty mentoring status by demographics.
Emergency medicine faculty

Other clnical faculty

Formal
mentoring N (%)

Informal mentoring
only N (%)

No mentoring
N (%)

All faculty

223 (43.4)

182 (35.4)

109 (21.2)

4,054 (36.2)

3,942 (35.2)

3,211 (28.7)

Male

150 (47.5)

99 (31.3)

67 (21.2)

2,335 (36.7)

1,989 (31.3)

2,031 (32.0)

Female

71 (36.2)

83 (42.3)

42 (21.4)

1,704 (35.6)

1,930 (40.3)

1,158 (24.2)

Non-URM

189 (44.0)

151 (35.1)

90 (20.9)

3,442 (35.9)

3,383 (35.3)

2,752 (28.7)

URM

23 (50.0)

18 (39.1)

5 (10.9)

468 (40.2)

408 (35.1)

288 (24.7)

Full professor

24 (34.8)

24 (34.8)

21 (30.4)

693 (27.1)

791 (31.0)

1,071 (41.9)

Associate professor

54 (42.9)

48 (38.1)

24 (19.0)

892 (32.4)

1,065 (38.7)

792 (28.8)

Assistant professor

123 (44.9)

95 (34.7)

56 (20.4)

2,183 (42.2)

1,854 (35.8)

1,141 (22.0)

Instructor or lecturer

18 (46.2)

14 (35.9)

7 (17.9)

230 (40.4)

179 (31.5)

160 (28.1)

45 and younger

123 (49.4)

88 (35.3)

38 (15.3)

1,688 (49.3)

1,251 (36.5)

486 (14.2)

2,088 (30.7)

2,317 (34.1)

2,399 (35.3)

46 and older
87 (37.8)
78 (33.9)
65 (28.3)
EM, emergency medicine; URM, race/ethnicity is under-represented in medicine.

reported higher rates of mentoring than non-URM faculty;
however, this was not statistically significant given the low
percentage (<10%) of URM faculty in the survey sample (P
= .268). The percentage of faculty reporting only informal
mentoring was similar, approximately 35% across all
academic ranks; however, junior faculty were more likely to
report formal mentoring and full professors were more likely
to report no mentoring. Results by age are similar to those by
rank.
Table 4 lists responses regarding perceptions of the
importance of mentoring, satisfaction with professional
development and advancement, and several components of
workplace engagement segregated by mentoring status. Across
all survey items, EM faculty with formal mentoring reported
higher levels of satisfaction and engagement than EM faculty
who received only informal mentoring or no mentoring at all.
For faculty who reported no mentoring, over half also reported
that mentoring was important to them. The perceptions of the
importance of mentoring differed by gender and rank. For
example, of those without a formal mentor, more EM women
than men agreed that having a formal mentor was important
to them (74.8% vs 50.3%, P = <.001) (data not shown). With
the exception of full professors without mentors, over half
of faculty at all other ranks without mentoring reported that
formal mentorship was important to them (Table 4).
When examining satisfaction with advancement and
opportunities for development, assistant professors with
formal mentors were more satisfied with opportunities
for professional development than unmentored assistant
professors (78.2% vs 29.6%), and were more satisfied with the
pace of professional advancement (68.9% vs 27.8%). Similar
trends of gaps in satisfaction were observed among associate
professors and instructors who did not receive any mentorship.
In looking at measures of overall satisfaction and
Western Journal of Emergency Medicine

Formal
Informal mentoring No mentoring
mentoring N (%)
only N (%)
N (%)

engagement in the workplace, we found that 86.0% of all EM
faculty respondents with a formal mentor, 70.6% of those with
only an informal mentor, and 56.2% of those with no mentor
were satisfied with their department as a place to work. Across
EM faculty of all ranks, those without mentoring reported that
they were less likely to stay at their current medical school in
the next 1-2 years compared to faculty who received formal
mentoring (69.8% vs 80.4%, respectively). For associate and
assistant professors, those without formal mentoring reported
they were approximately 10% less likely to remain at their
institutions. Lastly, those EM faculty without a mentor who
agreed formal mentoring was important reported even lower
overall satisfaction across survey items and even lower intent to
remain at their institution (59.6%) (data not shown) (Table 4).
DISCUSSION
In our study, nearly 80% of EM faculty received either
formal or informal mentoring, which is encouraging given the
larger proportion of younger and more junior faculty in EM
compared to other clinical disciplines. Also encouraging is the
increasing rate of formal mentoring in EM (43%) compared
to 33% reported by Mylona14 from a prior cohort of SFES
responders from 2011-2016. The rate of formal mentoring
for all faculty ranks in our study is consistent with a recent
report10 that 43.6% of academic EM departments sponsored
formal mentoring programs. Nevertheless, there appears
to remain room for improvement in the amount of formal
mentorship provided, particularly to junior faculty who made
up over 60% of our study respondents yet reported a rate of
formal mentoring of approximately 45%.
Gender disparity in mentorship is well documented in the
academic literature,2,10,15 and our study suggests it continues
to exist in academic EM. We found that although women EM
faculty valued formal mentoring more than men, they received
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Table 4. Perceptions of opportunities for growth and global engagement by faculty mentoring status and rank.
Emergency medicine faculty
Formal mentoring

Informal mentoring only

No mentoring

All EM faculty

78.1

65.7

52.8

Full professor

66.7

45.8

26.3

Associate professor

75.9

65.2

62.5

Assistant professor

81.7

69.9

56.4

Instructor or lecturer

76.5

71.4

57.1

All EM faculty

75.1

52.0

37.1

Full professor

91.7

75.0

78.9

Associate professor

82.7

56.5

33.3

Assistant professor

68.9

44.6

27.8

Instructor or lecturer

66.7

42.9

14.3

All EM faculty

77.5

54.0

32.4

Full professor

87.5

66.7

63.2

Associate professor

73.6

47.8

25.0

Assistant professor

78.2

52.7

29.6

Instructor or lecturer

66.7

57.1

0.0

All EM faculty

86.0

70.6

56.2

Full professor

82.6

75.0

70.0

Associate professor

84.6

67.4

45.8

Assistant professor

87.3

72.8

59.3

Instructor or lecturer

82.4

64.3

33.3

All EM faculty

79.4

62.7

53.3

Full professor

78.3

75.0

70.0

Associate professor

78.8

58.7

54.2

Assistant professor

80.5

63.0

51.9

Instructor or lecturer

76.5

57.1

16.7

All EM faculty

80.4

69.0

69.8

Full professor

90.5

81.0

86.7

Associate professor

80.4

63.6

69.6

Assistant professor

82.1

71.4

71.2

68.8

57.1

16.7

% Agree having a formal mentor is important to me

% Agree are satisfied with pace of advancement

% Agree are satisfied with opportunities for professional development

% Satisfaction with department

% Satisfaction with school

% Unlikely to leave school in 1-2 years

Instructor or lecturer
EM, emergency medicine.

it less. A 2012 study by Welch and colleagues16 describes
one approach to mentoring women in academic EM using
both vertical and facilitated peer mentoring. A prospective
method of tracking program outcomes was not described, but
participants found the program valuable with an increase in
networking opportunities and an improved gender climate in
Volume 22, no. 3: May 2021

their department. Based on our findings, academic EM leaders
should focus on providing additional mentoring opportunities,
especially formal programs, for women faculty both within
the department and their medical school. When providing
mentoring for women faculty, availability and being from the
same department or institution may be the most important
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characteristics women mentees desire of mentors15,17 and
same-gender mentors may be more desirable to URM women
faculty than non-URM women faculty15,17
It is reasonable to focus mentoring efforts on junior
faculty; however, mentorship remains important throughout
one’s academic career.18 Associate professors, who are at risk
for plateaus in academic success and delays to promotion to
professor, also need continued mentorship.19-21 In our study,
we found that mentoring rates for associate and assistant
professors were similar. However, 62% of associate professors
with no mentors agreed that having a formal mentor was
important to them, higher than unmentored faculty at any
other rank. Nearly 80% of professors of EM in our study
reported receiving some sort of mentorship. There is a dearth
of literature on the mentoring and faculty development needs
of senior faculty in EM and other fields. Based on a recent
survey of senior faculty,22 preparation for retirement and
opportunities to mentor others may be important to this group
In our study 29% of EM faculty who received formal
mentoring reported they received it through a society or
professional organization. While an internal mentor may
provide valuable institutional context in the mentoring
relationship, external mentors may provide outside perspectives
and serve as an important component of a mentoring network.
Many of the specialty societies in EM have mentoring programs
including the Academy for Women in Emergency Medicine,
the American Association for Women Emergency Physicians,
the Young Physicians Section of the American Academy of
Emergency Medicine, and others. Department chairs and
senior faculty should consider referring junior faculty to these
programs to augment internal mentoring opportunities.
Our findings suggest that formal mentorship is associated
with higher levels of EM faculty engagement compared to
informal approaches, yet our study is not an evaluation of any
specific mentoring program. In the SFES, informal mentoring
is defined as receiving mentorship from a colleague within or
outside of one’s institution that is an informal arrangement. In
non-academic medicine contexts, informal mentoring appears
to improve job success and job satisfaction.23 It is unclear
whether this holds true in academic medicine or in EM where
informal mentoring is much less studied. In one qualitative
study of junior pediatric faculty, informal mentoring was
acknowledged as a way to develop a “culture of support”
but did not fulfill other aspects of successful mentoring.24 In
combination with formal mentoring, informal mentoring may
be an important component to developmental or mentoring
networks, which have been shown to be important to success
in academic medicine.25 Our study suggests that informal
mentoring is better than no mentoring at all, but alone may not
be sufficient for optimal workplace engagement of EM faculty.
More study of the role of informal mentoring is needed.

selection bias with more satisfied faculty possibly responding
at higher rates. Additionally, the survey is designed for faculty
in all specialties; therefore, there may be additional factors
important to mentoring in EM not captured by this study.
The SFES is made available to allopathic AAMC member
schools. Generalizability to EM faculty in other settings, such
as osteopathic medical schools or community-based academic
medical centers not tightly affiliated with a medical school, is
not known.
CONCLUSION
Our study used a validated survey tool from a sample
of over 500 EM faculty similar in gender and race to all EM
faculty in US allopathic medical schools. We found that 78%
of EM faculty at all ranks reported receiving some sort of
mentoring, although less than half (43%) had formal mentors.
Male faculty received formal mentoring at higher rates that
females, even though more women than men agreed that
having a formal mentor was important to them. Formal rather
than informal mentorship was associated with higher levels of
workplace engagement and intention to remain in one’s job.
Department chairs and other leaders should evaluate the state
of mentoring in their departments, and identify appropriate
internal and external mentoring resources for junior and
women faculty to optimize faculty engagement and retention.
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Introduction: Anti-immigrant rhetoric and increased enforcement of immigration laws have
induced worry and safety concerns among undocumented Latino immigrants (UDLI) and legal
Latino residents/citizens (LLRC), with some delaying the time to care.1 In this study, we conducted
a qualitative analysis of statements made by emergency department (ED) patients – a majority of
whom were UDLI and LLRC – participating in a study to better understand their experiences and
fears with regard to anti-immigrant rhetoric, immigration enforcement, and ED utilization.
Methods: We conducted a multi-site study, surveying patients in three California safety-net EDs
serving large immigrant populations from June 2017–December 2018. Of 1684 patients approached,
1337 (79.4%) agreed to participate; when given the option to provide open-ended comments, 260
participants provided perspectives about their experiences during the years immediately following
the 2016 United States presidential election. We analyzed these qualitative data using constructivist
grounded theory.
Results: We analyzed comments from 260 individuals. Among ED patients who provided qualitative
data, 59% were women and their median age was 45 years (Interquartile range 33-57 years).
Undocumented Latino immigrants comprised 49%, 31% were LLRC, and 20% were non-Latino
legal residents. As their primary language, 68% spoke Spanish. We identified six themes: fear as a
barrier to care (especially for UDLI); the negative impact of fear on health and wellness (physical and
mental health, delays in care); factors influencing fear (eg, media coverage); and future solutions,
including the need for increased communication about rights.
Conclusion: Anti-immigrant rhetoric during the 2016 US presidential campaign contributed to fear
and safety concerns among UDLI and LLRC accessing healthcare. This is one of the few studies
that captured firsthand experiences of UDLI in the ED. Our findings revealed fear-based barriers
to accessing emergency care, protective and contributing factors to fear, and the negative impact
of fear. There is a need for increased culturally informed patient communication about rights and
resources, strategic media campaigns, and improved access to healthcare for undocumented
individuals. [West J Emerg Med. 2021;22(3)660-666.]

Western Journal of Emergency Medicine

660

Volume 22, no. 3: May 2021

Anti-immigrant Rhetoric and Experiences in the ED

Ornelas et al.
INTRODUCTION
Anti-immigrant rhetoric in the 2016 United States
presidential campaign and subsequent statements made and
enforcement actions taken by the 45th US president have had
a substantial impact on undocumented Latino immigrants’
(UDLI) feelings of safety and healthcare access.1 Healthcare
staff in clinics noted increased fear of deportation and family
separation among their UDLI patient populations (especially
among mixed status families) and reduced utilization of
healthcare and social services.2 Providers also noted a “chilling
effect,” where individuals were not exercising legitimate
rights, such as reporting crimes and accessing reproductive
healthcare, due to fear of identification as a public charge and
negative repercussions on immigration applications.3,4,5
Healthcare setting and place act upon the political and
policy landscape, impacting the health and healthcare of
immigrants and their family members. Some states have
increased protections and access for immigrants, while others
have introduced barriers. For example, California, New York,
and Washington allow legal permanent residents access to
Medicaid immediately, instead of the standard five years
after legalization. Other states, such as Alabama and Arizona,
restrict access to social and medical services for non-legalized
immigrants.6 In addition to the state-by-state landscape, there
are federal policies that influence the lives and healthcare of
immigrants in the US. For example, the Emergency Medical
Treatment and Labor Act (EMTALA) mandates that anyone,
regardless of insurance or legal status, can access care in the
emergency department (ED).1
While other qualitative studies have documented the
challenges of living as an undocumented person,7 and general
barriers to healthcare,2,4,8 there is limited literature examining
the firsthand experience of undocumented immigrants in the
emergency care system (an important safety net and primary
health access point), especially in a time of recent heightened
immigration enforcement and anti-immigrant rhetoric. In our
prior quantitative research, we found that undocumented ED
patients linked the anti-immigrant rhetoric surrounding the
2016 US presidential election to increased fear of accessing
healthcare services, with some undocumented patients
describing increased delays in accessing emergency care as
a result.1 In the present qualitative analysis of these patients’
perspectives we aimed to provide further nuance and details
regarding the experience of undocumented patients in the ED,
including the fear of accessing emergency care, by surveying
patients during real-time ED care.
METHODS
Ethics Statement
We obtained institutional review board (IRB) approval
from the University of California of San Francisco Committee
on Human Research, the Olive-View UCLA Medical
Center Education and Research Institute, and the Highland
Hospital—Alameda Health System IRB to conduct this survey
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Anti-immigrant rhetoric and increased
immigration enforcement have induced
fear and delays in emergency care among
undocumented Latino immigrants (UDLI).
What was the research question?
How do UDLI experience the fear surrounding
anti-immigrant rhetoric and emergency
department utilization?
What was the major finding of the study?
There was a wide range of fears and modifying
factors, which drove down access to care and
perceived health.
How does this improve population health?
Culturally informed communication about
rights and resources, and addressing structural
barriers, can reduce fear and facilitate access
to emergency care for UDLI.

study. We obtained scripted, verbal consent from participants
and collected qualitative data on a survey form with no
identifying information.
Study Design and Setting
From mid-June 2017 to mid-December 2018, we
conducted a survey study at three urban county hospitals in
California. At these EDs, 45.3% of visits were by patients
of self-declared Latino ethnicity in 2017. Methodological
details and quantitative results have previously been reported.1
Briefly, patients were recruited upon presentation to the ED
using a convenience sampling method. Patients were excluded
if they met any of the following characteristics: 1) trauma; 2)
transfer from another facility; 3) inability to participate in an
interview because of intoxication, altered mental status, or
critical illness; 4) incarceration; and 5) on psychiatric hold. All
patients who met inclusion criteria were approached by trained
bilingual research personnel.
The quantitative survey questions inquired about antiimmigrant rhetoric and fear and safety concerns. Questions
included the following: “Did any of these statements [eg, the
president wants to build a wall, the president wants to deport
immigrants, or the president wants to prevent immigrants from
getting healthcare] make you afraid to come to the emergency
department?”; “When thinking about going to the doctor or
ER for a health problem, do you feel more worried or scared
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about getting identified as an undocumented immigrant
NOW compared to how you felt ONE YEAR AGO?”; and
“Have these statements made you feel worried or unsafe living
in the US?”. To more deeply understand patient experiences
and perspectives, we provided participants with the option to
provide open-ended comments after completing the survey,
asking, “Do you have additional comments, including about
the study or survey questions?”. The present study is based on
responses to this final open-ended question. Study personnel
documented patient comments through a combination of direct
quotes and their own summarization. We did not collect audio
recordings to protect patient privacy and confidentiality.
Data Management
Across the three sites, researchers documented a total of
574 open-ended patient commentary entries among the 1318
total surveys collected in the study. We excluded a total of
314 comments because the text consisted of researcher notes
about the interview itself, clarifications about the quantitative
survey responses, and patient stories irrelevant to immigrant
health or the ED experience. We included a total of 281 openended responses in our analysis. We consolidated 21 responses
that had overlapping participant identifications (i.e., were for
the same person surveyed more than once in the ED). These
data were consolidated into a total of 260 entries from 260
individual survey respondents (Figure).
Data Analysis
We analyzed the qualitative data using constructivist
grounded theory, which combines deductive and inductive

thematic analysis.9 The analysis was driven by the research
question: What are patients’ experiences and fears with regard
to anti-immigrant rhetoric, immigration enforcement, and
ED utilization? We used predetermined survey domains,
such as fear of accessing care, and added thematic categories
to capture the dimensions of fear, including protective
and contributive factors. One investigator (CO) coded all
comments. A second investigator (JMT) coded a random
subsample of 87 (one third) comments to ensure consistency
and replicability of coding. Among the 260 comments, there
were 213 distinct codes, grouped into six broad themes.
RESULTS
Demographics
Of the 260 individuals included in the qualitative study,
41% were men and 59% were women. Their median age was
45 years (interquartile range, 33-57). Undocumented Latino
immigrants (UDLI) comprised 49%, 31% were legal Latino
residents (LLRC), and 20% were non-Latino legal residents
(NLRC). Spanish language was the primary language for 68%,
and 32% spoke English as their primary language (Table 1).
Compared to our quantitative results, which were previously
reported,1 respondents to our qualitative study had a similar
median age and primary language distribution, but greater
proportions of UDLI and women.
Grounded Theory Analysis
Of the following themes, factors modifying fear, fear as
a barrier to care, and impact of fear on health and healthcare
were most frequently mentioned.

Table 1. Demographic information of multi-site emergency
department survey participants with open-ended commentary.

Total number

UDLI
n (%)

LLRC
n (%)

NLRC
n (%)

129 (49%)

80 (31%)

51 (20%)

47 (36%)

41 (51%)

20 (39%)

Gender
Men
Women

82 (64%)

39 (49%)

31 (61%)

42 (32 to 54)

48 (38 to 59)

45 (30 to 57)

English

7 (5%)

27 (34%)

45 (88%)

Spanish

122 (95%)

53 (66%)

0 (0%)

0 (0%)

0 (0%)

6 (12%)

Median age in
years (IQR)
Primary
language

Other
Figure. Process of excluding and consolidating open-ended patient commentary for multi-site emergency department study.

Western Journal of Emergency Medicine

UDLI, undocumented Latino immigrants; LLRC, legal Latino
residents/citizens; NLRC, non-Latino legal residents; IQR,
interquartile range.
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Theme 1: Fear as a barrier to care (frequency: 32%).
Although all ED patients in the study eventually sought care,
some UDLI and a few LLRC noted feeling afraid before
visiting the hospital. Others, especially LLRC, shared that
undocumented family and friends were afraid to visit the ED.
Fears ranged from family separation, negative consequences
on future legalization (ie, public charge5), the potential for
discrimination and denial of services, and encountering
law enforcement in the hospital. Other barriers included
healthcare expenses, long wait times, and language barriers.
Nevertheless, not all expressed fear of visiting the hospital.
Theme 2: Factors modifying fear (frequency: 38%).
Factors that increased fear, especially among UDLI, included
exposure to media coverage of immigration enforcement,
seeing deportations within the community, and the political
climate. Factors that decreased fear included knowledge
of one’s rights, less media coverage of immigration issues,
positive healthcare experiences, and having health insurance.
Fear also varied by place and time. Many mentioned feeling
safe in a sanctuary city, in California, and in their respective
hospitals, while highlighting negative experiences for loved
ones in states outside of California.
The presence and perception of law enforcement was
a commonly cited reason that influenced fear. A couple
of individuals believed that hospitals collaborate with
immigration enforcement and that providers report patients.
This suspicion was confirmed by seeing law enforcement
outside or in the hospital. For some, fear of interacting with
law enforcement was a barrier to reporting incidences of
domestic violence in the context of ED care. Individuals
who did not believe hospitals comply with immigration
enforcement cited this as a reason to not have fear.
Theme 3: Impact of fear on health and healthcare
(frequency: 16%). Fear had a negative impact on some
participants’ health. The stress and worry of immigration
enforcement were all consuming, and they felt worried or
“on edge” all the time. Some endorsed worsening headaches,
increased feelings of anxiety, and elevated/uncontrolled blood
pressure. The majority of respondents, however, were not
directly impacted and instead recounted how the fear impacted
their friends, family, and neighbors.
Sometimes this fear led to a delay in seeking care.
Reasons for delaying care were mistrust and misinformation
around reporting, deportations, and discrimination within
hospitals. For individuals who did not delay, they cited reasons
including medical necessity (pain, “felt like I was going
to die”). A group of patients shared stories of themselves
or individuals they knew who experienced morbidity and
mortality from delaying care for emergent and serious
conditions including appendicitis, end stage renal disease
requiring dialysis, infections, and a retinal detachment.
Theme 4: Effect on the broader community (frequency:
4%). Although the majority of comments were from UDLI,
LLRC and NLRC commented on how they were also
Volume 22, no. 3: May 2021

impacted by anti-immigrant rhetoric. Legal Latino residents/
citizens expressed fear of losing their rights and being
persecuted for their race/ethnicity. One mother noted her child
crying over having to move back to Mexico after the election,
despite being legal residents. On three separate occasions,
participants highlighted that “anything can happen.” Others
noted an increase in explicit racism during the time period
following the 2016 presidential election targeting people of
color who were perceived as foreign.
Theme 5: Coping strategies and protective factors
(frequency: 7%). Although fearful, worried, and anxious,
individuals developed coping strategies and found sources
of strength and resilience within themselves and their
communities. Coping strategies included avoidance (eg,
not looking at the news), acceptance (eg, the possibility of
deportation), and problem solving (eg, taking legal rights
courses, leaving the US). The main protective factor was
having knowledge and information about one’s rights.
Individuals learned about their rights through local churches,
community clinics, hospital staff, and media sources.
Theme 6: Potential future interventions in the ED
(frequency: 3%). Several individuals shared suggestions
for future ED changes and interventions that could help
mitigate fear, including having more staff who spoke Spanish
and identified as part of the Latino community, increasing
communication about one’s rights, and clarifying the role
of law enforcement in the hospital through television,
advertisement, and billboard messages. Exemplar quotes for
the six themes are presented in Table 2.
DISCUSSION
Anti-immigrant rhetoric and heightened immigration
enforcement surrounding the campaign and results of the
2016 US presidential election has been linked to increased
worry and safety concerns among undocumented individuals.
Providers have noted delays in care, reduced utilization
of healthcare and social services, and fewer individuals
accessing legal rights and resources; these impacts have
also been documented in a growing number of studies.1-4
For example, there is an expanded definition of a “public
charge,” wherein certain individuals applying for a green
card (permanent resident card) or visa could be denied for
using government resources such as Medicaid and housing
assistance; although it does not apply to all immigrants,
this has instilled trepidation about accessing resources even
among immigrants who are not affected by public charge.5
Given the ED’s role as a primary source of care for many
patients and that delays in care for conditions requiring
the ED can be life-threatening, we further examined the
perspectives of UDLI in a multi-site study at three safety-net
EDs with large immigrant populations, collected with respect
to the 2016 US presidential nomination.
We found that fear related to immigration status can
serve as a barrier to ED care for patients, especially for
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Table 2. Six themes with exemplar quotes from analysis of emergency department patient perspectives.
Theme
Experiencing fear

Exemplar quote
“I’ve been worried now with everything going on with public charge, it puts me in a hard spot because I am
very sick but now I hear I might not be able to get papers...I don’t know whether seeking medical care is
going to prevent me from renewing.”
“My mom and dad (who are undocumented) are scared to come to the ER because of getting a bill...I really
feel like this is the main reason a lot of undocumented people don’t come in.”

Factors modifying fear

“I’ve seen my regular doctor (this past year) but not come here because it’s different here, having to pass
through security. I’ve been afraid that I might get reported.”
“Was not afraid to come to the ER because [I] had gotten “know your rights training” at a primary care clinic.”

Impact of fear

“I get sick, I feel so sick from the worrying and the stress, worrying about my family. I get headaches all the
time now, and nerves all the time.”
“My nephew who needs dialysis but he didn’t have coverage [due to documentation status], and so he
ended up leaving to Tijuana 3 weeks ago because he couldn’t get it here. I told him to come here, but he
said no, better go to Mexico. When he got there he ate some tacos and started vomiting blood and so
they took him to the hospital and they told him one kidney was completely dead, and the other had 18%
function. He’s only 24.”

Effect on the broader
community

“Even though [I’m a Latino] resident, this current administration makes [me] scared to seek care because
anything could happen.”
“Though lots of the negativity of immigration is directed towards Mexicans, people of other backgrounds are
also treated so poorly... a white woman [was] cursing out a Thai woman and telling the Thai woman to go
back to Thailand.

Coping strategies and
protective factors

“On the news there are announcements on how people should not be afraid to go get services, including
going to the doctor.”
“In (her primary care clinic) they gave me the red card and oriented me to my rights, that it’s ok to come
here, what to do if immigration comes to my door.”

Potential future
interventions

“It should be announced to everyone that the police department is here only to keep peace. I sent my
partner home because I was scared that they were going to arrest us.”
“On TV there are so many bad news stories, it would be helpful to have announcements or ads that the
public hospitals are not affected (by Trump), that people can keep using them and feel safe.”

ER, Emergency Room

undocumented immigrants. The fear impacted a variety of
individuals, led to delays in care, negatively contributed to
perceptions of physical and mental health, and was influenced
by factors such as knowledge of one’s rights and media
coverage. The fear among UDLI respondents is consistent
with other studies,2,4,7,8 although none have been specific to
the ED. Our study also discovered fear among legal Latino
residents, supporting a recent study showing growing
deportation fear among Latino US citizens.10 A growing
body of research suggests that living in fear contributes
to chronic stress, which is associated with increased risk
for mental health conditions (eg, depression), and chronic
diseases (eg, heart disease and diabetes).11,12 Addressing fear,
especially within important sources of healthcare such as the
ED, is critical for the health and wellness of our immigrant
communities, and is essential in the context of heightened
immigration enforcement and anti-immigrant rhetoric.
Patients suggested that one approach to addressing fear
Western Journal of Emergency Medicine

is educating patients about their rights, inside and outside
of the hospital, and even in sanctuary settings. The single
most cited factor that mitigated fear was knowing one’s
rights. While individuals learned about their rights through
local churches, community clinics, hospital staff, and
media sources, they expressed a need for further education.
Emergency departments and hospitals could collaborate with
and build on existing, trusted community efforts. Especially in
times of the COVID-19 pandemic where in-person outreach
is limited, media and virtual efforts may play a crucial role in
healthcare systems’ communication about rights for immigrant
patients. However, it is important that these efforts are
strategic, and mindful of UDLI experiences and concerns. For
our participants, the media played a dual role of contributing
to fear through coverage of immigration enforcement and
alleviating fear through education and empowerment. Given
the misconceptions about the role of law enforcement and
providers in the hospital, communication efforts aimed at
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reducing fear among immigrant patients should address
these roles, as well as clarify existing protections against
discrimination and denial of services (eg, EMTALA).
Finally, there is a need to confront structural barriers in
our healthcare system for UDLI. Beyond fear of discovery,
UDLI mentioned other barriers to care, mainly healthcare
expenses. There are large gaps in health insurance eligibility
and enrollment for UDLI in the US, with eligibility largely
limited to select private, state, and county-specific options13;
lack of insurance is a substantial barrier to care. Finally, some
individuals only felt safe at specific hospital sites or clinics. It
is important to understand and build structural interventions
and formulate policies that contribute to these feelings of
safety and trust more broadly.

learning about their rights, and identified communication
about rights as a key future intervention. Our study supports
the need for the following: 1) increased culturally and
linguistically appropriate patient communication, including
media campaigns, about rights/resources and the role of law
enforcement and healthcare providers; and 2) efforts within
and outside the ED to address structural barriers to emergency
care for UDLI.

LIMITATIONS
We note several limitations, including the convenience
sample of the overall study and the fact that a relatively
small percentage of participants provided qualitative data. As
compared to the larger quantitative study, the demographic
characteristics of qualitative study participants were
substantially different. Comments represented largely middleaged, Spanish-speaking individuals, of whom half were
ULDI and a third were LLRC. Although skewed with respect
to the larger quantitative study, this analysis highlights the
experiences of the two communities impacted the most by
anti-immigrant rhetoric.1
In addition, our study captured the experiences of
individuals who ultimately sought emergency care. To directly
represent the experiences of UDLI who completely avoid
the ED due to fear and other barriers, future study sites may
include other locations such as community-based organizations
and clinics. Also, our study occurred in sanctuary cities within
a sanctuary state and does not reflect the experiences of all
patients in different settings but may reflect perspectives of
hospitals with large immigrant populations.
Other limitations included the lack of recordings or followup to elicit further information, a decision we made to maintain
confidentiality and security. However, given the opening for
unstructured commentary, participants shared a wide range
of experiences and perspectives that were not captured in our
quantitative data, and to mediate recording error, research
assistants documented notes right after the interview.
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Introduction: Patients presenting to the emergency department (ED) with “low-risk” acute coronary
syndrome (ACS) symptoms can be discharged with outpatient follow-up. However, follow-up compliance
is low for unknown nonclinical reasons. We hypothesized that a patient’s social factors, health literacy,
self-perceived risk, and trust in the emergency physician may impact follow-up compliance.
Methods: This was a prospective study of a convenience sample of discharged ED patients presenting
with chest pain and given a follow-up appointment prior to departing the ED. Patients were asked about
social and demographic factors and to estimate their own risk for heart disease; they also completed the
Short Assessment of Health Literacy-English (SAHL-E) and the Trust in Physician Scale (TiPS).
Results: We enrolled146 patients with a follow-up rate of 36.3%. Patients who had a low self-perceived
heart disease risk (10% or less) were significantly less likely to attend follow-up than those with a higher
perceived risk (23% vs 44%, P = 0.01). Other factors did not significantly predict follow-up rates.
Conclusion: In an urban county ED, in patients who were deemed low risk for ACS and discharged, only
self-perception of risk was associated with compliance with a follow-up appointment. [West J Emerg Med.
2021;22(3)667–671.]

INTRODUCTION
Chest pain is a most commonly presenting symptom in
the emergency department (ED).1 One of the greatest concerns
for chest pain patients is acute coronary syndrome (ACS),
which includes high-mortality issues such as myocardial
infarction. ED discharge is appropriate if a patient’s history,
electrocardiogram, troponin levels, and other risk factors are
considered low risk.2,3 However, follow-up is recommended
even if appropriately discharged.4 Follow-up compliance in
these discharged patients is low, with only 70% attending
primary care follow-up within 30 days.2-5 The American Heart
Association /American College of Cardiology recommend
follow-up within 72 hours of discharge, a guideline that has
compliance as low as 6%.4 Previous research has shown that
social and demographic factors such as health insurance and
socioeconomic status may impact outcomes and follow-up.2,3
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In addition, previous research has indicated that an
appointment scheduling system and health insurance are highyield targets to improve patient follow-up.3,6 Little is known
about subjective variables such as self-perceived risk for
heart disease, trust in the emergency physician, comfort with
diagnosis, and health literacy. The objective of this study was
to determine whether these factors have an impact on follow-up.
METHODS
This was a prospective study of a convenience sample of
patients discharged with follow-up after a visit for chest pain.
This study was reviewed and approved by our institutional review
board. The population included those given acute response
clinic (ARC) appointments following ED discharge from an
urban hospital in Dallas between November 2017–March 2019.
Eligible patients were English-speaking, older than 18 years,
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and presented with chest pain, later determined to be low risk
for ACS. Patients had to be referred to an ARC appointment
before being discharged. Exclusion criteria included pregnant
patients, prisoners, homeless patients, or those with human
immunodeficiency virus (HIV). Homeless patients and those with
HIV are referred to separate clinics that specialize in holistic care
for these populations. We excluded these populations in order to
isolate patients referred exclusively for chest pain.
Acute response clinic appointments are available for local
county residents as a way to receive primary care follow-up.
If the resident has an established provider, an appointment is
scheduled with that provider instead. Appointments to the ARC
are made by case management staff and reviewed with the patient
before discharge. An author verified that an ARC appointment
within 30 days was provided before enrolling patients.
Eligible patients were enrolled in person before discharge
using a pre-assembled study packet. Information was acquired
verbally after obtaining consent. Studied demographic
information included gender, age, race, ethnicity, and religious
affiliation. Social determinants of health (SDH) is defined
as the conditions in which people are born, grow, live,
work and age, as well as the drivers of those conditions.3
Socioeconomic factors in particular, such as income, education,
and employment, are major influences.3 Therefore, we chose
to evaluate education, employment, marital status, household
income, and insurance status as primary SDH. An income of
$10,000 a year was set as the cutoff for household income, as a
simplified means of identifying poverty.
Patients were asked, “What do you think your risk for
heart disease is with 0% being no risk and 100% being certain
you have heart disease?” This question was repeated as often
as necessary without further clarification. Low-risk patients
had a self-perceived risk of 0-10%, high-risk patients 11-99%,
and certain patients 100%. We chose 10% as the low-risk
cutoff based on tools such as the Framingham risk score for
hard coronary heart disease and the prospective cardiovascular
Munster study (PROCAM) risk calculator, which estimate
10-year cardiovascular disease risk. Framingham scores based
on Adult Treatment Panel III classify men as low risk if their
10-year risk of cardiovascular events is <10%, and PROCAM
also classifies scores <10% as low risk. Thus, we determined
10% was an appropriate “low-risk” cutoff.7
Patients were given the Short Assessment of Health LiteracyEnglish (SAHL-E) to determine health literacy; a score of 14
or lower on the 18-item exam determined low health literacy.8
Health literacy is associated with adherence, especially for
non-medication regimens and cardiovascular disease.9 A visual
analogue scale for discomfort, based on a Likert scale, was used
to determine comfort level with their ED diagnosis, composed of
large numbers from 0-5 with “0” representing total satisfaction
and “5” representing complete discomfort.10 Below these
numbers was the request “rate comfort level with diagnosis.”
Finally, the Trust in Physician Scale (TiPS) was given to
determine the level of trust in the patient’s emergency physician.11
Western Journal of Emergency Medicine

Trust in physician is correlated with continuation of care.12 We
separated the TiPS scores into tertiles, representing low, medium,
and high trust.
We assessed barriers to follow-up, including
transportation, cost of parking, getting time off work, not
understanding why the appointment was made, family
obligations, and appointment length, Primary outcome was
attendance at follow-up appointment. Using the patient’s
electronic health (EHR), we reviewed whether or not they
attended their ARC follow-up or used another provider.
Analysis Plan
All variables were categorical and are presented as the count
and percent frequency of occurrence. Patients who attended
their follow-up appointments were compared to those who did
not with regard to the above variables using either a chi-square
test or a Fisher’s exact test, as appropriate. Then, to account for
confounders we performed a multivariate logistic regression
analysis to determine whether any of the above variables were
associated with successful follow-up. All P-values are two-sided
and considered significant at the 5% level. Analysis was done
using SOFA Statistics software (Paton-Simpson & Associates
Ltd, Auckland New Zealand) and R software (the R Project for
Statistical Computing, Vienna, Austria) [Figure].

Figure. CONSORT diagram. Flow diagram showing process for
patient selection and exclusion for the study.
ED, emergency department; ARC, acute response clinic; HIV,
human immunodeficiency virus.
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RESULTS
Overall, approximately 10% of eligible, English-speaking
patients who were given an ACR appointment after being
discharged from the ED due to chest pain were captured.
We enrolled 146 patients: 47 (32.2%) showed for their ARC
appointments and 82 (56.2%) failed to show despite having an
appointment. Seventeen (11.6%) patients cancelled their initial
ARC appointment, with two (1.7%) attending another ARC
appointment; four patients (2.7%) achieved outside follow-up.
Overall, 53 (36.3%) patients achieved some form of follow-up.
No demographic factor was associated with ARC follow-up rate.
Of the 53 patients reporting low risk of heart disease (selfassessed risk <10%), only 12 showed for their appointment
(22.6%). The 67 patients reporting high risk (self-assessed risk
11-99%) showed for their appointment 44.8% of the time, and
those who were certain they had heart disease showed 42.3% of
the time. Patients who considered themselves to be at low risk
were less likely to attend their follow-up appointments than those
who considered themselves to be at high risk or certain (22.6%
vs. 44.1%, P = 0.01) [Table 1].

Table 1. Comparison between patient self-perceived risk for
heart disease, total number of patients in each self-perceived risk
category, and the number of patients who showed up for their
acute response clinic appointment.
Participants, n(%)

Show number and
rate (%)

Low

53 (36.3)

12 (22.6)

High

67 (45.9)

30 (44.8)

Certain

26 (17.8)

11 (42.3)

Self-perceived risk

We identified 29.5% of patients as having low health literacy.
The majority (52.7%) of patients were comfortable with their ED
diagnoses, and most (77.1%) trusted their emergency physician.
Table 2 shows assessed SDH as well as patient health literacy,
their comfort with their diagnosis, and their TiPS score. No
SDH was significantly associated with follow-up. We found no
significant association between the other variables and show rate.
The majority of our patients reported at least one barrier to
follow-up (54.8%). Although 42.5% of patients who reported one
or more barriers showed for their ARC appointment compared to
28.8% of patients reporting no barrier attending, there was not a
significant association (P = 0.09). Of those, the majority (52.5%)
of patients reported transportation as a potential barrier. Table 3
details which barriers in particular were reported.
Following initial univariate analysis with chi-square, we
performed a multivariate logistic regression analysis, the results
of which are detailed in Table 4. Self-perceived risk remains the
only variable significantly associated with follow-up rate.
Volume 22, no. 3: May 2021

DISCUSSION
Outpatient follow-up is critical to manage patients at
low risk for ACS after ED discharge. Compliance in our
population is low at 36.3%, relative to previous studies with
compliance around 65%.2 As this number does not include the
large population with a pre-existing primary care provider, we
could not determine whether this was secondary to included
factors or to a different population. However, we did expect
higher levels given our appointment-setting protocol.2
Importantly, our study showed that self-perceived heart
disease risk is associated with follow-up. Social determinants
and health literacy were not associated with follow-up,
implying education is not the primary factor. Although the
SAHL-E and TiPS have good reliability and validity,8,11 to our
knowledge TiPS has not yet been validated in an emergency
setting, and is intended for outpatient clinic assessment. There
is a fundamental shift in provider between ED and clinic, and
the impact of having trust in a physician who is not managing
continuing care has yet to be seen.
Previous research has shown that patients cannot accurately
report their own cardiovascular risk despite accurately reporting
risk factors, with almost 90% of patients underestimating their
risk. Patients are often unable to relate their risk factors with
actual risk for cardiovascular events.13 Prior events such as
previous emergency assessments for chest pain, strong family
history for ACS, and medical history including risk factors
such as hypertension and diabetes may influence patients
to have a higher self-perceived risk. Stressing actual risk of
cardiovascular events with patients, potentially using objective
assessment tools such as PROCAM and Framingham, may
be helpful for emergency physicians to adjust self-perceived
risk to be more in line with actual risk and in turn improve
follow-up rates. It may be difficult to apply this to patient care
to improve follow-up. Health education is likely not sufficient
as an intervention; health literacy and education status were
not significantly associated with show-up rates. However,
cardiovascular-specific education and individualized education
has previously proven to be helpful.13
LIMITATIONS
This study has a few limitations to consider. As we required
an ARC appointment to be eligible, patients referred to other
clinics or an existing provider were excluded. We also excluded
Spanish-speaking only patients who are a significant portion of
the hospital population. Of the patients who potentially qualified,
only a relatively small percentage (10.8%) of them could be
interviewed primarily due to limited data collector availability.
There was only one active interviewer at a time, and interviewers
were not necessarily available on a regular basis. This further
limitation resulted in wider than desirable confidence intervals.
We did not inquire about primary care follow-up beyond use of
the EHR. Although the hospital-associated system includes many
providers, it is possible that patients attended follow-up out of
network. Overall, this study is generalizable to urban institutions
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Table 2. Social determinants of health (SDH), health literacy, emergency department (ED) diagnosis comfort, and Trust in Physician
TiPS scale. Comparison between patient variables, number of participants in each variable, and show rate for those participants. Show
rate difference is the largest difference in percentages between overarching variables. No SDH was significantly associated with followup. No significant association between other variables and show-rate was found.
Variable

Participants n, (%)

Education

Show number and rate (%)

146

High school graduate or higher

93 (63.7)

30 (32.3)

Non-graduate

53 (36.3)

23 (43.4)

Employment

145

Yes

56 (38.4)

19 (34.0)

No

89 (61.6)

34 (38.2)

Marital status

143

Married

33 (23.1)

13 (39.4)

Not married

110 (76.9)

40 (36.4)

Health insurance status

146

Uninsured

55 (37.7)

17 (30.9)

Insurance or discount program

91 (62.3)

36 (39.6)

Household income

127

< $10,000/year

40 (31.5)

17 (42.5)

> $10,000/year

87 (68.5)

26 (29.9)

Health literacy

146

Low health literacy

43 (29.5)

17 (39.5)

Normal health literacy

103 (70.5)

36 (35.0)

Diagnosis comfort

146

Comfortable

77 (52.7)

27 (35.1)

Mildly uncomfortable

38 (26.0)

14 (36.8)

Very uncomfortable

31 (21.2)

12 (38.7)

TiPS scale

146

Low

48 (32.9)

21 (43.8)

Medium

69 (47.3)

23 (33.3)

High
29 (19.8)
CI, confidence interval; TiPS, Trust in Physician Scale.

9 (31.0)

that care mostly for low-income patient populations. It is unclear
how institutions that provide for different patient populations
would be impacted.
Additional limitations involve questionnaire validity. It is
possible that our question may have been interventional; by
asking patients to self-assess, they may have become more
inclined to follow up. Our question was not validated by other
studies. The lack of detail included in the question may have been

Show rate (%) difference

95% CI (%)

11.1

-6,28

4.2

-13,20

3

-16,23

8.7

-9,24

12.6

-11,26

4.5

-13,23

3.6

-17,22

12.8

-12,34

confusing, as patients may not have understood whether risk
meant heart failure, coronary artery disease, or other heart-related
diseases and issues. In addition, the visual analogue scale used to
determine comfort with diagnosis was not a previously studied or
validated scale.
CONCLUSION
We found that self-perceived risk for heart disease is

Table 3. Reported barriers to follow- up. Compares barriers reported and the number of participants reporting each barrier.
Cost of
Don’t understand
Family
No barriers Transportation Time of appt
parking
Time off work
appt need
obligations
Length of appt
66
Appt, appointment.

42

25
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Table 4. Low vs high/certain self-perceived risk was significantly
(P = 0.01) associated with follow-up rates when using multivariable
logistic regression to account for confounding. No other variable
was found to be significantly associated.
Variable

P-value

Odds ratio

95% confidence
interval

Self-perceived risk

0.01

2.84

(1.25,6.42)

Gender

0.62

0.82

(0.39,1.74)

Race

0.68

0.95

(0.75,1.20)

Ethnicity

0.19

1.66

(0.77,3.54)

Religion

0.47

1.00

(0.99,1.00)

Education level

0.67

1.00

(0.98,1.02)

Employment

0.86

0.93

(0.42,2.03)

Marital status

0.64

0.99

(0.96,1.02)

Income

0.66

0.99

(0.99,1.00)

Insurance

0.26

1.07

(0.94,1.22)

Health literacy

0.20

1.72

(0.74,4.01)

TiPS

0.32

0.76

(0.44,1.30)

Barriers

0.21

1.63

(0.74,3.57)

VAS

0.91

0.97

(0.61,1.55)

Constant

0.01

REFERENCES
1. Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guidelines
on the management of stable coronary artery disease: the Task
Force on the Management of Stable Coronary Artery Disease of the
European Society of Cardiology. Eur Heart J. 2013;34(38):2949-3003.
2. Wong MK, Wang JT, Czarnecki A, et al. Factors associated with
physician follow-up among patients with chest pain discharged from
the emergency department. CMAJ. 2015;187(5):E160-8.
3. Braveman P, Gottlieb L. The social determinants of health: It’s time
to consider the causes of the causes. Public Health Rep. 2014;129
Suppl 2(Suppl 2):19-31.
4. Milano P, Carden DL, Jackman KM, et al. Compliance with outpatient
stress testing in low-risk patients presenting to the emergency
department with chest pain. Crit Pathw Cardiol. 2011;10(1):35-40.
5. Story M, Reynolds B, Bowser M, et al. Barriers to outpatient stress
testing follow-up for low-risk chest pain patients presenting to an ED
chest pain unit. Am J Emerg Med. 2016;34(5):790-3.
6. Atzema CL, Maclagan LC. The transition of care between emergency
department and primary care: a scoping study. Acad Emerg Med.
2017;24(2):201-15.
7. Versteylen MO, Joosen IA, Shaw LJ, et al. Comparison of
Framingham, PROCAM, SCORE, and Diamond Forrester to predict

TIPS, Trust in Physician Scale; VAS, visual analogue scale.

coronary atherosclerosis and cardiovascular events. J Nucl Cardiol.
2011;18(5):904-11.
8. Lee SY, Stucky BD, Lee JY, et al. Short Assessment of Health Literacy-

associated with follow-up rates in patients who present to the
ED with chest pain. We failed to find an association between
social determinants of health, health literacy, trust in physician
or barriers to access, and follow-up rates in these patients.
Conversations with patients about their actual risk of ACS,
such as with objective cardiovascular risk assessments such
as the PROCAM and Framingham tools, may improve patient
compliance with follow-up. Future studies should investigate
how to improve follow-up compliance.

Spanish and English: a comparable test of health literacy for Spanish
and English speakers. Health Serv Res. 2010;45(4):1105-20.
9. Miller TA. Health literacy and adherence to medical treatment in
chronic and acute illness: a meta-analysis. Patient Educ Couns.
2016;99(7):1079-86.
10. Likert R. A technique for the development of attitude scales. Educ
Psychol Meas. 1952;12:313-15.
11. Anderson LA, Dedrick RF. Development of the Trust in Physician
scale: a measure to assess interpersonal trust in patient-physician
relationships. Psychol Rep. 1990;67(3 Pt 2):1091-100.
12. Graham JL, Shahani L, Grimes RM, et al. The influence of trust
in physicians and trust in the healthcare system on linkage,

Address for Correspondence: Deborah B. Diercks, MD, MSc,
University of Texas Southwestern, Department of Emergency
Medicine, 5323 Harry Hines Blvd, Dallas, TX 75320. Email:
Deborah.Diercks@UTSouthwestern.edu.

retention, and adherence to HIV care. AIDS Patient Care STDS.
2015;29(12):661-7.
13. Hussein HM, Harris-Lane P, Abdelmoula MM, et al. Accuracy of selfperception of cardiovascular risk in the community. J Vasc Interv

Conflicts of Interest: By the WestJEM article submission
agreement, all authors are required to disclose all affiliations,
funding sources and financial or management relationships that
could be perceived as potential sources of bias. No author has
professional or financial relationships with any companies that are
relevant to this study. There are no conflicts of interest or sources
of funding to declare.

Neurol. 2008;1(4):106-12.

Copyright: © 2021 Sutton et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

Volume 22, no. 3: May 2021

671

Western Journal of Emergency Medicine

Original Research

Performance of Emergency Heart Failure Mortality Risk
Grade in the Emergency Department
Nidhi Garg, MD*
Renee Pekmezaris, PhD†
Gerin Stevens, MD, PhD‡
Adan Z. Becerra, PhD§
Andrzej Kozikowski, PhD¶
Vidhi Patel, PhD†
Ghania Haddad, MD||
Phillip Levy, MD, MPH#
Pridha Kumar, BS**
Lance Becker, MD**

*Northwell Health, Southside Hospital, Department of Emergency Medicine, Bayshore,
New York
†
Northwell Health, Department of Internal Medicine, Manhasset, New York
‡
Northwell Health, Department of Cardiology, Manhasset, New York
§
Rush University Medical Center, Department of Surgery, Chicago, Illinois
¶
National Commission on Certification of Physicians Assistants, John’s Creek, Georgia
||
Northwell Health, Department of Emergency Medicine, Manhasset, New York
#
Wayne State University School of Medicine, Department of Emergency Medicine,
Detroit, Michigan
**Northwell Health, Long Island Jewish Medical Center, Department of Emergency
Medicine, New Hyde Park, New York

Section Editor: Sam Torbati, MD
		
					
Submission history: Submitted July 6, 2020; Accepted January 11, 2021
Electronically published April 8, 2021		
Full text available through open access at http://escholarship.org/uc/uciem_westjem 		
DOI: 10.5811/westjem.2021.1.48978

Introduction: The purpose of this study was to validate and assess the performance of the Emergency
Heart Failure Mortality Risk Grade (EHMRG) to predict seven-day mortality in US patients presenting
to the emergency department (ED) with acute congestive heart failure (CHF) exacerbation.
Methods: We performed a retrospective chart review on patients presenting to the ED with acute
CHF exacerbation between January 2014–January 2016 across eight EDs in New York. We identified
patients using codes from the International Classification of Diseases, 9th and 10 Revisions, or who
were diagnosed with CHF in the ED. Inclusion criteria were patients ≥ 18 years of age who presented
to the ED for acute CHF. Exclusion criteria included the following: end-stage renal disease related heart
failure; < 18 years of age; pregnancy; palliative care; renal failure; and “do not resuscitate” directive.
The primary outcome was seven-day mortality. We used mixed-effects logistic regression models to
estimate C-statistics and continuous net reclassification index for events and nonevents.
Results: We identified 3,320 ED visits associated with suspected CHF among 2,495 unique patients.
Of the 3,320 ED visits, 94.7% patients were admitted to the hospital and 3.4% were discharged. The
median age was 78.6 (interquartile range 68.01 - 86.76). There was an overall seven-day mortality of
2%, an inpatient mortality rate of 2.4%, and no mortality among the discharge group. Adding EHMRG
to the risk prediction model improved the C-statistic (from 0.748 to 0.772) and led to a higher degree of
reclassification for both events and nonevents.
Conclusion: The EHMRG can be used as a valuable and effective screening tool in the US while
considering disposition decision for patients with acute CHF exacerbation. Emergency medical
services transport and metolazone use is much higher in the US population as compared to the
Canadian population. We observed minimal to no short-term mortality among discharged CHF patients
from the ED. [West J Emerg Med. 2021;22(3)672–677.]

INTRODUCTION
Background
Nearly 700,000 emergency department (ED) visits were
due to acute heart failure (AHF) in 2009.1-4 Most visits result in
Western Journal of Emergency Medicine

a hospital admission and account for the largest proportion of
the projected $70 billion that will be spent on heart failure care
by 2030.4,5 There are few prognostic algorithms to guide in the
decision to either admit or discharge a patient appropriately. Thus,
672

Volume 22, no. 3: May 2021

Emergency Heart Failure Mortality Risk Grade in the ED

Garg et al.
clinicians may hospitalize some low-risk patients who have HF
and may discharge home high-risk patients without being able to
accurately assess prognosis.6 The lack of an accurate prognostic
algorithm may be a contributing factor to the 80% admission
rate for ED patients with AHF in the United States, which has
remained unchanged over the last several years.7
A multicenter, Canadian cohort study reviewed the data of
approximately 12,500 patients to derive and validate a risk model
for predicting acute mortality in patients with HF who present
to the ED. The randomly selected patients from 86 hospitals
in the province of Ontario had visited an ED for HF and were
discharged or hospitalized between April 1, 2004–March 31
, 2007 (an average of 36 patients per hospital per year). Based
on this data and assessing different variables such as age,
transportation by emergency medical services (EMS), systolic
blood pressure, heart rate, oxygen saturation (SpO2), creatinine,
potassium, troponin, active cancer, and metolazone use at home,
the researchers calculated an Emergency Heart Failure Mortality
Risk Grade (EHMRG). The EHMRG served to stratify seven-day
mortality risk after initial presentation with AHF, regardless of
whether the patient was discharged from the ED or hospitalized.8
A recent study by Lee et al examined the validation of the
EHMRG score compared to physician-estimated risk of sevenday mortality.12 Building on their conclusion that the EHMRG
model proved to be a better indicator of seven-day mortality
than physician estimates, we aimed to further validate this
score by conducting a retrospective chart review to create a risk
stratification of patients presenting to the ED with acute CHF
exacerbation. There have been no studies performed in the US
and independent of the original author to validate this score.
The purpose of our study was to validate and assess the
performance of the EHMRG to risk stratify adult patients
presenting to ED with acute CHF exacerbation based on
seven-day mortality in our US population. Our secondary goal
was to study the demographic patterns, disposition rates, and
ED re-visit rate of CHF patients.
METHODS
Study Design and Setting
We conducted a retrospective chart review of patients
presenting to the ED with acute CHF exacerbation between
January 2014–January 2016. We extracted data from all patients
admitted or discharged with an International Classification of
Diseases, 9th or 10th Revision, (ICD 9 or 10) code for CHF as
entered by an emergency physician. We obtained approval from
our institutional review board before study initiation.
Selection of Participants
We collected data from eight EDs across the largest
health system in New York via the electronic health record
(EHR) system (Allscripts Healthcare Solutions, Chicago, IL).
Of the eight EDs, four were located at tertiary care centers
and four were at community centers spanning the boroughs
of Manhattan and Queens and the counties of Nassau and
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
The Emergency Heart Failure Mortality Risk
Grade (EHMRG) has been validated in Canada
to predict 7-day mortality but has not yet been
validated in the United States (US).
What was the research question?
We assessed the performance of the EHMRG to
predict 7-day mortality in patients presenting with
congestive heart failure (CHF) exacerbation.
What was the major finding of the study?
The EHMRG adequately improved risk
prediction of 7-day mortality for CHF-related
ED visits in the US.
How does this improve population health?
Its use as a screening tool for the disposition
decision of CHF-related ED visits encourages
evaluation for social factors that may contribute
to unsafe discharge.

Suffolk. The total number of annual visits was 442,059 in
2014 and 473,387 in 2015 (see Appendix B for the detailed
distribution of volume per hospital site). Inclusion criteria
included adult patients at least 18 years of age or older who
presented to the ED for acute CHF categorized using ICD
codes for CHF. We excluded patients who were younger than
18 and those who presented to the ED with HF related to
end-stage renal disease. We also excluded patients who were
pregnant or had renal failure. Patients receiving palliative care
and patients who had a “do not resuscitate” directive on file
were also excluded from the study.
Measurements
We collected both demographic and clinical data. Data
abstraction was largely conducted electronically to reduce
the error of documentation. Data not retrievable by electronic
means, such as whether the patient was transported by EMS
or used metolazone, was retrieved by three trained research
associates who were blinded to the study hypothesis. The
presence of active cancer was objective information obtained
by chart extraction, and its clinical determination was made
by chart review and confirmed with evidence of treatment.
Troponin values were sorted as “yes” if values were above
normal baseline levels and as “no” if values were not above
normal levels (Table 1). Only the principal investigator
and co-investigators had access to the data. The data was
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Table 1. Patient characteristics, overall and stratified by mortality.
Overall (N = 3320)
n (%)

Died within 7 days (N = 69, 2%)
n (%)

Alive (N = 3251 98%)
n (%)

78.7 (68.13-86.7)

86.3 (77.3-90.82)

78.6 (68.0-86.5)

Male

1,710 (51.5)

27 (1.6)

1,683 (98.4)

Female

1607 (48.4)

42 (2.6)

1,585 (97.4)

3 (0.1)

0 (0)

3 (100)

White

1,838 (55.4)

44 (2.4)

1,794 (97.6)

Black

838 (25.2)

11 (1.3)

827 (98.7)

Asian

211 (6.4)

4 (1.9)

207 (98.1)

Other

337 (10.2)

3 (0.9)

334 (99.1)

13 (0.4)

0 (0)

13 (100.0)

Characteristics
Age (median [Q1-Q3])
Gender

Unspecified
Race/ethnicity

Declined
Unknown

73 (2.2)

7 (9.6)

66 (90.4)

Troponin

258 (1.9)

57 (2.8)

25 (1.9)

Upper limit of normal

811 (24.4)

33 (4.1)

778 (95.9)

2,509 (75.6)

36 (1.4)

2,473 (98.6)

Yes

1,742 (52.5)

54 (3.1)

1,688 (96.9)

No

1,578 (47.5)

15 (1.0)

1,563 (99.0)

Normal
EMS transport

Active cancer
Yes

163 (4.9)

8 (4.9)

155 (95.1)

No

3,157 (95.1)

61 (1.9)

3,096 (98.1)

Metolazone
Yes

132 (4.0)

1 (0.8)

131 (99.2)

No

3,188 (96.0)

68 (2.1)

3,120 (97.9)

3,144 (94.7)

67 (2.1)

3,077 (97.9)

AMA

19 (0.6)

0 (0)

19 (100)

Discharge

113 (3.4)

0 (0)

113 (100)

Observation

22 (0.7)

0 (0)

22 (100)

Transfer

20 (0.6)

0 (0)

20 (100)

Disposition
Admitted

Expire

2 (0.0)

2 (100)

0 (0)

139.0 (121.0-159.0)

122 (104.0-146.0)

139.0 (121.0-159.0)

Heart rate (beats/min; median [Q1-Q3]*)

82.0 (70.0-96.0)

83.0 (72.0-98.0)

82.0 (70.0-96.0)

SpO2 (%; median [Q1-Q3]*)

Systolic blood pressure (mm Hg; median [Q1-Q3]*)

97.0 (95.0-99.0)

96.0 (94.0-99.0)

97.0 (95.0-99.0)

Creatinine (mg; median [Q1-Q3]*)

1.3 (1.0-1.9)

1.5 (1.1-2.2)

1.3 (1.0-1.9)

Potassium (mg; median [Q1-Q3]*)

4.3 (3.9-4.8)

4.5 (4.0-5.1)

4.3 (3.9-4.8)

EHMRG score (median [Q1-Q3]*)
24.7 (-19.9-71.1)
103.5 (32.3-166.9)
23.6 (-20.6-69.7)
Main Results: *Q1: First Quartile. Q2: Third quartile. Sixty-nine (2.0%) of the ED visits led to death within 7 days of ED presentation, while
3,251 (98.0%) survived 7 days from discharge. No patients died within 7 days of discharge from ED in our study population. The median
EHMRG score among the sample was 24.7 (Q1-Q3 = 19.9-71.1).
EMS, emergency medical services; AMA, against medical advice; SpO2, oxygen saturation; EHMRG, Emergency Heart Failure Mortality
Risk Grade; mm Hg, millimeters mercury; mg, milligram; ED, emergency department.

provided by a data analyst in a password-secured file and
imported into REDCap (Research Electronic Data Capture,
Western Journal of Emergency Medicine

Vanderbilt University, Nashville, TN). Since EHMRG is a
multivariable equation, an electronic, REDCap-based formula
674

Volume 22, no. 3: May 2021

Emergency Heart Failure Mortality Risk Grade in the ED

Garg et al.
was developed to calculate the score and reduce the error of
calculation. The data sheet was set to record the individual
factors of EHMRG and then calculate the score. A pilot test
was successfully conducted prior to the chart review.
Outcomes
Our primary outcome was seven-day mortality in these
patients. The mortality data was collected by a proxy system.
For patients who were discharged before seven days from the
ED visit, we reviewed their EHR for subsequent clinic visit or
revisit to any point of contact in our health system. The patients
were flagged as deceased by the insurance provider, and dates
of death were recorded to calculate mortality.
Analysis
We conducted descriptive analyses for all variables to
assess their distribution. Categorical variables are presented
as percentages and continuous variables as medians with
interquartile ranges (IQR). All ED visits (including multiple
ED visits for some patients) were used in multivariable
analysis. We used two separate mixed-effects logistic
regression models to allow for multiple ED visits per patient.
We clustered by patient health record number in order to
validate the assumption of correlated outcomes in the same
patient. The first model used the individual metrics to derive
the EHMRG score as individual-level predictors. The second
model added the EHMRG score to the first model to predict
seven-day mortality.
To determine appropriate sample size, we used events
per variable ratio criteria. With 10 variables, an adequate
number of events would be 100. We also estimated odds
ratios and 95% confidence intervals (CI) for the EHMRG
score quantiles from the second model. The apparent
area under the receiver-operating characteristic (ROC)
curve was estimated and plotted in a graph for the second
model. We also estimated the C-statistic of each model
and estimated the difference in C-statistic and P value for
difference in C-statistic. The C-statistic is a unitless index
denoting the probability that a randomly selected subject
who experienced the outcome will have a higher predicted
probability of having the outcome occur compared to a
randomly selected subject who did not experience the event.
It can also be interpreted as the rank correlation between
predicted probabilities of the event occurring and the
observed response. Finally, we estimated the continuous net
reclassification index for events and nonevents separately.
All analyses were conducted using R Statistical software (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Characteristics of Study Subjects
Over the study period we used ICD codes to identify
3,782 ED visits that met the inclusion criteria. Of these, 462
were excluded because they did not meet the inclusion criteria
or had incomplete data, leaving a final sample size of 3320
ED visits among 2,495 unique patients. Disposition data was
missing from 189 visits; 123 visits were excluded because of
renal failure; 34 had missing data on EMS transport; six were
missing cancer information; three were missing metolazone
information; one was missing initial SpO2; 22 were missing
creatinine levels; 83 were missing potassium serum data; and
one was missing heart rate data. We found no evidence that
visits with missing data were different than visits with data
(P = 0.51); thus, we analyzed only those with complete data.
Of the 3,320 ED visits included in the analysis, 3,144 patients
(94.7%) were admitted to the hospital and 113 (3.4%) were
discharged from the ED. Nineteen patients (0.6%) left against
medical advice; 22 (0.7%) were observed; 20 (0.6%) cases
were transferred; and two (0.0%) passed away in the ED.
The median age among all ED visits was 78.9 years
old with 1,607 (48.4%) females, and the median length of
stay for those admitted to the hospital was seven days. The
predominant racial category was White, constituting 55.4%
of the ED visits. Table 1 presents the overall distribution
of demographics and disposition of all ED visits. Table 2
presents median EHMRG scores by disposition type.
We fit two separate mixed-effects logistic regression
models. The first logistic regression input all of the variables
used to calculate EHMRG scores individually into the model.
The second logistic regression model added the quantiles of
the EHMRG scores. The C-statistic of the multivariable model
using the individual variables was 0.748 (95% CI, 0.683 to
0.813) and the C-statistic of the model with EHMRG quantiles
was 0.772 (95% CI, 0.729 to 0.815), suggesting that the model
using EHMRG was superior for risk stratification (see Figures
1 and 2 for ROC curve). The C-statistic of the model with
EHMRG was 0.024 (3.2% higher) than the C-statistic of the
model with individual covariates, a significant improvement
(P = 0.04). The net reclassification index for events was 0.25
and 0.13 for non-events. As shown in Table 3, patients who
were in risk quantiles 5b had 6.16 times the odds of dying
within seven days as compared to those in risk quantiles 1.
DISCUSSION
In this study of CHF-related ED visits in a large US health
system, we found that the EHMRG score adequately improved
risk prediction of seven-day mortality, validating previous

Table 2. Mean Emergency Heart Failure Mortality Risk Grade scores by disposition type.
Admitted

AMA

Discharged

Observation

Transferred

EHMRG score
26.5
15.4
-16.1
-35.5
44.7
EHMRG, Emergency Heart Failure Mortality Risk Grade; AMA, against medical advice; ED, emergency department.
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Figure 1. Receiver operating characteristic curve for seven-day
mortality with the Emergency Heart Failure Mortality Risk Grade.

Figure 2. Receiver operating characteristic curve for seven-day
mortality with individual covariates.

studies in other countries. Specifically, the C-statistic was
higher when using EHMR quantile and this model led to 25%
and 13% of events and non-events to be classified into a better
risk category, respectively. Given that both the C-statistic and
the net reclassification improvement both have limitations, we
used both to produce consistent and robust results.
Our median age was 79, which is comparable to the median
age of 75 in the original EHMRG study and supports the fact
that CHF is an advanced and chronic illness, mostly affecting
the elderly. In our study we found that more than half of ED
visits (53%) used EMS as a transport to the ED, which was
much higher than the original study that recorded 38.5-43.4%.8
We also found that metolazone was used twice as often in
the Canadian data set; however, we had a lower percentage
of patients with active cancer who were suffering from CHF
exacerbation in our data set. Our mortality rate overall was
very similar to the Canadian study. Despite having the same
seven-day mortality rate in our population as compared to the
Canadian study, we identified that hospitalization mortality rates
were higher among patients who were admitted to the hospital,
as one may expect. We had a much higher percentage of nonnormal troponin levels, 24% as compared to 10.5-14.6% in the
original data set. The creatinine levels, systolic blood pressure,
heart rate, and mean potassium levels were similar in our data
set as compared to the Canadian data set. We found a similar
mean SpO2 level in our data set of 91.5% vs 92.9-93.9% in the
original study.8
The Canadian study enrolled 12,500 patients from 86
hospitals over a three-year period, which amounts to an average
of 36 patients per year per hospital. Patients were randomly
selected. This was different from our selection of patients.
However, the number of hospitals covered was greater and it
adjusts for more variation and practice patterns.8 We had an
admission rate of 94.7%, which was higher than the national
average admission rate of 80-85%; we had 0 outpatient discharge

seven-day mortality. Additionally, the ED revisit rate was 24.8%,
which is the national US average for CHF patients.9
The US and Canadian healthcare systems are different and
hence the risk involved in discharging a patient in the US is
higher medically and legally, which would explain no mortality in
the discharge group. However, in our system we still had a 24.8%
ED revisit for CHF, which is similar to the national average.
Therefore, it is unclear whether prior admission to the hospital
prevents further revisits to the ED and hence readmissions for the
same complaint. It is questionable whether the presence of a prior
admission is helpful in decreasing the chance of a revisit to ED.10
The percentage of health costs paid by the government in
Canada is 71.3% vs 49.1% in the US.11 There was no difference
in the mortality rate of our data set as compared to the Canadian
study. This leads us to explore the role of hospitalization on shortterm mortality. It has been well established that hospitalization is
an independent predictor of long-term mortality in CHF patients.
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LIMITATIONS
This was a retrospective study of a single (albeit large) health
system. This hospital system is in the Northeast US, and the
population is more diverse as compared to the rest of the country.
All the patients were not unique in our study; however, we
considered each CHF visit to be unique when a patient presented
to the ED.
The predictive ability of the EHMRG score in our data set
was less than the Canadian study. This may be due to the low
power of the study (only 69 events). All patients in our data set
who had a seven-day mortality were hospitalized, which leads
us to question the impact of hospitalization on mortality. A
lack of cohort of discharged patients with seven-day mortality
is a significant limitation of our study, as it depicts that the US
population and culture of medicine are quite different than
those of Canada. Another limitation was the use of ICD codes
to identify patients with CHF (as opposed to Framingham heart
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Table 3. Results of mixed-effects logistic regression model for 7-day mortality (n = 3,320).
Risk quantiles

Score range

7-day mortality rate %

1

≤ -49.1

0.91

2

- 49.0 to -15.9

1.11

1.22

0.33 – 4.58

0.77

3

-15.8 to 17.9

0.63

0.69

0.17 – 2.78

0.60

4

18.0 to 56.5

1.50

1.65

0.52 – 5.21

0.39

5a

46.6 to 89.3

1.56

1.72

0.50– 5.91

0.39

6.16

7.12

2.52 – 20.09

<0.001

5b
≥ 89.4
OR, odds ratio; CI, confidence interval.

OR

95% CI

P-value

Reference

failure diagnostic criteria), as it was practically difficult to apply
the criteria retrospectively due to documentation limitations.8
Finally, we did not account for patients who were diagnosed with
CHF exacerbation after admission to the hospital.

100,000 cases in the Acute Decompensated Heart Failure National
Registry (ADHERE). Am Heart J. 2005;149:209–16.
2. Cleland JG, Swedberg K, Follath F, et al. The EuroHeart Failure
Survey programme: a survey on the quality of care among patients
with heart failure in Europe. Part 1: patient characteristics and

CONCLUSION
In summary, risk prediction of seven-day mortality was
superior when using a model that implemented the Emergency
Heart Failure Mortality Risk Grade compared to a model that
used the individual components of the EHMRG as covariates.
EHMRG can be used as a good screening tool in the US while
considering the disposition decision for these patients presenting
with acute exacerbation of CHF. The objective evaluation
may point physicians to evaluate for social factors that might
contribute to unsafe discharge or poor outcomes. Potentially,
some of the low-risk patients can be evaluated for social needs
by a case manager or social worker, if available in the ED, and be
safely discharged. This will potentially avoid some admissions
and hence readmissions for the same issue.

diagnosis. Eur Heart J. 2003;24:442–63.
3. Nieminen MS, Brutsaert D, Dickstein K, et al. EuroHeart Failure
Survey II (EHFS II): a survey on hospitalized acute heart failure
patients: Description of population. Eur Heart J. 2006;27:2725–36.
4. Schappert SM, Burt CW. Ambulatory care visits to physician offices,
hospital outpatient departments, and emergency departments: United
States, 2001– 02. Vital Health Stat. 13. 2006;(159):1–66.
5. Hugli O, Braun JE, Kim S, et al. United States emergency department
visits for acute decompensated heart failure, 1992 to 2001. Am J
Cardiol. 2005;96:1537–42.
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identify emergency department patients with heart failure at high risk
for serious adverse events. Academic Emergency Medicine. 20, no.1
2013;20(1):17–26.
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Introduction: The objective of this study was to compare airway management technique,
performance, and peri-intubation complications during the novel coronavirus pandemic (COVID-19)
using a single-center cohort of patients requiring emergent intubation.
Methods: We retrospectively collected data on non-operating room (OR) intubations from February
1–April 23, 2020. All patients undergoing emergency intubation outside the OR were eligible for
inclusion. Data were entered using an airway procedure note integrated within the electronic
health record. Variables included level of training and specialty of the laryngoscopist, the patient’s
indication for intubation, methods of intubation, induction and paralytic agents, grade of view, use of
video laryngoscopy, number of attempts, and adverse events. We performed a descriptive analysis
comparing intubations with an available positive COVID-19 test result with cases that had either a
negative or unavailable test result.
Results: We obtained 406 independent procedure notes filed between February 1–April 23, 2020,
and of these, 123 cases had a positive COVID-19 test result. Residents performed fewer tracheal
intubations in COVID-19 cases when compared to nurse anesthetists (26.0% vs 37.4%). Video
laryngoscopy was used significantly more in COVID-19 cases (91.1% vs 56.8%). No difference in
first-pass success was observed between COVID-19 positive cases and controls (89.4% vs. 89.0%, p
= 1.0). An increased rate of oxygen desaturation was observed in COVID-19 cases (20.3% vs. 9.9%)
while there was no difference in the rate of other recorded complications and first-pass success.
Discussion: An average twofold increase in the rate of tracheal intubation was observed after March
24, 2020, corresponding with an influx of COVID-19 positive cases. We observed adherence to
society guidelines regarding performance of tracheal intubation by an expert laryngoscopist and the
use of video laryngoscopy. [West J Emerg Med. 2021;22(3)678–686.]

INTRODUCTION
A critical complication of coronavirus 2019 (COVID-19) is
acute respiratory insufficiency requiring supplemental oxygen
and mechanical ventilation. A recent report from Wuhan, China,
found that 14% of patients with novel coronavirus infections
developed acute hypoxemic respiratory failure and 2.3% of
patients required endotracheal intubation (ETI).1 During the
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previous severe acute respiratory syndrome coronavirus-1
(SARS-CoV-1) epidemic in 2003, a group in Singapore analyzed
airway registry data and noted a decrease in the proportion
of intubations performed by trainees and anesthesiologists
compared to emergency physicians (EP).2 A recent observational
study of emergent tracheal intubation in patients with COVID-19
in two hospitals in Wuhan reported a first-pass success (FPS)
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rate of 89% in patients who were intubated using rapid sequence
induction (RSI) and found that hypoxia and hypotension were
common peri-intubation complications.3 To our knowledge,
there has not been an analysis in the United States of airway
registry data with attention to outcomes including FPS rate
and complications, guideline adherence, or change in practice
patterns due to resource scarcity.
Endotracheal intubation (ETI) in suspected COVID-19
cases presents challenges related to rapid patient decline,
infection control, and resource scarcity. Several groups in
China and Italy have described precipitous decline in oxygen
saturation after loss of spontaneous breathing, particularly in
patients with decreased respiratory reserve.4-6 Non-elective
intubations performed in the emergency department (ED)
and intensive care unit (ICU) settings have been associated
with increased incidence of complications.7 During airway
management in suspected COVID-19 patients, enhanced
personal protective equipment (PPE) is ideally provided to
all operators, but the use of PPE has been associated with
decreased intubation success rate in simulation studies.4,8-10
Recent expert consensus guidelines from the Safe
Airway Society recommend that the airway operator be
the most experienced clinician available and, in anticipated
difficult cases, the intervention should be performed by an
anesthesiologist.11 In the 2003 SARS epidemic, an increased
proportion of intubations were performed by anesthesiologists
compared to EPs and fewer interventions were performed by
trainees.2 The authors did not note a difference in intubation
success or complication rates. The COVID-19 epidemic,
however, is greater in scale and has led to considerable strain
on healthcare systems.6,12,13 It is feasible that the incidence of
multiple airway attempts and complications may be impacted
by the current crisis, although this has not been directly studied.

Population Health Research Capsule
What do we already know about this issue?
Coronavirus disease (COVID-19) prompted
changes to intubation processes, primarily
aimed at infection prevention. First-pass
success rate is an accepted intubation
performance indicator.
What was the research question?
We sought to compare first-pass success
intubation rates prior to the COVID-19
pandemic surge to those of COVID-positive
cases during the surge.
What was the major finding of the study?
There was a significant increase in intubations
in response to COVID-19 with no difference in
first-pass success rate.
How does this improve population health?
COVID patient intubations can be performed
effectively as measured by first-pass success,
even with additional infection control and
process changes.

METHODS
Outcomes
First-pass success is an important measure of patient
prognosis following ETI.14 We have collected all emergent
intubations performed at our institution as a part of an ongoing
quality and patient safety initiative. The goal of this study was
to understand the effect of the increased number of COVID-19
cases and its effect on FPS and risk of adverse events at our
institution. We hypothesized that the complexity, volume, and
environmental constraints during the COVID-19 epidemic
would result in reduced FPS and increased complication
rates. The secondary goals of this study were to report on the
proportion of intubations performed by specialty and training
level, and adherence to recently proposed guidelines for
airway management in COVID-19 patients.5,8,11
Study Design
This is an unmatched retrospective cohort analysis
of all ETIs prospectively recorded in a continuous quality
improvement database from February 1–April 23, 2020. All
Volume 22, no. 3: May 2021

patients who underwent out-of-operating room (OR) ETI
were included, as the note is specifically used for emergent
procedures. This project was granted exemption by our
institutional review board as it is an analysis of a quality
improvement database. All patient name and health record
numbers were made anonymous to the researchers.
Study Setting and Population
We conducted this study in a 514-bed academic medical
center and safety-net hospital in Boston, Massachusetts.
The majority of intubations are typically performed by
residents in both the emergency medicine (EM) and
anesthesiology residency programs using either a direct or
video laryngoscope. All intubations performed in the ED and
ICU are supervised by attending physicians. The department
of anesthesiology transitioned the airway response team
to be comprised of expert laryngoscopists including nurse
anesthetists (CRNA), anesthesiologists, and select senior
residents. Prior to February 1, 2020, CRNAs did not regularly
perform emergent intubations. No changes were made to the
constitution of the airway response team in the ED.
Airway Management Policy
Multidisciplinary meetings were held on best practice in
airway management of COVID-19 patients at our institution in
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late February 2020. A consensus was reached to include routine
use of rocuronium with propofol for longer paralysis to minimize
disconnection of the breathing circuit and video laryngoscopy
to maximize FPS in suspected COVID-19 patients (Appendix
A). All patients requiring emergent intubation after February 1
were treated as possible COVID-19 patients, given the extended
turnaround period for testing early in the pandemic. This
involved standard use of negative pressure rooms, PPE involving
an N95 mask or approved respirators, face shield, gown, and
gloves. Recommendations for laryngoscopy technique and
pharmacologic agents for RSI was communicated in an email and
lecture format to all faculty and residents.
Study Protocol
An airway procedure note user interface and reporting
system was designed with structured and free-text fields
integrated within our hospital’s electronic health record, Epic
(Epic Systems Corporation, Verona, WI). Specific variables are
auto-populated including patient identifier, date-time, author,
and specialty. Provider type is collected as anesthesiologist,
attending EP, CRNA, or resident. The primary airway operator
then must document the following: technique; pre-oxygenation;
induction and paralytic agent; C-spine immobilization;
laryngoscopist; laryngoscope size; grade of view obtained;
external laryngeal manipulation; and common post-procedure
complications (dysrhythmias, hypotension, cardiac arrest,
aspiration, desaturation, esophageal intubation, laryngospasm,
bronchial intubation, airway trauma, dental trauma, medication
error, equipment failure) (Figure 1).

The adverse events in the procedure note coincide with those
identified in the NEAR study and were defined according to the
intubating clinician’s discretion.15 Each intubation attempt is
documented individually. The notes included in this study were
subject to routine professional billing procedures and manual
chart review by an external contractor, which prompts staff to
complete documentation. For notes filed between February 1–
April 23, 2020, data on EPIC intubation reports was run, which
includes both internal and external lab results corresponding
to COVID-19 status. The collected data was anonymized and
exported into a database compliant with the Health Insurance
Portability and Accountability Act of 1996. Duplicate entries
were removed according to health record number and date. Two
authors checked manually for errors in specialty assignment in
respect to corresponding faculty and resident directory listings.
We reconciled missing data within the complication
reporting section by assigning “no complication” in the
absence of documentation to ensure even distribution
of under-reporting bias. For this analysis, controls were
designated as those with a negative test result and those
who did not have a test sent to ascertain disease-specific
variation in FPS and complication rates. Given limited
testing capabilities early in the pandemic, patients were not
universally tested and we assume this group was most similar
to test-negative subjects due to low clinical suspicion.
Statistical Analysis
We analyzed variables using JMP Pro, version 15 (SAS
Institute, Cary, NC). Data were analyzed by intubation date

Figure 1. Screenshots of electronic health record airway procedure note that is created for each endotracheal intubation. The patient
name, time and author are auto-populated fields. The clinician is prompted to document each attempt individually and select multiple
post-procedure complications.
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and both persons under investigation and COVID-19 status.
We used descriptive statistics with tests of association to
analyze variables according to COVID-19 status. Variables
within procedure notes were not mutually exclusive (i.e.,
multiple responses were possible and “no response” was
also an option). We therefore chose analyze each specific
variable across COVID-19 positive versus control status to
compare incidences to avoid introducing bias. Tabulated data
is therefore presented as column percentages and raw response
rates. Categorical variables were summarized as number (%)
and compared using a Pearson’s chi-square test or two-tailed
Fisher’s exact test at a two-sided significance level of 0.05.
The assumptions for the chi-square test were that the study
groups were independent and that the sample size had cell
count with >5 cases. Continuous variables are presented as
medians and with a 95% confidence interval (CI).
A post-hoc sensitivity analysis of minimum effect size
(MES) was conducted for the Fisher’s exact test assuming
two independent samples (COVID-19 positive N = 123;
COVID-19 negative N = 283) with an α = 0.05 and 1- β =
0.8. For the primary endpoint, FPS rate, we used a previous
baseline FPS rate of 84% from unpublished institutional
data and 89% from a recent report of emergency tracheal
intubation in COVID-19 patients by Yao, Wang, and Jiang
et al.3 This estimated baseline FPS rate is also consistent
with a previous systematic review.16 We calculated a twosided MES of ±2.6% for FPS rate. For our secondary
endpoint, post- intubation complication rate, we selected
hypoxia to calculate a MES for post-intubation complication
rate. Yao and colleagues reported an hypoxia rate of
17.8% in COVID-19 tracheal intubations, which differs
significantly from a rate of 6.4% (95% CI, 2.5–11.9) in
a prior meta-analysis.3,16 We calculated a MES of ±9.4%
for post-intubation complication rate. We additionally
calculated an MES of ±15.1% for video laryngoscope as
the initial laryngoscopy mode using a previous study, which
reported an incidence rate of 52% in outside-of-OR tracheal
intubations.17 All power calculations were performed using
a statistical power analysis program G*Power 3.1.18 We did
not report significance values for the subgroup analysis as
this study as this study was not powered accordingly.
RESULTS
We identified 405 discrete procedure notes filed and
350 COVID test results between February 1–April 23,
2020 (Figure 2). On March 24, 2020, the total volume of
non-OR emergent intubations increased from four to eight
intubations per day and 3/8 (37.5%) would eventually
test positive for COVID-19 (Figure 3). Most patients
with a positive COVID-19 test result were intubated for
respiratory failure (96.8% vs 71.7%) when compared
to controls (Table 1). Control patients were more often
intubated for airway compromise (25.2% vs 4.1%). A
greater proportion of COVID-19 positive intubations were
Volume 22, no. 3: May 2021

Figure 2. COVID-19-positive and control cohorts generated from
procedure notes and COVID-19 test results collected from electronic
health record intubation report between February 1–April 23, 2020.

Figure 3. Count of non-operating room emergent intubations by
date and COVID-19 test results at a single institution in Boston,
MA, between February 1–April 18, 2020.

performed by CRNAs (37.4% and 11.7%, respectively),
and fewer intubations of these cases were performed by
both anesthesia and EM residents (10.5% and 15.5%,
respectively) (Table 2). Anesthesiology performed more
intubations in patients with a positive COVID-19 test result
when compared with EM (Table 2).
The majority of intubation procedures in both groups
were performed in designated ICU-level areas including OR
and post-anesthesia care unit locations rather than the ED.
(Table 3). A face mask was used more often (57.0% vs 34.6%)
than nasal cannula for pre-oxygenation in COVID-19 cases
681
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Table 1. Patient characteristics associated with COVID-19 compared with controls. Data presented as column percentages and raw number
of annotated responses. An asterisk indicates where α < 0.05.
COVID-19 positive (n = 123)

Controls (n = 283)

P-value

% Respiratory failure, (n)

96.8%, (119)

71.7%, (203)

<.0001*

% Airway compromise, (n)

4.1%, (5)

25.4%, (72)

<.0001*

0%, (0)

5.0%, (14)

0.0073*

% Grade 1, (n)

82.1%, (101)

73.5%, (208)

0.0758

% Grade 2, (n)

12.2%, (15)

18.0 %, (51)

0.1872

% Grade 3, (n)

4.9%, (6)

5.7 %, (16)

1.0

% Grade 4, (n)

0%, (0)

1.4%, (4)

0.3195

Indication

% Cardiac arrest, (n)
Cormack–Lehane grading

COVID-19, coronavirus disease 2019.
Table 2. Provider characteristics associated with COVID-19 compared with controls. An asterisk indicates where α < 0.05.
COVID-19 positive (n = 123)

Controls (n = 283)

P-value

% Anesthesiology, (n)

75.6%, (93)

61.8%, (175)

0.0086*

% Emergency Medicine, (n)

22.8%, (28)

38.1%, (108)

0.002*

1.6%, (2)

0%, (0)

-

% Anesthesiology resident, (n)

10.5%, (13)

33.9%, (96)

<.0001*

% EM resident

15.5%, (19)

33.9% (96)

<.0001*

% Anesthesiologist, (n)

27.6%, (34)

16.3%, (46)

0.0099*

% CRNA, (n)

37.4%, (46)

11.7%, (33)

<.0001*

7.3%, (9)

4.2%, (12)

0.0656

Specialty

% Pulmonary Critical Care, (n)
Provider type

% Emergency physician, (n)

% Non-emergency physician, (n)
1.6%, (2)
0%, (0)
COVID-19, coronavirus disease 2019; EM, emergency medicine; CRNA, certified registered nurse anesthetist

compared to controls. Video laryngoscopy was used more
frequently in patients who had a positive COVID-19 test result
(91.1% vs 56.8%, ρ = <.0001).
An increased rate of oxygen desaturation was observed
(20.3% vs 9.9%, ρ = 0.0061) in COVID-19 cases, but there
were no significant differences in other peri-intubation adverse
events (Table 4). However, COVID-19 intubations were
performed less frequently in the ED compared to controls
(38.2% vs 22.8%). Of note, no difference was found in the
FPS rate between COVID-19 and control intubations (89.4%
vs 89.0%, ρ = 1.0) as well as in the number of intubations
requiring either 2 or >3 attempts.
We performed subgroup analysis to characterize
trends in intubation performance (FPS), use of video
laryngoscopy, and incidence of desaturation by provider
types. First-pass success was obtained in 194/224
cases (86.7%) performed by residents compared to
168/182 (92.3%) performed by non-resident providers
(anesthesiologist, EM attending, CRNA) (Table 5). Video
Western Journal of Emergency Medicine

laryngoscopy was used most often by CRNAs (98.7%) and
least often by EPs (36.4%). A consistent trend of increased
use of video laryngoscopy in COVID-19 positive cases
was seen across all provider types except EPs (COVID-19
positive: 36.4% vs controls: 50.0%).
DISCUSSION
For a period of 30 days from March 24–April 24, 2020,
we observed a doubling in the number of emergent non-OR
intubations performed daily at our institution with a majority
attributed to COVID-19. We performed a retrospective
analysis of all airway procedure notes documented at our
hospital and have presented trends in clinical parameters
that suggest adherence with recently published guidelines
(eg, first attempt by expert laryngoscopist, preferential use
of video laryngoscopy, RSI).19,20 For our primary endpoint,
we did not find a significant difference in FPS rate between
patients with a positive COVID-19 test result and those with
either a negative test result. Of note, we found an average FPS
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Table 3. Location, selection of pharmacologic agents intubation technique associated with COVID-19 compared with controls. An asterisk
indicates where α < 0.05.
COVID-19 positive (n = 123)

Controls (n = 283)

P-value

% ICU (n)

69.1%, (85)

60.4%, (171)

0.1171

% ED (n)

22.8%, (28)

38.2%, (108)

0.0028*

% Propofol, (n)

74.5%, (91)

47.4%, (134)

<.0001*

% Fentanyl, (n)

0%, (0)

0.71%, (2)

-

% Etomidate, (n)

22.0%, (27)

34.6%, (98)

0.0138*

% Ketamine, (n)

3.3%, (4)

8.8%, (25)

0.0574

0%, (0)

0%, (0)

-

0.8%, (1)

9.5%, (27)

0.0005

1.6%, (2)

46.4%, (123)

<.0001*

% Rocuronium, (n)

98.4%, (121)

52.4%, (139)

<.0001*

% Vecuronium, (n)

0%, (0)

1.1%, (3)

-

99.2%, (122)

84.5%, (239)

<.0002*

% BVM, (n)

29.2%, (36)

38.2%, (108)

0.0913

% Facemask, (n)

57.0%, (70)

34.6%, (98)

<.0001*

% Nasal cannula (n)

12.2%, (15)

22.6%, (64)

0.014*

% Non-invasive positive pressure ventilation, (n)

1.6%, (2)

5.7%, (16)

0.1118

% Apneic oxygenation, (n)

8.1%, (10)

11.7%, (33)

0.3802

% Video laryngoscopy, (n)

91.1%, (75)

56.8%, (130)

<.0001*

% Use end-tidal CO2

22.2%, (90)

46.8%, (190)

0.2447

Location of intubation

Medication
Induction agent

% Midazolam, (n)
% No induction agent, (n)
Paralytic
% Succinylcholine, (n)

Technique
% Rapid Sequence Intubation
Preoxygenation method

Laryngoscopy and tube confirmation

COVID-19, coronavirus disease 2019; ICU, intensive care unit; ED, emergency department; BVM, bag valve mask; CO2, carbon dioxide.

rate of 89%, which is higher than our institutional baseline
of 84%. This is comparable to the FPS rate (89%) reported
in a case series in Wuhan, China. This may be explained by
a number of variables. Intubating clinicians may have been
more aware of the possibility of a difficult airway with rapidly
progressing hypoxia due to institutional meetings or widely
distributed literature and likely made changes to their practice
with the primary goal of maximizing FPS. An example is that
most clinicians began routinely using video laryngoscopy in
suspected COVID-19 cases. Although all emergent intubations
hospital-wide were subject to similar isolation procedures, the
selection of technique and induction medications were subject
to clinician preference.
The role of trainees during the pandemic was the subject
of much discussion in our institution as it was internationally.
Striking an ethical balance between potential exposure and
the need for supervised experiential learning continues to be
debated. We observed a decreased proportion of COVID-19
Volume 22, no. 3: May 2021

intubations performed by trainees and an increase in those
performed by non-trainee providers, particularly CRNAs.
This can be attributed to the reconfiguration of the anesthesia
emergency airway response team prior to March 24. The ED
intubation team remained as an attending and senior airway
resident, with attending discretion on laryngoscopist. Of note,
both EM and anesthesia attending success rates were the
lowest in their fields. This is alarming at first glance, but we
hypothesize this was largely due to the attending preferentially
performing the more difficult intubations, which included
cases in which the patients were profoundly hypoxemic and/or
morbidly obese.
A higher percentage of intubations involving COVID-19
patients were performed by anesthesia when compared to
EM. Since EM, with rare exception, performs all intubations
in the ED, this statistic suggests that a higher percentage
of COVID-19 patients deteriorated once admitted, and
subsequently required intubation. This is congruent with our
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Table 4. First-pass success, multiple attempts, and incidence of complications associated with COVID-19 compared with controls. An
asterisk indicates where α < 0.05.
COVID-19 positive (n = 123)

Controls (n = 283)

P-value

89.4%, (110)

89.0%, (252)

1.0

% 2 attempts

8.1%, (10)

10.3%, (29)

0.5853

% >3 attempts

2.4%, (3)

0.7%, (2)

0.5853

Number of Attempts
% First-pass success, (n)

Adverse events
% Dysrhythmia, (n)

2.4%, (3)

0.4%, (1)

0.0849

% Hypotension, (n)

9.0%, (11)

5.0%, (14)

0.1755

% Cardiac arrest, (n)

1.6%, (2)

1.8%, (5)

1.0

% Aspiration, (n)

0%, (0)

0.7%, (2)

1.0

20.3%, (25)

9.9%, (28)

0.0061*

% Esophageal intubation, (n)

0%, (0)

0%, (0)

-

% Laryngospasm, (n)

0%, (0)

0%, (0)

-

% Bronchial intubation, (n)

0%, (0)

0%, (0)

-

% Airway trauma, (n)

0%, (0)

0%, (0)

-

% Dental trauma, (n)

0%, (0)

0%, (0)

-

% Medication error, (n)

0%, (0)

0%, (0)

-

% Desaturation, (n)

% Equipment failure, (n)

0.8%, (1)

0.7%, (2)

1.0

% Any complication, (n)

8.1%, (10)

13.4%, (38)

0.1365

COVID-19, coronavirus disease 2019.

internal unpublished data that indicates 53% of our COVID-19
ICU admissions originated as transfers from the wards (47%
occurring directly from the ED). Although some intubations
performed by anesthesia represent repeat intubations such
as a tube changes or re-intubation after unplanned/failed
extubation, it is unknown whether the incidence of repeat
intubations could have been higher in the COVID-19 group.
These repeat intubations were not excluded in this study and
may present a different likelihood of FPS.
We found increased utilization of video laryngoscopy
in COVID-19 cases that is consistent with recent expert
recommendations.21,22 It is important to note that these
guidelines were motivated by an effort to reduce provider
infections by increasing distance between patient and operator
rather than intubation performance. There is mixed evidence
that video laryngoscopy results in decreased intubation

attempts or reduced incidence of peri-intubation hypoxia.23
We did not perform a stratified analysis of FPS rate by use of
video laryngoscopy due to our limited sample size.
The use of several preoxygenation modalities including
high-flow nasal cannula, non-invasive positive pressure
ventilation (NIPPV) and bag valve mask (BVM) were linked
to aerosolization and increased risk of nosocomial infection
during the 2003 SARS epidemic.24 Society guidelines have
recommended against positive pressure ventilation for
preoxygenation unless clinically indicated.21 We did not
observe a statistically significant decrease in the use of manual
positive pressure ventilation for preoxygenation (ie, BVM or
NIPPV). A new method of preoxygenation for patients with
suspected COVID-19 infection that was not captured in the
structured text fields of our airway note is the specific use
of a bag-mask with positive end-expiratory pressure valve

Table 5. Subgroup analysis of first-pass success rate and video laryngoscopy use by provider type and COVID-19 status.
Anesthesiologist (n=80)

EM physician (n=23)

Anesthesiology resident (n=109)

COVID-19 positive

Controls

COVID-19 positive

Controls

COVID-19 positive

Controls

% First pass success, (n)

94.1% (32)

91.3% (42)

63.6% (7)

91.6% (11)

76.9% (10)

90.9% (100)

% Video laryngoscopy, (n)

94.1% (32)

50.0% (23)

36.4% (4)

50.0% (6)

100% (13)

88.2% (97)

% Desaturation, (n)

20.6% (7)

6.5% (3)

27.3% (3)

16.7% (2)

38.5% (5)

8.3% (8)

COVID-19, coronavirus disease 2019; EM, emergency medicine.
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and viral filter to administer 100% oxygen via continuous
positive airway pressure (without “bagging” or administering
ventilation). This technique has been described by Weingart.23
Review of the free-text fields of airway notes (as well as the
authors’ experience) indicate that this preoxygenation method
was widely employed by both anesthesia and emergency
clinicians. We additionally did find a measurable decrease
in the overall use of NIPPV of 4.6%, which is considerably
lower than 70.8% reported in Wuhan, China.

24th, 2020. We found that first-pass success and complications
other than oxygen desaturation were not significantly different
between COVID-19 positive cases and controls. Future
prospective trials should investigate factors surrounding
emergency airway management including team composition
and video laryngoscopy on intubation performance.

LIMITATIONS
We attempted to compare unmatched cases by selecting
a temporal cohort during which a standardized intubation
protocol had been implemented. However, we acknowledge
the limitation of retrospective analysis as our methodology.25
Selected agents for both sedation and paralysis were also not
standardized and were subject to provider preference. This
study does not confirm whether patients with COVID-19
present specific physiologic barriers to ETI or alternative
intubation methods are more or less successful. Our study
had a limited sample size and was not adequately powered to
detect a difference in FPS less than 12.6%. Another limitation
was related to reporting of COVID-19 test results within our
electronic health record and the lag time for results. We cannot
exclude whether these patients were intubated according to
institution COVID-19 protocols (negative pressure room,
video laryngoscopy, expert laryngoscopist).
We acknowledge that this study did not involve chart
review and that no additional quality analysis was performed
to ensure complete capture of emergent intubations or
complications during the study period. The authors served
as data abstractors in our study and were not blinded to
the study hypothesis. A potential under-reporting bias was
introduced when missing complication data was assigned to
the null. However, we anticipate that this would be evenly
distributed among both COVID-positive and negative
cases. Additionally, the authors were not blinded during
data appraisal. Our study was secondarily limited in that the
definition of intubation attempt was not determined a priori,
and variation among providers is likely present. For our postintubation complication rates, reporting bias is possible with
complication documentation, as under-reporting in health
records is a known phenomenon. The assumption that this
bias is equally distributed between COVID-positive and
controls was not determined.26 A selection bias is likely also
present as trainees may be given the opportunity to perform
laryngoscopy more often in patients with less difficult
airways. Additionally, tube exchanges were not excluded from
this analysis and may have biased FPS rates.
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2019 national guidelines currently make a “strong”
recommendation for alteplase treatment for acute ischemic
stroke (AIS) in the 3 to 4.5-hour window and a “moderate”
recommendation for alteplase treatment guided by magnetic
resonance imaging (MRI) in patients with unknown time
of symptom onset.1 The 3 to 4.5-hour treatment window
recommendation is based on a single, randomized clinical trial
(RCT): the European Cooperative Acute Stroke Study (ECASS)
III.1 The recommendation for MRI-based treatment with an
unknown time of symptom onset is also based on a single
RCT: MRI-Guided Thrombolysis for Stroke with Unknown
Time of Onset (WAKE-UP).1 Recently, a meta-analysis of
RCTs for patients with an unknown time of symptom onset
using advanced neuroimaging including the WAKE-UP RCT
was published.2 This meta-analysis was composed of four
incomplete RCTs and concluded alteplase treatment results in
better functional outcome at 90 days. Careful consideration of
the methodology of these studies should be considered prior to
adapting alteplase use beyond the three-hour time window.
Methodological Limitations of “ECASS III”
In a 2014 editorial, Shy pointed out a statistical error in
ECASS III.3 The trial’s reported adjusted primary analysis did
not account for the baseline imbalance in prior stroke status.
The ECASS III authors have not addressed this statistical error
in the literature. In a recent publication, Alper et al used the
raw data to reanalyze the ECASS III data with appropriate
adjustments. In a multivariate model adjusted for both
baseline National Institutes of Health Stroke Scale (NIHSS)
scores (P = .03 between groups) and prior stroke status (P =
.003 between groups) there was a non-significant difference
between alteplase and placebo for all efficacy outcomes.4
An unplanned post-hoc reanalysis risks analytical bias
by nature. Limitations not considered in the original trial
publication, however, support Alper et al’s findings. In
the original trial, the authors reported benefit of alteplase
treatment for the primary efficacy endpoint: a modified Rankin
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scale (mRS) score of 0-1. This dichotomization of the mRS
includes functional independence with slight disability (mRS
= 2) and death (mRS = 6) in the same category. There was no
benefit with alteplase treatment, however, for an mRS score
of 0-2. There was also no difference in the secondary efficacy
endpoint, a “global outcome,” which was the primary endpoint
in the NINDS rt-PA RCT.5 These results may be explained by
the inter-rater reliability of the mRS, which is not uniformly
distributed across the scale and is lowest at an mRS of 1.6,7
Additionally, the fragility index (1) of the primary endpoint is
far less than the number of patients lost to follow-up (23).7,8
The fragility index is relevant given that the method used to
handle missing outcome data, worst case imputation, is the
method that is most prone to bias in stroke trials.9
Finally, ECASS III did not report enrollment of stroke
subtypes, which may be an overlooked source of baseline
imbalances. For example, in the NINDS rt-PA RCT, 51 patients
with small-vessel occlusive disease were randomized into the
alteplase arm compared to 30 patients in the placebo arm.5 Smallvessel occlusive disease has a significantly better natural history
than large-vessel occlusive or cardioembolic stroke subtypes.5
Although the authors reported a similar positive effect in favor of
alteplase regardless of stroke subtype, the study was not powered
to detect these subgroup effects. As shown by Alper et al, small
imbalances in a covariate that has a strong relationship with the
primary outcome can significantly change the unadjusted effect
size. Similar to the NINDS rt-PA RCT, the effect that stroke
subtype had on the analysis of ECASS III remains unknown.
These limitations of ECASS III make the conclusions from the
re-analysis by Alper et al more reliable.
Methodological Limitations of “Intravenous Alteplase for
Stroke with Unknown Time of Onset Guided by Advance
Imaging: Systematic Review and Meta-Analysis of Individual
Patient Data”
A recent meta-analysis of four incomplete RCTs has been
published suggesting that the therapeutic time window for
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alteplase may be extended further with the use of advanced
neuroimaging.2 The authors of this meta-analysis concluded
that alteplase “resulted in better functional outcome at 90
days than placebo or standard care.” Several considerations
should be made prior to accepting the authors’ conclusion.
All four individual RCTs included in the meta-analysis were
prematurely terminated. Trials that end prematurely risk both
type 1 and type 2 errors, and often have efficacy estimates
that tend to be biased toward extremes in theory and in
practice.10-12 Meta-analysis composed of underpowered RCTs
are unreliable and may be prone to additional bias if clinical
heterogeneity is not considered.13-16 In addition to threats to
internal validity, the four incomplete RCTs and meta-analysis
have substantially limited external validity due to their
inclusion and exclusion criteria.
The four incomplete RCTs enrolled patients with large
vessel occlusions (LVO) prior to the publication of multiple
RCTs that showed efficacy of mechanical thrombectomy
(MT) in patients with LVOs.17 Approximately 25% of patients
in each arm would be treated differently in current clinical
practice by virtue of MT. The authors erroneously conclude
that “results of our pooled analysis support treatment with
alteplase in patients with large vessel occlusion” without
considering that alteplase may not modify the treatment
effect of MT. In a meta-analysis of the five pivotal RCTs of
MT, there was nearly an identical stratum-specific odds ratio
(OR) for both levels of the alteplase stratum compared to the
overall treatment effect suggesting alteplase does not modify
the effect of MT.17 This subgroup-derived hypothesis was
confirmed in a recent RCT that found that primary MT is noninferior to a bridging strategy with alteplase.18 Additionally,
patients enrolled in late MT-window RCTs were recanalized
without bridging alteplase and had comparable outcomes to
earlier window trials with a bridging strategy.19-21
In addition to exclusion of the actual procedure, the
more prevalent neuroimaging modality used prior to MT,
computed tomography perfusion, was used in only one of four
incomplete RCTs included in the meta-analysis. Computed
tomography was the favored imaging modality in MT efficacy
trials.22,23 Computed tomography has advantages over MRI in
routine clinical practice including increased availability and
faster groin puncture times; and MRI may be precluded in
patients with cardiac devices or severe agitation.24
The meta-analysis also enrolled patients with minor
stroke. Trial enrollment in all four incomplete RCTs began
prior to the PRISMS RCT, which at the time it was stopped
found no signal to benefit with alteplase treatment in 12
efficacy outcomes and strong signal to excess harm.25
Considering the natural history of minor stroke, regardless of
the designation as disabling or non-disabling, there is hardly
a justification for treatment with alteplase without more
convincing data.26
Finally, one study included in the meta-analysis used
a lower dose of alteplase not routinely used in the United
Western Journal of Emergency Medicine
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States or Europe, and which was not shown to be non-inferior
to standard dosing in an RCT enrolling primarily Asian
patients.27,28 Therefore, exclusion of MT, inclusion of minor
strokes, and inclusion of a trial that used low-dose alteplase
substantially limits the external validity of the results of the
pooled analysis.
Understanding Malpractice Risk and Conclusions
Physicians caring for patients with AIS may be concerned
that interpretations of evidence that differ from national
guidelines may lead to excess malpractice risk. This is
augmented by malpractice data that suggest emergency
physicians take a greater malpractice burden compared to
neurologists, and withholding alteplase is riskier from a
malpractice perspective.29 Some misconceptions regarding
malpractice risk, however, should be elaborated on. A recent
systematic review of acute stroke malpractice found that
failure-to-treat cases are frequently merged with failure-todiagnose cases.29 The direct risk of malpractice related to
failure to treat alone without failure to diagnose may be further
confounded by physicians unilaterally withholding alteplase
without informed consent or not documenting conversations
regarding informed consent in the medical record.30 Although
AIS is not considered high risk for litigation occurrence
compared to other emergency department diagnoses,
mitigation steps such as constructive communication and
intelligent documentation are paramount.31 Ultimately,
stakeholders in acute stroke care should align such that more
multi-faceted views can be represented in national guidelines.
Enthusiasm to prevent stroke-related disability may
drive more favorable interpretations of the alteplase for
AIS literature. Accepting favorable conclusions that are
not strongly supported by their respective data should be
done so cautiously given the significant risk of intracranial
hemorrhage. Methodological pitfalls of the literature should
be carefully considered such that enthusiasm does not outpace
the evidence.
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Introduction: The intraosseous (IO) route is one of the primary means of vascular access in critically
ill and injured patients. The most common sites used are the proximal humerus, proximal tibia, and
sternum. Sternal IO placement remains an often-overlooked option in emergency and prehospital
medicine. Due to the conflicts in Afghanistan and Iraq the use of sternal IOs have increased.
Methods: The authors conducted a limited review, searching PubMed and Google Scholar databases
for “sternal IO,” “sternal intraosseous,” and “intraosseous” without specific date limitations. A total of 47
articles were included in this review.
Results: Sternal IOs are currently FDA approved for ages 12 and older. Sternal IO access offers several
anatomical, pharmacokinetic, hemodynamic, and logistical advantages over peripheral intravenous and
other IO points of access. Sternal IO use carries many of the same risks and limitations as the humeral
and tibial sites. Sternal IO gravity flow rates are sufficient for transfusing blood and resuscitation. In
addition, studies demonstrated they are safe during active CPR.
Conclusion: The sternal IO route remains underutilized in civilian settings. When considering IO vascular
access in adults or older children, medical providers should consider the sternum as the recommended
IO access, particularly if the user is a novice with IO devices, increased flow rates are required, the
patient has extremity trauma, or administration of a lipid soluble drug is anticipated. [West J Emerg Med.
2021;22(3)690–695.]

INTRODUCTION
Early vascular access is a key step in providing care for
the severely sick and injured.1 When intravenous (IV) access is
difficult, the use of intraosseous (IO) needles offers the ability
for rapid vascular access.2 Success of peripheral IV (PIV) access
varies from 34-75%, and success is less likely with additional
attempts.3 Any fluids or medications that can be administered
through an IV can also be given IO, including blood products and
IV contrast agents.2,4-6 Intraosseous access is now supported for
use in Pediatric Advanced Life Support, Advanced Cardiac Life
Support, and Advanced Trauma Life Support.1,4 As this access is
vital in emergent cases, a review of the literature is warranted to
keep apace of current trends and supports.
Building on preliminary work by Drinker et al. in 1916 and
Arnold Josefson in 1934, the IO route for vascular access came to
Western Journal of Emergency Medicine

the forefront based on the studies by Tocantins and O’Neill.3,7-11
They refined the procedure over the years with studies on human
patients, most often using the sternum, the distal femur, and the
proximal tibia.8 The military used the sternal IO route during
World War II due to the ease of use and the large volumes that
could be infused.3,8,12 However, as disposable polyvinyl chloride
IV catheters were introduced in the 1950s, IO use became
less frequent.3,13-14 Prior to the development of the disposable
polyvinyl chloride IV catheters, metal trocars were used, which
often became dislodged and caused thrombophlebitis and skin
infections.3 There were also concerns pertaining to IOs causing
osteomyelitis and marrow embolization.3 After several decades,
there was renewed interest in pediatric IO, which led to regular
use by the 1980s and later inclusion in pediatric resuscitation
guidelines in 1985.2,13,15-16
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Treatment protocols suggest IO as a primary access option in
select situations.17-18 However, it is more traditionally used as an
option for vascular access, after failed PIV attempts.8,19 There are
several reasons for the device-selection priority recommendations
listed in the guideline literature. While a PIV can be left in place
for several days, IO devices are not recommended to be left in
place for more than 24 hours.8,20-21 Additionally, IO is significantly
more expensive than PIV, approximately $80-$120 per use vs $1$2 per use for PIV.22-23 This is in contrast to US military personnel
who may use IO or PIV as first-line vascular access in combat.15
There are three primary IO sites in use today: the proximal
tibia; the proximal humerus; and the sternum.8 However, other
sites, which include the distal radius and ulna, iliac crest, and
medial malleolus, may be used.24 There are multiple IO devices
on the market today, but the most popular in the literature are the
EZ-IO for the proximal tibia and proximal humerus (Teleflex,
Inc, Wayne, PA) and the First Access for Shock and Trauma
(FAST1) devices for the sternum (Teleflex, Inc, Wayne, PA).2,4,8,25
In the early 2000s with the development of the FAST1 and
conflicts in Afghanistan and Iraq, the sternum became a popular
location for military IO device placement.15,22,26-27 It has since
become more widespread in the civilian setting as well.28-29
METHODS
We searched PubMed and Google Scholar for articles using a
combination of the keywords “sternal IO,” “sternal intraosseous,”
and “intraosseous” without specific date limitations. We evaluated
case reports and series, retrospective and prospective studies,
systematic reviews and meta-analyses, and other narrative
reviews. We also reviewed guidelines and supporting citations of
included articles. The literature search was restricted to studies
published in English. When available, systematic reviews and
meta-analyses were preferentially selected. These were followed
sequentially by randomized controlled trials, prospective studies,
retrospective studies, case reports, and other narrative reviews
when alternate data were not available. A total of 47 articles were
selected for inclusion in this narrative review.
DISCUSSION
As with other IO devices in civilian settings, the sternal
IO is indicated when vascular access is necessary, but PIV has
failed or is not readily accessible.19 Historically, the use of sternal
IO in young children has been associated with higher rates of
anatomy-related complications such as increased risk of damage
to retrosternal structures and low flow due to small marrow
reservoir.3,30 Currently, sternal IOs are only US Food and Drug
Administration-approved for patients aged 12 years and older.32
Anatomy
Intraosseous access makes use of several characteristics
of mammalian bones. First, their medullary cavities are noncollapsible as a result of both bone hardness as well as spicule
formation. Therefore, they are readily accessible, even in
profound hemorrhagic or hypovolemic shock. Furthermore, the
Volume 22, no. 3: May 2021

bone marrow of the medullary spaces is directly connected to
the central venous system via the medullary venous channels.2
In the manubrium, blood flows from the marrow space into
the internal thoracic vein, which drains to the subclavian vein
and central vasculature. This stands in contrast to the humeral
and tibial routes, which are farther from the central venous
system and less direct.9 The most common access point for
sternal IO devices is the manubrium.3 An additional advantage
of the sternum, since the marrow cavities of the sternal body
and the manubrium seldom communicate, is that both can be
cannulated simultaneously.3
Pharmacokinetics
The pharmacokinetics of sternal IO devices have been
shown to be equivalent or superior to extremity IOs and PIVs.
Using a swine model of traumatic cardiac arrest, Burgert et
al. concluded that the pharmacokinetics of epinephrine for
humeral IOs and sternal IOs were statistically equivalent to
PIV.19 In the same study, maximum epinephrine concentration
– C(max) – and time to maximum epinephrine concentration
– T(max) – were significantly longer in the tibial IO group
as compared to the sternal IO, humeral IO, and PIV groups.
Hoskins et al. had similar findings in a cardiac arrest with
ongoing cardiopulmonary resuscitation (CPR) swine model.33
Using dye tracers, co-administered with and used as a surrogate
for, epinephrine, C(max) was reached faster in sternal IO
vs. tibial IO.33 Additionally, they found that the total dose
delivered for tibial IO was only 65% of that delivered via
sternal IO. When comparing sternal IO vs the central venous
(CV) route, sternal IO delivered 85% of the CV-delivered dose.
Overall pharmacokinetics were equivalent when comparing
sternal IO vs. central venous administration. Vasopressin has
also been found to be equivalent when comparing sternal
to PIV administration in terms of C(max), T(max), and
mean concentration over time.34 Burger et al. found that for
amiodarone, a lipid soluble medication, C(max) was slowest
for tibial IO and equivalent for both sternal IO and PIV.35 The
authors hypothesized that the lipid-rich marrow in the tibial
site resulted in an amiodarone depot, delaying release to the
peripheral circulation.
Hemodynamics
Two similar studies evaluated hemodynamics after
hemorrhage and administration of Hextend through a sternal IO
compared to an PIV and/or a humeral IO.36-37 The models were
bled 30% of their total blood volume36 and 30% total blood
volume based on 70 kilograms human,37 and then administered
500 milliliters (mL) of Hextend under pressure. The common
hemodynamics measured included heart rate, systolic blood
pressure, diastolic blood pressure, mean arterial pressure, stroke
volume, and cardiac output. Between the devices being evaluated,
there were no significant differences among the hemodynamic
variables measured. Additionally, the time required to administer
the Hextend was not significantly different between the groups.
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Flow Rates
Using fixed and unfixed cadavers, Hammer et al. found
higher flow rates and larger flow volumes in sternal IO compared
to humeral IO and tibial IO infusions, both under pressure and
unpressurized.38 Interestingly, flow rates decreased at both the
sternal and tibial IO sites after five minutes while flow rates
increased at the humeral sites. In a different cadaver study that
measured rates and volumes infused during a five-minute 0.9%
sodium chloride bolus, there were again greater flow rates and
flow volumes with sternal IO vs humeral IO or tibial IO devices.39
Additionally, flow was good (fast drip without pressure bag) or
very good (continuous flow without pressure bag) in nearly 90%
of the sternal IOs. In a 2019 human field study, 31.5% of EZ-IOs
demonstrated poor flow (requiring pressurized infusion), whereas
none of the FASTResponder lines had poor flow.28 Using human
volunteers, unpressurized infusion, and two different sternal IO
devices, Bjerkvig et al. were able to deliver 450 mL of whole
blood in approximately 11 minutes.4
Ease of Use
Many medical providers find IOs easy to use. In a small
study, 10 experienced paramedics evaluating a new sternal IO
system (FAST1) found sternal IO placement to be easier than
PIV.27 Time from package opening to fluid flowing through the
device averaged just over 90 seconds, and device placement
by these novel users was reported as excellent. Another study
reported a 95% (18/19) first-time success rate for sternal IO
placement among novice sternal IO device users (secondand fourth-year medical students); this was better than
their rate for tibial IO and humeral IO devices, which they
also had never used before: 91% (20/22) and 77% (17/22),
respectively.38 Elsewhere, a study found sternal IO placement
was achieved with 100% success by the second attempt with a
median insertion time for the FASTResponder of 20 seconds.28
In cardiac arrest patients, FAST1 deployment by
paramedics had a 73% success rate and an average time to
placement of 67 seconds.29 Another study that compared
time to fluid administration among different IO sites found
no statistically significant differences between humeral IO,
sternal IO, or IV groups.36 Similarly, Hammer et al. found no
difference in insertion time between the humeral IO, sternal
IO, and tibial IO groups in their study.38
When comparing two long bone IO devices, the Bone
Injection Gun (PerSys Medical, Houston, TX) and the
Jamshidi (Cardinal Health, Dublin, OH) to the FAST1, the
long bone devices were equivalent to the FAST1 with respect
to success rate, user satisfaction, and complication rates.
However, the Jamshadi had a faster mean insertion time than
the FAST1 (38 vs 62 seconds, P = 0.002).40 In contrast to the
studies above reporting excellent success rates for novice
sternal IO device users, a study evaluating 29 emergency
medical technician-basic students noted a first-attempt
successful placement of only 55.2%; this was despite high
rates of correct site identification (96.6%) and a median time
Western Journal of Emergency Medicine

to needle deployment of under 30 seconds.41
Pain
The literature comparing pain associated with sternal IO
compared to PIV or peripheral IO is sparse. Preliminary work
has been done by Montez et al. evaluating the use of lidocaine to
mitigate the discomfort during sternal IO and proximal humerus
IO infusions.42 The primary endpoints of the study were pain
scores at five minutes using 300 millimeters mercury (mm Hg)
to pressure infuse, then again after 15 and 30 minutes of infusion
at 125 mL/hour. The published data do not evaluate the sternal
IO and humeral IO groups against each other. However, useful
analysis can be made by the reader: the difference between the
pain scores recorded for the 40-milligram (mg) lidocaine dose,
3.4/10 at the sternal IO site and 3.5/10 at the humeral IO site,
are clearly not clinically significant. In the 60 mg lidocaine
dose groups, the pain scores were 1.5/10 (sternal) and 2.2/10
(humeral), similarly displaying no clinical significance in the
difference noted. Additional work is needed to more fully
characterize the pain experienced during placement of and
infusion with sternal IO compared to peripheral IO and PIV.
Return of Spontaneous Circulation (ROSC)
With regard to ROSC, sternal IO-administered fluids/
medications appear to be at least as effective as PIV and other
IO routes. In a 2019 swine model of traumatic (hemorrhagic)
cardiac arrest, in which epinephrine followed by 500 mL of 5%
albumin was administered, no difference in ROSC was noted
between tibial IO, humeral IO, sternal IO, and PIV groups.19 An
earlier hemorrhagic cardiac arrest model similarly found that
ROSC timelines, results, and outcomes were equivalent when
comparing sternal IO and PIV groups.43 However, an additional
cardiac arrest model (ventricular fibrillation, no hemorrhage/
exsanguination) found that ROSC occurred faster with sternal IO
and PIV-administered medications (vasopressin, amiodarone, and
epinephrine) as compared to tibial IO-administered medications.44
Advantages of the Sternal Intraosseous Route
As noted above, flow rates have been shown to be greater
in sternal IO vs other IO routes. While this may seem counter
to Poiseuille’s Law (Q=(πPr4)/8ηl) due to the dimensions of the
FAST1 and EZ-IO catheters, bone characteristics play a role as
well. The sternum is a large, flat bone with a high amount of red
marrow.26 It also has a cortex that is thinner and more uniform
and is less likely to be fractured as compared to the bones of
the arms or legs.26 Furthermore, because the sternum is a non
weight-bearing bone, its density is predicted to be 25% less than
the proximal humerus.5 Therefore, lower infusion pressures are
required and flow rates are higher with a sternal as compared to a
humeral route. As an additional anatomic advantage, the sternum
can be identified in every shape and size person, to include the
morbidly obese.3
There are advantages to the sternal IO route when compared
to PIV routes. Findlay et al. noted that its central location as
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well as its readily identifiable placement site serve to reduce
clutter as well as the chance of line entanglement and accidental
dislodgement—a concern for both PIV and humeral IO/tibial IO
sites.27 Additionally, the insertion site has minimal overlaying
tissue except for in extreme obesity, again making identification
straightforward.35 Sternal IO devices also have more direct access
to central circulation via the venous drainage of the manubrium,
as Burgert et al. noted, and may actually benefit from “the
hydraulic action of chest compressions” in cases of cardiac
arrest.33,35 Finally, FAST1 IO devices do not require selection of
different needle sizes and rely on deployment of a single needle
size to the correct depth.32 This reduces the possibility for error
and increases cognitive offloading of needle selection based on
patient size during stressful patient care scenarios.

study, Hoskins et al. recommended that sternal IO be used
preferentially for drug delivery over other IO sites when PIV
has not been established.33 Several recent human field studies
have been conducted looking at the use of sternal IO.15,26,28-29,40
While only Hartholt et al. specifically mention ongoing CPR, it
may be reasonably assumed that CPR was ongoing in at least
some of the other patients studied as well. There is no note in
any of these papers regarding the sternal IO device interfering
with the ability to appropriately perform chest compressions for
CPR. Additionally, there are no reports in the literature of sternal
IO devices interfering with chest compressions. Further study
looking specifically at chest compressions with concurrent sternal
IO in place is needed to more conclusively comment on the
relationship between the two, but the lack of negative reports in
the literature thus far is promising.

Risks and Limitations
Contraindications
Contraindications for sternal IO use are similar to other IO
sites and include fracture at the insertion site, IO attempt at the
same location in the previous 48 hours, hardware in the vicinity
of the anticipated IO placement site, compartment syndrome,
significant bone disease at the insertion site, and local infection/
osteomyelitis history.2,8 The only added contraindication for
sternal IO is a history of sternotomy, due to the potential for
decreased blood flow and impaired structural integrity in the area
after this procedure.8
Risks
Risks of IO use in general are few, and serious complications
are rarely experienced.22 These include infection (including
osteomyelitis and mediastinitis), compartment syndrome,
fractures, drug/fluid extravasation, skin necrosis, arterial
thrombosis, air/fat embolism, perforation of the opposing cortex,
and retained foreign body.8,22 Epiphyseal plate damage can occur
from humeral IO and tibial IO, but not sternal IO.8 Potential
minor complications include pain, difficulty aspirating marrow,
device displacement, and slow or stopped infusion.9,20 As the
manubrium bone is fairly thick at approximately 13.30 mm, the
risk of excessive penetration is less than 0.0001%.31
Myths Explained
There are myths and falsehoods associated with sternal
IOs and IOs in general. Some believe that IO flow rates are
insufficient for mass transfusion in hemorrhaging patients.
However, Bjerkvig et al. found gravity flow rates in two different
sternal IO devices to be sufficient for resuscitation in human
volunteers.4 In their retrospective study of over 1000 IO device
deployments, Lewis and Wright noted packed red blood cells
transfused successfully nearly 2000 times with no clinical or lab
evidence of hemolysis.22
Another concern is that sternal IO will interfere with ongoing
CPR.28 Multiple successful swine studies have been conducted
with active CPR and concurrent sternal IO fluid administration
without issue.19,33-35,44 Based on the findings of their swine
Volume 22, no. 3: May 2021

Limitations
As noted above, the FAST devices are only approved for
use in patients aged 12 years and older.31 There is also some
question of device and operator failure rates. Byars noted that
7/41 attempted FAST1 insertions failed because the needle did
not deploy as intended. Additionally, two other attempts were
abandoned due to extravasation after placement.29 However, this
was several years ago and it is unclear whether failure was due
to operator error or design flaw or whether the manufacturer
has since addressed the problem. Another study noted that
stylets in 3 of 22 FASTResponder devices failed to completely
withdraw into the protective cover, creating a needlestick risk.45
Additionally, the FAST devices are designed only for sternal
use, while the EZ-IO devices can be used in either the humerus
or tibia.
Obesity and its associated comorbidities and care
complications are ubiquitous in nearly every setting served
by medical providers. These challenges become particularly
apparent when this population is critically ill and can make
vascular access extremely difficult. While there tends to be less
tissue overlying the sternum than other potential IO access sites,
in the extremely obese, sternal IO access may be compromised
as well.26,46 This issue can be mitigated to some degree with
peripheral IO devices having multiple needle sizes available,
but still presents a challenge. Unfortunately, this feature is
not available for the FAST devices, a shortcoming that may
preclude their use in patients with excessive parasternal tissue.
Although any drug or fluid that can be given via PIV can also
be given IO, there is a paucity of data regarding IV contrast given
by the IO route. The existing studies report successful IO contrast
administration by hand as well as power injection, resulting in
high-quality images; however, these studies either exclusively
looked at peripheral IO sites/devices or did not specify the
type of device used.47-52 Further investigation into sternal IO
administration of contrast agents is warranted. Finally, a 2015
cadaver study by Hammer et al. demonstrated a wide variation
in flow rates, a finding that has not been replicated/verified in
human field studies or live human model studies.38
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CONCLUSION
The sternum offers an easily accessible route for IO delivery
of fluids and medications with high rates of successful placement,
even among novices, according to most studies.27,38 Once the
needle has been deployed and the device secured, sternal IO may
provide reduced risk for line entanglement as compared to PIV
and other IO sites, and there is mounting evidence for superior
flow rates with sternal IO.27-28,38-39 When considering IO vascular
access in adults or older children, medical providers should
consider the sternum as the recommended IO access, particularly
if the user is a novice with IO devices, increased flow rates are
required, the patient has extremity trauma, or administration of a
lipid soluble drug is anticipated.
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Introduction: Burnout is a major threat to patient care quality and physician career longevity
in emergency medicine. We sought to develop and implement a quality improvement process
to engage emergency department (ED) faculty in identifying sources of burnout and generating
interventions targeted at improving the work environment.
Methods: In this prospective interventional study conducted at a large, urban, academic medical
center, we surveyed a 60-person faculty group using the Professional Fulfilment Index (PFI), as
well as burnout-relevant questions from the American Medical Association’s Mini-Z survey and the
Maslach-Leiter framework for organizational burnout, in order to identify organizational sources of
burnout. We assessed the relationship between burnout scores and responses to the Maslach-Leiter
framework using univariate regression analysis. In a two-hour facilitated session, we shared survey
results and led the group in a process using the six Maslach-Leiter domains to develop a rankordered list of interventions to reduce burnout in each domain.
Results: In total, 47 of 60 faculty (78.3%) completed the survey and 45 faculty (75%) attended the
discussion session. Of the 47 survey respondents, 14 (30%) met criteria for moderate to severe
burnout. The respondents’ answers to the Maslach-Leiter organizational burnout domain questions
were significantly correlated with their burnout scores (P <0.001). Session attendees generated 31
potential interventions for process improvement, which were analyzed and thematically organized.
Common intervention themes included reducing documentation burden, receiving more positive
feedback on patient care, improving ease of obtaining consults, decreasing ED crowding, and
increasing intrafaculty social connection. Interventions were subsequently reviewed and scored based
on relative importance and feasibility to create a departmental action plan for process improvement.
Conclusion: Using the Maslach-Leiter organizational burnout framework, in conjunction with a
facilitated solution-oriented faculty discussion, led to the creation of a departmental agenda focused
on organizational solutions for augmenting professional fulfillment and reducing burnout. We
propose that this process can be used by healthcare organizations to engage physicians and others
in efforts to improve their work experiences, which in turn is likely also to support the provision of
higher quality of care. [West J Emerg Med. 2021;22(3)696–701.]

INTRODUCTION
Physician burnout is particularly common in emergency
medicine (EM), with deleterious effects on both career
longevity and patient care quality.1-3 The majority of burnout
Western Journal of Emergency Medicine

research across medicine has focused on solutions that require
individual action, such as mindfulness training, yoga, and
personal reflection.4 While studies suggest that approaches
focused on individuals can be moderately helpful for
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alleviating burnout,5,6 other work, both in medicine and across
industries, has found that the majority of burnout is potentiated
by organizational factors rather than individual ones.7,8
Multiple studies in medicine have now demonstrated that an
organizational approach to mitigating burnout can be effective.9
However, an optimal process for diagnosing and addressing
organizational causes of burnout has not yet been established.
In decades-long work across many industries, Christina
Maslach and Michael Leiter identified six organizational
domains intimately related to workforce burnout.7 These six
domains are as follows: workload; reward; control; fairness;
community; and value congruence. They also found that these
same domains – when optimized – could foster engagement,
the antithesis of burnout. This six-domain framework has
recently been applied specifically to EM, producing an array
of potential interventions for promoting engagement over
burnout in emergency physicians (EP).10 Maslach and Leiter’s
work also suggests that engaging workers in the organizational
improvement process can itself help to alleviate burnout
by 1) identifying the right target issues affecting staff most
frequently, and 2) empowering individuals to change their work
environment in ways that improve the experience of work.
We sought to create an approach for engaging our
own EM faculty in such a process to identify areas for
departmental improvement. We employed the MaslachLeiter framework to organize a facilitated, solution-oriented
discussion incorporating departmental measures of burnout
and professional fulfillment to elicit ideas from the group on
how to improve the department across the six organizational
domains. We describe a process using survey data combined
with a two-hour faculty discussion session to frame burnout
from an organizational perspective with the goal of developing
interventions to address sources of burnout by creating a
comprehensive departmental process-improvement plan.

measure the influence of specific workplace issues known
or suspected to be related to negative experiences at work
(eg, documentation burden) not explicitly assessed by the
PFI. Last, we asked respondents to rate how the department
was performing in each of the six Maslach-Leiter domains
of organizational burnout (Table 1), using questions that
we developed. The survey also contained an open-response
section in which participants could identify issues they found
to be the most frustrating aspects of their work experience.

METHODS
Study Design and Setting
We conducted this prospective interventional study
at a large, urban, academic medical center with a Level I
trauma center and STEMI center designations. We surveyed
a 60-person faculty group of board-certified/board-eligible
EPs. This project was deemed quality improvement by
our organization and exempted from formal review by our
institutional review board.

Survey Analysis
We calculated an overall burnout score, as well as
individual PFI scores for depersonalization, emotional
exhaustion, and professional fulfillment, for each participant
based on the criteria developed and validated for the PFI.11
The relationship of burnout scores to responses to each of the
six Maslach-Leiter domain questions was calculated using
univariate regression analysis for each individual question,
using an alpha error threshold of 0.05 for statistical significance.
We analyzed the open responses for recurring themes.

Survey Creation and Distribution
We used the full, validated 16-item Professional
Fulfillment Index (PFI) to measure individuals’ burnout
and sense of fulfillment from their clinical work.11
Response options consisted of a five-point Likert scale,
and questions were grouped to form three PFI scales:
professional fulfillment; work exhaustion; and interpersonal
disengagement. In addition, we added specific questions
from the American Medical Association Mini-Z survey12 to
Volume 22, no. 3: May 2021

Table 1. The assessment statements developed for each of the
six Maslach-Leiter domains. Faculty were asked to rate each
of these statements on a 5-point Likert scale, from 1 = strongly
disagree to 5 = strongly agree.
Maslach-Leiter domain statements
(rated 1-5 from strongly disagree to strongly agree)
1. My workload in this job is manageable.
2. The rewards I derive from my work are commensurate with
my effort.
3. I have sufficient autonomy and control in my work.
4. Our workplace is fair and transparent.
5. We have a strong sense of community in our department.
6. Our workplace allows us to fulfill the values endorsed by
our department.

The survey was distributed through Qualtrics (Qualtrics
XM, Provo, UT) to each faculty member two weeks prior to
the discussion session. To encourage participation, we informed
participants that the data from the survey would inform the
discussion session. Three reminder emails were sent after the
initial survey distribution.

The Discussion Session
Prior to the beginning of the discussion session, we
distributed one-page sheets with the six Maslach-Leiter
domains listed, along with pens, to be used for note-taking
later in the session. (See below.) The session was divided into
five phases (Table 2).
In phase 1, we reviewed the previous departmental
initiatives undertaken since the last retreat session two years
697
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Table 2. Phases of the two-hour facilitated discussion session on
burnout, organized by activity.
Phase 1: Review of prior departmental efforts and presentation
of overall burnout data.
Phase 2: Introduction of Maslach-Leiter framework and
presentation of data regarding departmental performance in
each domain, with examples and illustrative quotes.
Phase 3: Individual idea generation for solutions in each of the
six domains.
Phase 4: Small group discussion of most important clinical and
non-clinical interventions.
Phase 5: Small group report-out of intervention ideas, with
generation of a final list of improvements, followed by group
discussion regarding prioritization.

prior addressing burnout, including creation of a minisabbatical for long-tenured faculty, sharing of positive clinical
feedback, additional ED coverage for surge times of day,
addition of a lactation room, and individualizing schedule
preferences. We presented overall rates of burnout, as well
as de-identified scores in the three PFI subcategories. In
phase 2, we introduced the Maslach-Leiter framework and
then presented the departmental ratings in each of the six
Maslach-Leiter domains. For each domain, we presented the
overall score, highlighted prior efforts for improvement in the
domain, and reviewed select de-identified comments from the
survey relating to each domain. The goal of this phase was to
create a foundation for solution-oriented discussion.
For phase 3, we asked individuals to use the note-taking
sheets to write down ideas for process improvement in each of
the six domains that could build upon previous improvements
or address new unmet needs. Phases 1, 2, and 3 took
approximately 45 minutes in total.
In phase 4, individuals shared their ideas with a small
group (randomly selected groups of 5-6 faculty based on
seating location) with the goal of generating 1-2 departmental
interventions that would be most desirable to improve clinical
work and academic productivity. Groups were asked to come
to a consensus on their most important improvements for
both clinical and non-clinical work. During phase 5, each
group reported out on their choices of most important clinical
and non-clinical improvements to the general audience. A
master list was generated from this report-out, prioritized by
number of mentions across the groups followed by consensus
agreement. At the conclusion of the session, the one-page
sheets with individual ideas for improvements in each domain
were also collected for further review to ensure that all ideas
were captured.
After the Session
We analyzed the individual worksheets for content and
overlapping ideas and themes. The worksheets provided a
Western Journal of Emergency Medicine
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very rich data set for identifying opportunities for promoting
engagement and fulfillment not included in the consensusgenerated list from the report-out. The first author (JB) then
reviewed the free-text comments and generated a collection
of themes using modified grounded theory. The senior
author (JKT) then used the theme structure identified by the
first author to review the free-text comments, and no new
themes were identified. Agreement on themes, as well as
frequency counts of themes, was reached by both authors. The
intervention themes were then rank-ordered in priority based
on these frequency counts.
The prioritized list of interventions from both the
report-out consensus and the individual worksheet dataset
was presented to departmental leadership to assess the
feasibility of implementation. A feasibility-importance
chart was created, with feasibility based on cost and current
operational constraints on one axis, and importance as
determined by frequency of mention by faculty on the other
axis. Items that were below average in both feasibility and
importance were removed from the list. All other ideas
remained in consideration, with highest priority given to
items that ranked above average in both importance and
feasibility. The items were then organized into a wellness
agenda for the coming year.
RESULTS
Faculty Participation
Of the 60 faculty members, 47 (78%) completed the
survey and 45 attended the retreat session.
Overall and Scale-specific Burnout
Among 47 faculty survey respondents, 14 (30%) met
criteria for burnout, 22 (46%) met criteria for emotional
exhaustion, and 14 (30%) met criteria for depersonalization. A
total of 27 (57%) met criteria for low professional fulfillment.
Relationship of Burnout Scores to Maslach-Leiter Domains
Participants’ ratings of our department in the six MaslachLeiter domains were highly associated with their burnout
scores. Ratings of the department in five of the six individual
domains were significantly associated with burnout score
(Table 3). Individuals’ aggregate ratings of the six domains
were also significantly associated with their burnout scores.
Burnout Intervention Ideas
A total of 31 distinct ideas for interventions to mitigate
burnout and improve faculty engagement were generated by
participants during the group session. These were qualitatively
analyzed (JB and JKT) by domain and organized into the 15
most commonly cited interventions (Table 4).
DISCUSSION
Burnout is a commonly recognized issue in clinical
practice across all medical specialties but is particularly
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Table 3. Association of Maslach-Leiter categories with burnout
scores, using univariate regression. Negative coefficients reflect that
higher (better) scores in a given domain were associated with lower
burnout (N = 47).
Maslach-Leiter domain
Coefficient
P-value
Workload

-0.37

Reward

-0.27

0.005

Control

-0.48

<0.001

Fairness

-0.22

0.048

0.03

0.84

Value congruence

-0.31

0.004

Average of all categories

-0.6

<0.001

Community

Table 4. Most commonly mentioned interventions identified
by faculty for reducing burnout, organized by Maslach-Leiter
category, with total number of times mentioned in parentheses.
Category

<0.001

Workload

Recommendations most commonly cited by
faculty (# of times cited)
•
•
•

Reward

•
•
•

Control

prevalent in EM. We sought to understand the relationship
between physician burnout and the six organizational domains
identified by Maslach and Leiter within an EM context. We
then aimed to use these domains as a framework to drive
a solution-oriented process to identify distinct targets for
improving the experience of work and professional fulfillment
in our emergency department, with the specific goal of
reducing burnout.
Prior research suggests that actively engaging physicians
in the process of organizational improvement is important
for achieving reductions in burnout.13 In particular,
improving quality in areas of concern specifically identified
by physicians has been shown to decrease burnout.14 Our
process demonstrates an easily implementable method for
beginning this type of engagement, as three-quarters of our
EM faculty participated in a pre-session survey followed by
a faculty retreat to generate potential department-specific
strategies to address sources of burnout in clinical and
academic work. The process we designed was cliniciancentered, with groups building on individual ideas to develop
consensus around potential interventions. These intervention
ideas were then shared with and assessed by departmental
leadership, resulting in an agenda for change that would be
both feasible and impactful.
The Maslach-Leiter domains provided a framework
for organizing the discussion of burnout interventions with
concrete categories both for assessing our physicians’ work
experience and developing solutions for improving that
experience. It is worth noting that nearly all of the intervention
ideas generated focused on improving the experience of work,
rather than adding extra resources for life outside of work (eg,
funding gym memberships or grocery services). This finding
aligns with prior research suggesting that while still relatively
rare in the medical literature, burnout interventions focused
on organizational change tend to be more effective than those
aimed at individual mental health.15 Other studies have shown
that allowing physicians to spend more time on meaningful
work activities can decrease burnout and that environments
4
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•
•

Fairness

•
•

Reduce documentation burden (21)
Increase administrative support for
research activities (13)
Augment staffing when volumes are too
high (10)
Increase positive patient stories and
positive feedback (12)
Increase public recognition of
excellence by faculty (6)
Provide compensation for more
activities not currently compensated (6)
Improve ease and speed of consults
and admissions (20)
Create a method for providing feedback
to other departments (5)
Improve ability to customize schedule
and work fewer night shifts (7)
Improve compensation and recognition
for valued non-clinical work (6)

Community

•
•

Increase frequency of social events (15)
Create centralized office locations to
promote socializing (7)

Value congruence

•

Provide less patient care in hallways
and chairs (10)
Reduce boarding and emergency
department crowding (8)
Alleviate burnout of other role groups in
the emergency department (8)

•
•

which promote patient satisfaction and better patient
outcomes also lead to less physician burnout.16,17 Most of the
interventions identified by our faculty were focused on ways
of improving the efficiency of patient care and increasing
research productivity, reinforcing the idea that making it easier
for physicians to perform their jobs effectively can improve
fulfillment and potentially reduce burnout.
Faculty ratings of the department within the six
Maslach-Leiter domains were associated significantly with
their burnout scores, suggesting that their experiences in
these domains were related to burnout, as the framework’s
underlying theory would predict. Of course, it is also possible
that the causal direction was reversed – faculty experiencing
burnout may have been more likely to rate departmental
domains lower because of their exhaustion, depersonalization,
and lack of personal accomplishment. Our process was not
designed to assess for causality, but this would be a relevant
question for future study. It is also unclear why “community”
scores were not associated with burnout, although it may be
because there was less variance in response to this question
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than any of the others; scores on this measure were uniformly
high, potentially creating a ceiling effect.
Previous studies have suggested that effective
organizational leadership decreases burnout and that
practice environments identified as both “patient-friendly”
and “physician-friendly” have lower burnout rates.18,19 Our
process provided a way for department leaders to engage
staff in identifying areas of focus for promoting better
experiences and outcomes for patients. Importantly, the
resulting interventions derived from the process were often
“win-win,” ie, solutions were not only relevant to addressing
faculty burnout but were also tightly linked to improvements
in operational efficiency and care quality. We suspect other
departments too will find that areas identified by staff
as important for preventing burnout may also highlight
opportunities for process improvement.
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Introduction: Workplace violence in the emergency department (ED) is a serious threat to staff
and is likely to go unreported. We sought to identify the incidence of violence among staff at our
academic ED over a six-month period.
Methods: An anonymous survey was sent to all ED staff, asking whether respondents had
experienced verbal abuse or physical assault over the prior six months and whether they had
reported it. Those working in the department <6 months were excluded from analysis. We used chisquared comparison to analyze the results.
Results: We analyzed 242 responses. Overall, 208 (86%) respondents indicated being verbally
abused in the preceding six months, and 90 (37%) indicated being physically assaulted. Security
officers had the highest incidence of verbal abuse (98%), followed by nursing (95%), patient care
assistants (PCA) (90%) and clinicians (90%), phlebotomists (75%), care team assistants (73%),
registration staff (50%) and electrocardiogram (ECG)/radiology technicians (50%). Security also had
the highest incidence of physical assault (73%), followed by nursing (49%), PCAs (30%), clinicians
(24%), phlebotomists (17%), and ECG/radiology technicians (13%). A total of 140 (69%) non-security
personnel indicated that they never report incidents of violence.
Conclusion: Our results indicate that violence in the ED affects more than just nurses and doctors.
As health systems seek to improve the safety of their employees in violence-prone areas, it is
imperative that they direct initiatives to the entire healthcare team as no one group is immune. [West
J Emerg Med. 2021;22(3)702-709.]

INTRODUCTION
Background
Workplace violence in healthcare is a serious threat to
staff. Between 2011–2013, the number of workplace assaults
averaged approximately 24,000 annually, with nearly 75%
occurring in healthcare settings. Data from the Bureau of Labor
Statistics show that incidents of serious workplace violence
were four times more common among healthcare workers than
those in private industry.1 Emergency departments (ED) and
psychiatric hospitals are two areas in healthcare where violence
is most commonly reported.

Western Journal of Emergency Medicine

Importance
There is a concerning rise in ED violence, with one in five
ED directors reporting guns or knives brought into the ED on
a daily or weekly basis.2 Violence against healthcare workers
continues to make the news, and hospital-based shootings
nearly doubled between 2000–2011.3 Among ED nurses, prior
research has shown an annual incidence of verbal and physical
abuse ranging from 39-98% and 13-67%, respectively.4,5
Among emergency physicians, the incidence has ranged from
75%-96% and 51%-78%, respectively.1,4,5 However, this likely
represents under-reported data as only 30% of nurses and 26% of
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physicians go on to report incidents of violence.6 According to a
2018 poll from the American College of Emergency Physicians,
nearly 70% of respondents believed that violence in the ED has
increased during the previous five years and nearly 80% felt that
patient care was affected as a result.7

Population Health Research Capsule
What do we already know about this issue?
Serious workplace violence incidents are five
times more common in healthcare than other
industries, and events are often not reported.

Goals of This Intervention
Exposure to workplace violence impacts the entire team;
however, there is a paucity of research evaluating the incidence of
violence experienced by the ED multidisciplinary care team and
how it compares to institutional reporting. We sought to survey
all staff at our academic ED to identify the incidence of verbal
abuse and physical assault over a six-month period and compare
responses to documented incident reports from the same time
period to evaluate for under-reporting of violence. We also sought
to obtain baseline characteristics of respondents to evaluate for
risk factors for violence or under-reporting. We hypothesized
that nearly all members of the ED multidisciplinary care team
have been exposed to verbal abuse over a six-month time period,
with many of these incidents going under-reported, and that a
significant percentage of staff have also experienced physical
assault during the same time frame.
METHODS
Study Design and Setting
This descriptive prospective study took place between
April–May 2020 within the ED of a large, academic, Level 1
trauma center in a small urban city in the Midwest. The ED sees
an average of 78,000 patients annually and has 24/7 security
presence available.
Selection of Participants
The target population consisted of all ED staff, including
clinicians (attending and resident physicians, and advanced
practice providers [APP]), nursing, care team assistants (CTA)
who provide clerical support and limited patient interaction,
patient care assistants (PCA), electrocardiogram (ECG) and
radiology technicians, phlebotomists, registration staff, and
security officers who worked in the ED at least six months prior
to taking the survey. After review by the institutional review
board (IRB), the survey (described below) was emailed to all
distribution lists for the abovementioned target population
with a cover letter describing the study purpose, directions for
participation, and information regarding informed consent. The
questionnaire included a statement of informed consent at the
beginning, and completion indicated participant consent for
inclusion in the study. Two reminder notices were sent two weeks
apart through the same method. The IRB reviewed this study and
materials and deemed it exempt from approval requirement.
Measurements
We developed an anonymous REDCap survey (Research
Electronic Data Capture, Vanderbilt University, Nashville, TN)8
that included both multiple-choice and Likert-scale response
Volume 22, no. 3: May 2021

What was the research question?
What is the incidence of workplace violence
in the emergency department, risk factors, and
why is it under-reported?
What was the major finding of the study?
Most staff, including support disciplines,
experienced violence and most incidents went
unreported.
How does this improve population health?
As health systems seek to improve the safety
of their employees, they must direct initiatives
to the entire healthcare team since no group is
immune.

questions. This survey was distributed broadly by department and
job type to anyone who might work in the ED, even occasionally.
Respondents were asked to self-select for if they had done
any work in an ED in the preceding six months. Participants
were asked to indicate whether they had experienced any of
the following forms of verbal abuse in the prior six months
(October/November 2019–April/May 2020) while working in
the ED: threatening tone of voice; abusive language/statement;
harassment (eg, racial, gender, sexual); or personal verbal threats
(eg, threat of physical or sexual violence, threat of physical
assault to occur outside the workplace). Participants were asked
to indicate whether they had experienced any of the following
forms of physical assault in the prior six months while working
in the ED: physical assault with weapons (including hospital
equipment); physical assault with bodily fluids (eg, saliva, urine,
feces, wound exudate, blood, or spit); or physical assault in the
form of punching, biting, rough handling, scratching, kicking,
shoving/pushing, or hitting. If answering affirmatively to any of
these choices, respondents were asked to indicate whether they
had formally reported the incident.
We used Likert scales to measure participants’ perceptions
of safety and estimated frequency of verbal abuse, physical
assault, and reporting of incidents of workplace violence in
the prior six months. Standard demographic measures were
collected, including gender, profession, primary shift worked,
and years of experience, and whether the employee had worked
in the ED for at least six months. We asked the institution’s
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Office of Security to provide de-identified data on the number
of verbal abuse and physical assault incident reports filed by ED
staff during the same time period for comparison.
Outcomes
The primary outcome was the incidence of verbal abuse
and physical assault experienced by ED staff in a six-month
time period as indicated by survey responses. The secondary
outcome was the comparison of this self-revealed data to
formally reported incidents during the same time period.
Data Analysis
Survey responses were summarized with frequency counts
and percentages. We performed group comparisons of survey
responses using chi-squared tests. Pairwise group comparisons
were performed using odds ratios calculated from frequency
counts. Confidence intervals were generated using asymptotic
Gaussian approximation. We converted Likert-scale responses
to the perceptions of safety question to a numeric rank based
on the strength of sentiment. A two-sided Wilcoxon rank-sum
test and Kruskal-Wallis test were performed on these ranks to

McGuire et al.
compare responses between gender and years-of-experience
groups, respectively. All tests were two-sided and P-values
less than 0.05 were considered significant. We performed
analyses using R version 3.6.2 (The R Foundation for
Statistical Computing, Vienna, Austria).
RESULTS
Characteristics of Study Subjects
A total of 261 responses were received. Seventeen
respondents indicated working in the ED less than six months
and two respondents indicated working in management with
no clinical duties—these 19 responses were excluded from
analysis. We included the 242 remaining responses in our
analysis (Table 1). The cohort was 59.5% female. The most
common positions were nursing staff (80/242, 33.1%), security
(40/242, 16.5%), and attending physicians (28/242, 11.6%).
Violence by Position
Overall, 208 (86%) respondents indicated they had
been verbally abused in the preceding six months (Table 2).
Security officers had the highest incidence of verbal abuse

Table 1. Cohort demographics of emergency department staff surveyed about workplace violence.
Female
(N = 144)

Male
(N = 95)

Overall
(N = 242)*

23 (16%)

26 (27.4%)

49 (20.2%)

Attending physician

12 (8.3%)

16 (16.8%)

28 (11.6%)

Resident physician

10 (6.9%)

8 (8.4%)

18 (7.4%)

Advanced practice provider

1 (0.7%)

2 (2.1%)

3 (1.2%)

Job position
Clinician

Care team assistant
Nursing
Patient care assistant

11 (7.6%)

0 (0.0%)

11 (4.5%)

64 (44.4%)

16 (16.8%)

80 (33.1%)

8 (5.6%)

2 (2.1%)

10 (4.1%)

Phlebotomist

16 (11.1%)

8 (8.4%)

24 (9.9%)

Radiology/ECG

14 (9.7%)

10 (10.5%)

24 (9.9%)

Registration

2 (1.4%)

2 (2.1%)

4 (1.7%)

Security

6 (4.2%)

31 (32.6%)

40 (16.5%)

Day

34 (23.6%)

30 (31.6%)

65 (26.9%)

Evening

31 (21.5%)

10 (10.5%)

41 (16.9%)

Night

22 (15.3%)

22 (23.2%)

46 (19.0%)

Rotating

57 (39.6%)

33 (34.7%)

90 (37.2%)

0-4 Years

45 (31.2%)

30 (31.6%)

76 (31.4%)

5-10 Years

33 (22.9%)

21 (22.1%)

55 (22.7%)

11-20 Years

44 (30.6%)

27 (28.4%)

71 (29.3%)

22 (15.3%)

17 (17.9%)

40 (16.5%)

Primary shift

Years of experience

21+ Years
*3 respondents chose not to disclose gender/sex.
ECG, electrocardiogram.
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Table 2. Incidence of verbal abuse in the prior six months by position.
Position
Clinician

Any
abuse

Threatening
tone

Abusive
language

Harassment

Verbal
threats

Reported
abuse

44 (90%)

42 (86%)

38 (78%)

19 (39%)

17 (44%)

1 (2%)

Attending physician

25 (89%)

23 (82%)

23 (82%)

9 (32%)

10 (4%)

1 (4%)

Resident physician

16 (89%)

16 (89%)

12 (67%)

10 (6%)

6 (33%)

0 (0%)

Advanced practice provider

3 (100%)

3 (100%)

3 (100%)

0 (0%)

1 (33%)

0 (0%)

Care team assistant

8 (73%)

7 (64%)

7 (64%)

2 (18%)

1 (9%)

1 (13%)

Nursing

76 (95%)

74 (93%)

72 (90%)

41 (51%)

44 (55%)

8 (11%)

Patient care assistant

9 (90%)

8 (80%)

9 (90%)

3 (30%)

3 (30%)

0 (0%)

Phlebotomist

18 (75%)

12 (50%)

17 (71%)

6 (25%)

2 (8%)

4 (22%)

Radiology/ECG

12 (50%)

10 (42%)

10 (42%)

3 (13%)

1 (4%)

0 (0%)

Registration

2 (50%)

2 (50%)

1 (25%)

0 (0%)

0 (0%)

0 (0%)

Security

39 (98%)

38 (95%)

38 (95%)

27 (68%)

27 (68%)

22 (56%)

Note: Reported abuse is given as the percent of respondents who indicated any abuse that reported the incident.
ECG, electrocardiogram.

(98%), followed by nursing (95%), PCAs (90%) and clinicians
(90%), phlebotomists (75%), CTAs (73%), registration staff
(50%), and ECG/radiology technicians (50%). Non-security
and non-nursing personnel indicated an incidence of verbal
abuse of 78%, which was significantly lower than either
security (odds ratio [OR] = 0.08, 95% confidence interval
[CI], 0.01 – 0.62, P <.001) or nursing staff (OR = 0.17, 95%
CI, 0.06 – 0.50, P < .001).
Staff indicated how often they were verbally abused by
patients or family members in the prior six months (Table 3).
Security personnel had the highest proportion of responses
indicating incidents of verbal abuse at least every week (16/40,
40%), followed by nurses (30/80, 38%). For non-security and
non-nurse employees, only 11% of respondents indicated verbal
abuse occurring at least every week, which was significantly
lower than either security (OR = 0.19, 95% CI, 0.08 - 0.45,P <
.001) or nursing staff (OR = 0.22, 95% CI, 0.11 - 0.44, P < .001).
Overall, 90 (37.2%) respondents indicated that they had
been physically assaulted in the preceding six months (Table 4).
Security officers had the highest incidence of physical assault
(73%), followed by nursing (49%), PCAs (30%), clinicians
(24%), phlebotomists (17%), and ECG/radiology technicians
(13%). Neither CTAs nor registration staff revealed any physical
assault. Again, security had the highest frequency of assault, with
29 of 40 (73%) respondents indicating being physically assaulted
at least once. Nurses had the next highest frequency of assault
(39/80, 49%). For non-security and non-nurse staff, 22 (18%)
respondents indicated at least one incident of physical assault.
This frequency was significantly lower than security (OR = 0.08,
95% CI, 0.04 - 0.19, P < .001) and nursing staff (OR = 0.23, 95%
CI, 0.12 - 0.44, P < .001).
Table 5 describes the frequency of reporting events of
workplace violence, grouped by position. Security personnel
had the lowest proportion of respondents indicating they never
Volume 22, no. 3: May 2021

report incidents, with seven (18%) responding in this way.
Comparatively, 140 (69%) non-security personnel responded
that they never report incidents. The odds that a non-security
staff member responded “Never” were 11 times higher than for
security personnel (OR = 10.65, 95% CI, 4.47 - 25.38, P < .001).
Violence by Gender
Table 6 provides the number of respondents experiencing
verbal abuse, grouped by gender. Overall, there was no
difference in the incidence of verbal abuse between genders
(female: 85%; male: 87%, P = 0.70). Males were more likely
to report incidents of verbal abuse compared to females (OR
= 3.87, 95% CI, 1.77 - 8.47, P < .001). However, once we
account for employee position, there was no difference in
reporting between males and females. For security personnel,
16/29 (55%) males and 4/6 (67%) females indicated reporting
verbal abuse experienced (OR = 1.63, P = 0.61). For nonsecurity personnel, 7/53 (13%) males and 7/116 (6%) females
indicated reporting the abuse (OR = 2.37, P = 0.12).
Table 7 summarizes the incidence of physical assault.
There was no significant difference in the overall incidence
of physical assault between genders (female: 33%; male:
43%, P = 0.16). However, males experienced 2.8 times
more occurrences of assault with bodily fluids compared to
females (OR = 2.82, 95% CI, 1.43 - 5.55, P = .002). Males
who experienced physical assault were more likely to report
the incident compared to females (OR = 3.79, 95% CI, 1.57
- 9.18, P = .003). Again, there was no difference in reporting
between males and females after accounting for employee
position. Among security personnel, 19/21 (90%) males
and 5/6 (83%) females indicated reporting physical assault
experienced (OR = 1.9, P = 0.63). For non-security personnel,
only 6/20 (30%) males and 9/41 (22%) females indicated
reporting physical assault experienced (OR = 1.52, P = 0.5).
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Table 3. Frequency of verbal abuse in the prior six months by position.
Position

Every day or two

Every week

Every month

Less than every month

1 (2%)

5 (10%)

14 (29%)

29 (59%)

Attending physician

1 (4%)

4 (14%)

8 (29%)

15 (54%)

Resident physician

0 (0%)

1 (6%)

4 (22%)

13 (72%)

Advanced practice provider

0 (0%)

0 (0%)

2 (67%)

1 (33%)

Clinician

Care team assistant

0 (0%)

2 (18%)

3 (27%)

6 (55%)

Nursing

9 (11%)

21 (26%)

34 (42%)

16 (20%)

Patient care assistant

2 (20%)

1 (10%)

1 (10%)

6 (60%)

Phlebotomist

1 (4%)

2 (8%)

2 (8%)

19 (79%)

Radiology/ECG

0 (0%)

0 (0%)

5 (21%)

19 (79%)

Registration

0 (0%)

0 (0%)

0 (0%)

4 (100%)

Security

3 (8%)

13 (32%)

17 (42%)

7 (18%)

ECG, electrocardiogram.

Table 4. Incidence of physical assault in the prior six months by position.
Any
AssaultAssaultPosition
assault
weapons
fluids
Clinician

Assaultbody

Reported
assault

Reported
abuse

12 (24%)

1 (2%)

8 (16%)

8 (16%)

2 (17%)

1 (2%)

Attending physician

7 (25%)

1 (4%)

5 (18%)

3 (11%)

1 (14%)

1 (4%)

Resident physician

4 (22%)

0 (0%)

2 (11%)

4 (22%)

0 (0%)

0 (0%)

Advanced practice provider

1 (33%)

0 (0%)

1 (33%)

1 (33%)

1 (100%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

N/A

1 (13%)

Nursing

39 (49%)

5 (6%)

14 (18%)

34 (43%)

12 (31%)

8 (11%)

Patient care assistant

3 (30%)

0 (0%)

1 (10%)

3 (30%)

1 (33%)

0 (0%)

Phlebotomist

4 (17%)

0 (0%)

3 (13%)

3 (13%)

1 (25%)

4 (22%)

Radiology/ECG

3 (13%)

0 (0%)

0 (0%)

3 (13%)

0 (0%)

0 (0%)

Registration

0 (0%)

0 (0%)

0 (0%)

0 (0%)

N/A

0 (0%)

Care team assistant

Security
29 (73%)
2 (5%)
18 (45%)
28 (70%)
24 (83%)
Note: Reported abuse is given as the percent of respondents who indicated any abuse and reported the incident.
ECG, electrocardiogram.

Table 5. Frequency of abuse reporting in the prior six months by position.
Position
Always
Often
Sometimes
Clinician

22 (56%)

Rarely

Never

Not applicable

0 (0%)

1 (2%)

2 (4%)

3 (6%)

40 (82%)

3 (6%)

Attending physician

0 (0%)

1 (4%)

2 (7%)

2 (7%)

21 (75%)

2 (7%)

Resident physician

0 (0%)

0 (0%)

0 (0%)

0 (0%)

17 (94%)

1 (6%)

Advanced practice provider

0 (0%)

0 (0%)

0 (0%)

1 (33%)

2 (67%)

0 (0%)

Care team assistant

0 (0%)

0 (0%)

1 (9%)

2 (18%)

7 (64%)

1 (9%)

Nursing

3 (4%)

3 (4%)

5 (6%)

16 (20%)

50 (62%)

3 (4%)

Patient care assistant

1 (10%)

0 (0%)

1 (10%)

2 (20%)

5 (50%)

0 (0%)

Phlebotomist

1 (4%)

0 (0%)

2 (8%)

4 (17%)

15 (62%)

2 (8%)

Radiology/ECG

0 (0%)

0 (0%)

0 (0%)

1 (4%)

19 (79%)

4 (17%)

Registration
Security

0 (0%)

0 (0%)

0 (0%)

0 (0%)

4 (100%)

0 (0%)

14 (35%)

9 (22%)

6 (15%)

1 (2%)

7 (18%)

3 (8%)

ECG, electrocardiogram.
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Violence by Shift
There was no difference in the overall incidence of verbal
abuse between shifts (x2 = 4.63, P = .20); However, staff
working during the evening reported 69% fewer instances of
abusive tone (OR = 0.31, 95% CI, 0.15 - 0.64, P = .001). Staff
working day or overnight shifts were 4.2 times more likely to
report incidents of verbal abuse compared to those working
evening or rotating shifts (OR = 4.17, 95% CI, 1.85 - 9.39, P
< .001). There was no significant difference in physical assault
related to shifts (x2 = 3.97, P = .26). Moreover, there was no
significant difference in the number of respondents reporting
incidents of assault (x2 = 7.01, P = .071).
Violence by Years of Experience
Staff members with less than four years or more than 21
years of experience were more likely to experience some form
of verbal abuse compared to staff members with 5-20 years of
experience (OR = 2.94, 95% CI, 1.31 - 6.61, P = .007). There
was no difference in the number of respondents reporting their
incidents of verbal abuse between years of experience (x2 = 4.18,
P = .24). There was no difference in the number of respondents
indicating some form of physical assault between experience
groups (x2 = 6.00, P = 0.11). Additionally, there was no difference
in the number of respondents reporting physical assault between
experience groups (x2 = 2.02, P = .57).
Perceptions of Safety
When asked how safe respondents felt as a staff member
working in the ED, 100% of respondents indicated subjectively
feeling safe, with 11.1% indicating feeling extremely safe
(27/242), 48.8% very safe (118/242), 35.5% moderately safe

(86/242), and 4.5% slightly safe (11/242). No respondents
indicated feeling unsafe. Responses were converted to a numeric
rank based on the strength of sentiment, with “slightly safe” the
lowest score at 1 and “extremely safe” the highest score at 4.
Males had a higher perceived safety compared to females (P =
.016). The average response rank for males was 2.81, compared
to 2.56 for females. When evaluating for perceptions of safety
among staff with different years of experience, there was no
significant difference in perceived safety between the experience
groups (P = .40).
Official Incident Reports
During the same six-month time frame respondents were
surveyed, there were only 11 official incident reports made to
the Office of Security regarding verbal threats or harassment
and 18 reports of physical assaults. Compared to self-reported
data from the survey, this corresponds to a 5% and 18%
reporting rate, respectively.
DISCUSSION
Similar to prior research, our survey of ED staff showed a
high incidence of verbal abuse (86%) and physical assault (37%)
within our ED over a six-month time period. Through surveying
the entire multidisciplinary team, we were able to demonstrate
that all team roles experienced verbal abuse at some point in
a six-month time period, and nearly all experienced physical
assault with the exception of CTAs and registration staff. Even so,
interestingly all 242 respondents indicated feeling some degree
of safety in our ED. We recognize that this subjective reporting
of safety may be misleading and may be attributed to a selection
bias as healthcare employees who feel unsafe in their workplace

Table 6. Incidents of verbal abuse by respondent gender.
Gender

Any abuse

Threatening tone

Abusive language

Harassment

Verbal threats

Reported abuse

Female

122 (85%)

114 (79%)

110 (76%)

59 (41%)

47 (33%)

11 (9%)

Male

83 (87%)

76 (80%)

79 (83%)

40 (42%)

45 (47%)

23 (28%)

Overall
208 (86%)
193 (80%)
192 (79%)
101 (42%)
95 (39%)
Note: Reported abuse is given as the percent of respondents who indicated any abuse and reported the incident.

36 (17%)

Table 7. Incidents of physical assault by respondent gender.
Gender

Any assault

Assault - weapons

Assault - fluids

Assault - body

Reported assault

Reported abuse

Female

47 (33%)

5 (3%)

17 (12%)

41 (28%)

14 (30%)

11 (9%)

Male

41 (43%)

2 (2%)

26 (27%)

36 (38%)

25 (61%)

23 (28%)

Overall

90 (37%)

8 (3%)

44 (18%)

79 (33%)

40 (44%)

36 (17%)

Note: Reported abuse is given as the percent of respondents who indicated any abuse that reported the incident.

Volume 22, no. 3: May 2021

707

Western Journal of Emergency Medicine

Multidisciplinary Incidence and Reporting of Violence in an ED
are more likely to transfer out of the department and may have
been missed by our survey. This finding may also mirror prior
literature that healthcare employees are resistant to the belief that
they are at risk for patient-initiated violence and experience a
complacency in thinking that violence is simply “part of the job.”1
Security personnel were more likely to formally report
incidents compared to non-security personnel victims. This
may be due in part to the nature of their job and the frequency
with which they experience violence, as well as familiarity
with the reporting process as departmental incident reports are
submitted to their office. Concerningly, 69% of non-security
personnel indicated that they never report incidents of violence.
This was corroborated with a review of official incident reports
received during the same time period. Barriers to reporting are
multifactorial and include, as described above, the belief that
violence is “part of the job,” confusion over what constitutes
violence, unfamiliarity with reporting processes, lack of available
time at work for reporting incidents, fear of retribution from
supervisors, and perceived lack of institutional support.1,9
Our study findings indicate that future efforts to increase
incident reporting within the ED should focus on the entire
multidisciplinary team, including visiting staff assigned to nonED departments such as phlebotomy, cardiac monitoring (ECG),
and radiology.
In terms of isolating specific risk factors, we found no
difference in the overall incidence of violence between genders;
however, males were significantly more likely to report incidents
of both verbal and physical abuse compared to females. To
our knowledge, this has not been previously described in the
literature. Although we found a difference in the reporting of
violence between genders, this difference was not significant
once we accounted for employee position. This is likely due to a
greater proportion of males in our study working in security (35%
males, 5% females), and security personnel indicating a higher
rate of violence reporting regardless of gender. Future studies
with larger cohort sizes should seek to identify whether there is a
difference in reporting between genders. Coincidentally, females
had a significantly lower perceived perception of safety in our ED
compared to their male counterparts. Thus, additional research
should seek to more clearly establish the reasons why more
females choose not to report incidents of violence.
There was no significant difference in the overall incidence
of violence between shifts; however, staff working daytime or
overnight shifts were more likely to report incidents of verbal
abuse. This may be explained by the higher frequency of incident
reporting by security staff and the fact that security officers in
our institution work 12-hour shifts, considered either day shift
or overnight shifts, with only non-security personnel working
evening or rotating shifts. Future research should continue
to distinguish what additional demographic factors may be
contributing to the lack of violence reporting.
The unique environment of the ED contributes to its
propensity for violence: stress among patients, families, and
visitors; long wait times and delays; crowding; unrestricted
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24-hour access; low socioeconomic status; substance abuse;
patients with behavioral health issues; gang activity; and frequent
delivery of “bad news” have all been suggested to contribute to
the elevated incidence of violence.1,10 A multidisciplinary study
of healthcare workers found exposure to workplace violence
significantly correlated with burnout, and a separate survey of
ED nurses found that 94% of those experiencing violence in
the workplace exhibited symptoms of post-traumatic stress.11
In addition to its impact on patient care and detriment to
employee wellbeing, violence has a substantial financial impact
for employers and the economy. Financial costs of workplace
violence include lost time/wages; medical costs of employee
injury, disability, and/or death; and attrition.12 According to a
2017 report commissioned by the American Hospital Association,
hospitals spent an estimated $1.1 billion in security and training
costs to prevent violence, and an additional $429 million to cover
costs such as medical care, staffing, and insurance resulting
from violence against staff.13,14 Future research should attempt to
characterize the mental and physical toll on the multidisciplinary
ED care team to help direct efforts for employee wellbeing.
This study’s findings have important clinical implications.
The incidence of verbal abuse among our multidisciplinary ED
care team was nearly 6 of every 7 staff members, and yet these
incidents were almost never reported to the institution. The
incidence of physical assault was more than 2 of every 5 staff
members and, again, the majority went unreported. Nearly 7 out
of every 10 non-security staff members declined to officially
report the violence they experienced. Findings from this study
suggest that the pervasive nature of violence in healthcare is still
underappreciated and that increased efforts are needed to protect
ED staff members and support and encourage or incentivize
accurate and reliable reporting.
LIMITATIONS
This study has several important limitations. To preserve
anonymity of employees, the study was sent to email distribution
lists (DL) and included some DLs with employees working in
other departments other than the ED (eg, phlebotomy, and ECG
and radiology technicians), or who also worked at additional sites
elsewhere in our health system (eg, clinicians). Thus, it is not
possible to know the actual number of employees from different
disciplines who work in the ED to estimate a response rate for
our survey. Additionally, to further preserve anonymity, we did
not ask in-depth demographic questions. Without knowing fulltime vs part-time status of respondents, it is possible that some
responses came from employees working part time and this may
have skewed our incidence of violence. The definition of “verbal
abuse” is highly subjective to individual respondents and survey
inclusion of “threatening tone of voice’” may have contributed to
over-reporting of verbal abuse in general by respondents.
The study was also subject to recall and reporting bias in
terms of violence experienced over a six-month time period,
as well as the reporting of incidents. We acknowledge that
because this was a single-center study some aspects may not be

708

Volume 22, no. 3: May 2021

Multidisciplinary Incidence and Reporting of Violence in an ED

McGuire et al.
generalizable to all institutions or geographic regions. However,
the finding of under-reporting is not dissimilar to other published
studies,15,16 and the fact that abuse and violence affect previously
unstudied populations including ancillary services and clerical
assistant staff is important and not likely related to local factors.

5. Gates DM, Ross CS, McQueen L. Violence against emergency
department workers. J Emerg Med. 2006;31:331-7.
6. Behnam M, Tillotson RD, Davis SM, et al. Violence in the emergency
department: a national survey of emergency medicine residents and
attending physicians. J Emerg Med. 2011;40(5):565-79.
7. Kelly M. Violent attacks against emergency physicians remain a
problem. Ann Emerg Med. 2020(75):11A-4A.
8. Paul A. Harris, Robert Taylor, Robert Thielke, et al. Research

Address for Correspondence: Sarayna S. McGuire, MD, Mayo
Clinic, Department of Emergency Medicine, 200 First St SW,
Rochester, MN 55905. Email: McGuire.Sarayna@mayo.edu.

electronic data capture (REDCap) – A metadata-driven methodology
and workflow process for providing translational research informatics
support. J Biomed Inform. 2009; 42(2):377-81.

Conflicts of Interest: By the WestJEM article submission agreement,
all authors are required to disclose all affiliations, funding sources
and financial or management relationships that could be perceived
as potential sources of bias. No author has professional or financial
relationships with any companies that are relevant to this study.
There are no conflicts of interest or sources of funding to declare.

9. Stene J, Larson E, Levy M, Dohlman M. Workplace violence in
the emergency department: giving staff the tools and support to report.
Perm J. 2015;19(2):e113-7.
10. Lenaghan PA, Cirrincione NM, Henrich S. Preventing emergency
department violence through design. J Emerg Nurs. 2018;44:7-12.

Copyright: © 2021 McGuire et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

11. Copeland D and Henry M. The relationship between workplace
violence, perceptions of safety, and professional quality of life among
emergency department staff members in a Level 1 trauma centre. Int
Emerg Nurs. 2018;39:26-32.
12. Larson LA, Finley JL, Gross TL, et al. Using a potentially aggressive/
violent patient huddle to improve health care safety. Jt Comm J Qual
Saf. 2019;45:74-80.

REFERENCES

13. Taylor JL and Rew L. A systematic review of the literature: workplace

1. Philips JP. Workplace violence against health care workers in the
United States. N Engl J Med. 2016;374:1661-9.

violence in the emergency department. J Clin Nurs. 2010;20:1072-85.
14. Durkin M. Hospital fight back against violence. 2017. Available at:

2. Kansagra SM, Rao SR, Sullivan AF, et al. A survey of workplace

https://acphospitalist.org/archives/2017/12/hospitals-fight-back-against-

violence across 65 U.S. emergency departments. SAEM. 2008;
15:1268-74.

violence.htm. Accessed May 25, 2020.
15. Pompeii LA, Schoenfisch AL, Lipscomb HJ, et al. Physical assault,

3. Weyand JS, Junck E, Kang CS, et al. Security, violent events,

physical threat, and verbal abuse perpetrated against hospital

and anticipated surge capabilities of emergency departments in

workers by patients or visitors in six U.S. hospitals. Am J Ind Med.

Washington state. West J Emerg Med. 2017;18(3)466-73.
4. Gerberich SG, Church TR, McGovern PM, et al. An epidemiological

2015;58(11):1194-204.
16. Speroni KG, Fitch T, Dawson E, et al. Incidence and cost of nurse

study of the magnitude and consequences of work related violence:

workplace violence perpetrated by hospital patients or patient visitors.

the Minnesota Nurses’ Study. Occup Environ Med. 2004;61:495-503.

J Emerg Nurs. 2014;40(3):218-28.

Volume 22, no. 3: May 2021

709

Western Journal of Emergency Medicine

Original Research

Emergency Medicine Influencers’ Twitter Use During the
COVID-19 Pandemic: A Mixed-methods Analysis
Maren K. Leibowitz, MD*
Michael R. Scudder, BS†
Meghan McCabe, BS‡
Jennifer L. Chan, MD, MPH*
Matthew R. Klein, MD, MPH, MEd*
N. Seth Trueger, MD, MPH*
Danielle M. McCarthy, MD, MS§

*Northwestern University, Department of Emergency Medicine, Chicago, Illinois
†
Vanderbilt University, Nashville, Tennessee
‡
Saint Louis University, St. Louis, Missouri
§
Northwestern University, Center for Health Services & Outcomes Research,
Department of Emergency Medicine, Chicago, Illinois

Section Editor: Mark I. Langdorf, MD, MHPE 		
					
Submission history: Submitted July 23, 2020; Revision received January 2, 2021; Accepted December 22, 2020
Electronically published March 22, 2021
Full text available through open access at http://escholarship.org/uc/uciem_westjem 		
DOI: 10.5811/westjem.2020.12.49213

Introduction: The objective of this study was to analyze the messages of influential emergency
medicine (EM) Twitter users in the United States (US) during the early stages of the coronavirus
disease 2019 (COVID-19) global pandemic by characterizing the themes, emotional tones, temporal
viewpoints, and depth of engagement with the tweets.
Methods: We performed a retrospective mixed-methods analysis of publicly available Twitter data
derived from the publicly available “Coronavirus Tweet IDs” dataset, March 3, 2020–May 1, 2020.
Original tweets and modified retweets in the dataset by 50 influential EM Twitter users in the US
were analyzed using linguistic software to report the emotional tone and temporal viewpoint. We
qualitatively analyzed a 25% random subsample and report themes.
Results: There were 1315 tweets available in the dataset from 36/50 influential EM Twitter users in
the US. The majority of tweets were either positive (455/1315, 34.6%) or neutral (407/1315, 31%)
in tone and focused on the present (1009/1315, 76.7%). Qualitative analysis identified six distinct
themes, with users most often sharing news or clinical information.
Conclusions: During the early weeks of the COVID-19 pandemic, influential EM Twitter users in
the US delivered mainly positive or neutral messages, most often pertaining to news stories or
information directly relating to patient care. The majority of these messages led to engagement by
other users. This study underscores how EM influencers can leverage social media in public health
outbreaks to bring attention to topics of importance. [West J Emerg Med. 2021;22(3)710–718.]

INTRODUCTION
The newly discovered coronavirus disease 2019
(COVID-19) global pandemic has had an unprecedented
impact on the healthcare community. As of this writing, there
have been more than 73.7 million cases worldwide with
the United States (US) accounting for approximately one
quarter of all cases. The US also accounts for about one fifth
of all deaths from COVID-19, with over 300,000 lives lost.1
Since first being described in Wuhan, China, in December

Western Journal of Emergency Medicine

2019,2 clinical information, guidelines, and practices have
rapidly evolved.3-5 As cases emerged within the US, lack of a
coordinated national response overwhelmed certain regions
of the country and continue to threaten to overwhelm the
country’s health system.6,7 In this way, clinicians have faced
unique challenges in discovering and implementing best
clinical practices, confronting issues with personal well-being
and engaging in the discourse surrounding the country’s
response efforts.
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Within the field of emergency medicine (EM), social
media — in particular Twitter — has risen as a popular
platform for the quick and widespread dissemination of
information and opinions.8 Opinion leaders within the EM
community on Twitter have previously been identified
as those with the most followers and most connections
within the Twitter community..9 These EM influencers
have a disproportionate impact on discourse due to their
large audiences that view them as credible sources of
information.10,11 Prior to the COVID-19 pandemic, EM
influencers used Twitter primarily to discuss medical topics
and to share resources and opinions, with a significant social
and humor component.12
Since COVID arrived, doctors across many specialties
have increasingly turned to Twitter to both gather information
and to combat misinformation.13-15 The goal of this study was
to analyze the messages of influential EM Twitter users in the
US during the early stages of the COVID-19 pandemic. We
aimed to evaluate the thematic landscape of messages over
time to help describe how social media was being used by
the EM community in a novel and evolving setting. We also
sought to analyze the emotional tone and temporal viewpoint
of the language used and depth of engagement with these
messages. These data provide insight into ways EM users can
leverage social media in future health crises for the benefit of
clinicians and patients alike.
METHODS
Study Design
This was a retrospective analysis of publicly available
Twitter data analyzed via a mixed-methods analysis using a
combined content analysis approach. Due to the qualitative and
quantitative nature of Twitter data, combined content analysis
has been suggested to address these types of datasets.16,17
Sample
We analyzed a sample of English-language tweets from
50 influential, US-based EM influencers on Twitter during the
early stages of the COVID-19 pandemic. We adapted the list
of EM influencers from two previously published network
analyses9,18 using an iterative consensus-driven process;
criteria included presence on either prior list, recognition
within the EM Twitter community, and based in the US
(Appendix 1). We excluded one potential EM influencer
(NST), who is a coauthor on this study, to avoid coding bias
since tweets cannot be fully blinded. We chose to analyze
influencers from the US to narrow our study to one area of
the world where the disaster dynamics were occurring under
one governance structure and country environment, enabling a
more nuanced analysis of themes related to the US healthcare
system, regional logistics, and clinical practices. Previous
studies have shown that analyzing tweets from Twitter
influencers provides a narrative of Twitter activity without
needing to analyze all users;12 thus, we felt that limiting
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
The use of Twitter by influential emergency
medicine (EM) users during the coronavirus
disease 2019 (COVID-19) pandemic had not
previously been studied.
What was the research question?
What were influential EM Twitter users
talking about during the early stages of the
COVID-19 pandemic?
What was the major finding of the study?
Influential EM Twitter users mainly shared
news or clinical information in positive or
neutral messages.
How does this improve population health?
This study shows how EM influencers used
Twitter in a rapidly evolving situation, and
may suggest how it could be leveraged in
future public health crises.

our sample to influencers would still reflect the general
conversation among all EM users on Twitter.
Given the evolving nature of the pandemic over time, we
decided to analyze a sample of tweets from each week during
the time period of March 3, 2020–May 1, 2020. These dates
range from the week before the World Health Organization
declared COVID-19 a pandemic to the most current dates
available at the time of data retrieval.19
Data Collection
We used the George Washington University Libraries
Tweetsets data platform to access and filter the “Coronavirus
Tweet IDs” dataset (version 5). The dataset consists of
Tweet IDs “collected using the POST statuses/filter method
of the Twitter Stream API, using the track parameter with
the following keywords: #Coronavirus, #Coronaoutbreak,
#COVID19.”20 Version 5 of the dataset contains tweet IDs
from March 3, 2020–May 1, 2020. The Tweetsets search
functionality allowed us to generate a dataset from the
Coronavirus Tweet IDs dataset (which contained 188,026,475
tweets). To generate the dataset for this investigation, we
included only original tweets and quote tweets authored by the
pre-specified list of EM influencers. Unmodified retweets and
replies were excluded.
The Twitter developer policy21 states that tweet IDs may
be publicly shared for academic purposes; however, tweets
may not. The dataset above contains only tweet IDs, not the
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actual tweets. Subsequently, tweet IDs were “hydrated” back
to full tweets for purposes of analysis using the “Hydrator”
program available at Documenting the Now (https://www.
docnow.io).22 “Hydrating” a tweet ID converts each numeric
identifier into a line of data in a comma-separated values (csv)
file that contains both the text of the actual tweet as well as
additional metrics (eg, likes, retweets, location of the user,
date and time of tweet, and URL links).
Analysis
We used a mixed-methods analysis with quantitative
analysis performed on the full dataset and qualitative analysis
performed on a subsample of the data.
Quantitative Analysis
Descriptive statistics are reported for the type of tweet
(original content vs a retweet with comment, where a user
comments on another tweet embedded within their tweet). The
number of tweets per week is reported. The first week of data
is only a partial week since March 3 was midweek (Tuesday).
We described the reach and engagement of tweets using the
number of followers of the EM influencers and the number
of “likes” and retweets received. Twitter metrics, including
retweets, mentions, and followers are considered traditional
metrics of influence.23
We analyzed the emotional tone of the tweets and the
temporal focus using a linguistics approach. The Linguistic
Inquiry and Word Count (LIWC) program developed by
Pennebaker and colleagues has been used in previous
medical and public health literature to evaluate linguistics
in social media during acute crises.24,25 Pronounced “luke,”
LIWC is a text analysis software with a predefined dictionary
composed of 90 word categories with 6400 words and word
stems that has acceptable prior validity evidence. These
words and word stems reflect a variety of emotions, thinking
styles, social concerns, and parts of speech. The LIWC
output reports the ratio of the words in each category relative
to the total word count of the analyzed text.26,27 We used five
categories from the existing LIWC dictionary in the analysis.
To describe the emotional tone of the tweet we used the
“positive emotion” and “negative emotion” categories (with
sub-categories of “anxiety,” “anger,” and “sadness”). If the
text of the tweet did not contain any words in the positive
or negative emotion word categories, it was categorized as a
neutral tone.
To describe the temporal focus of the tweet, we used the
“past focus,” “present focus,” and “future focus” categories.
If any words in the respective word categories were present,
the tweet was categorized in that group. Groups were not
mutually exclusive (eg, a tweet could express both positive
emotion and negative emotion or have both a past and
present focus). Descriptive statistics were used to report the
quantitative metrics. All analyzes were performed using Stata
13.1 (StataCorp, College Station, TX).
Western Journal of Emergency Medicine

Qualitative Analysis
Tweet text was analyzed inductively, following
an emergent content analysis approach to allow for restructuring of coding categories if new themes emerged
during analysis.28,29 The coding team was comprised of four
authors (DM, ML, MS, MM), all with different experiences
and backgrounds in EM Twitter. The lead author (DM) is
an emergency physician (EP) with extensive experience
in qualitative research and rare use of Twitter. One author
(ML) is an emergency medicine resident with no experience
on Twitter. Two authors (MS and MM) are undergraduate
students, one (MS) with extensive experience on Twitter,
although no interaction with medical Twitter, and the other
(MM) with minimal experience on Twitter.
The coding team read through a random sample of 50
tweets to develop initial coding categories using an inductive
approach. We used a random number generator (https://www.
random.org/integer-sets/) to create our sample sets. Tweets
were viewed in a web browser for coding rather than reading
the text alone (in csv file) to most closely approximate the
viewing experience of the original audience and to allow
for the added context of images. Quote tweets were coded
based on both the content of the new text and the link or text
being shared as often the quote text alone would have been
insufficient to categorize the tweet (eg, “check this out”). In
the case that the quoted content was no longer available on
Twitter, the tweet was categorized by the quote text alone.
We refined coding categories in an iterative manner,
and created a coding dictionary with definitions and sample
tweets to serve as unambiguous examples. The initial
coding categories and codes for the development sample
were reviewed by one of the paper’s authors (NST), an
EM influencer whose tweets were excluded from this study
to ensure that tweets were not misinterpreted or codes
overlooked (member checking). The sample of 50 tweets used
for code development was included in the final analysis.
Given the large size of the dataset, the qualitative analysis
started with a goal of analyzing a 25% random sample of
tweets from each week, with a plan to expand analysis to
a 33% sample (and beyond) if there were new qualitative
categories arising in the late stages of coding of the 25%
sample (eg, if data saturation was not achieved). The random
number generator was applied to each one-week time frame
(rather than to the whole study period) to ensure balance
across weeks because the authors suspected the topics covered
on Twitter might vary week to week as different aspects of the
pandemic evolved over time (eg, testing; personal protective
equipment [PPE]). Previous studies evaluating Twitter content
analysis within healthcare have analyzed between 288 and
1583 tweets.12,30,31
After initial code development, three authors (ML, MS,
MM) coded the remaining tweets with each tweet being double
coded by a dyad of coders (eg, ML+MS, MS+MM, ML+MM).
The full coding team met iteratively to discuss and reconcile
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any coding disagreements, revise the codebook, and develop
new categories as needed. Strategies used to strengthen the
validity and credibility of the data included member checking,
memoing, reflexivity, and triangulation of data.

Table 1. Describing the emergency medicine influencers and tweet
metrics (N = 1315).
Metric

n (%)

Describing the influencers

RESULTS
We identified a total of 1315 tweets from the 50 EM
influencer tweets and quote tweets for the study period. The
distribution of tweets across weeks is displayed in Figure 1.
Tweets were split almost evenly between original tweets and
quote tweets.

Tweets per user, median (IQR)

16 (5.5, 43.3)

Number of followers per user,
median (IQR)

35,574 (13,072, 46,189)

Region of country of the users
West

8 (16.3%)

Midwest

5 (10.2%)

Northeast

17 (34.7%)

South

6 (12.2%)

Describing the tweet metrics
Tweet type
Original tweets

787 (59.8%)

Quote tweets

528 (40.2%)

Likes, median (IQR)
Retweets, median (IQR)
IQR, interquartile range.

Figure 1. Original COVID-19-related tweets and quote tweets
per week.

Of the 50 EM influencers included in the sample, 36 had
tweets or quote tweets captured in the dataset with a median of
16 tweets per user, and a wide range of activity (interquartile
range [IQR]: 5.5, 43.3]. The majority of tweets had
engagement in the form of likes and retweets, with a median
of 25 likes (IQR: 7, 83) and seven retweets (IQR: 1, 27) per
message (Table 1). The most frequent hashtags appearing
in the included sample are shown in Table 2; #covid19 was
present in 1107 tweets, or 72.5% of the sample.
The linguistic analysis of the tweets with LIWC software
revealed that most tweets were either positive (455/1315,
34.6%) or neutral (407/1315, 31%) in tone and focused on
the present (1009/1315, 76.7%). Tweets demonstrating only
negative emotion were the least frequent (197/1315, 15%).
Among tweets that demonstrated any amount of negative
emotion, anxiety was the most common subtype (Table 3).
The qualitative dataset included 381 tweets (50 from
derivation, plus the 25% sample of the remaining 1265). Four
(1%) of the modified retweets did not have the original quoted
tweet’s text available, so were coded based on the author’s
quote text alone. Analysis identified six thematic categories
encompassing 19 descriptive codes. These themes with
exemplary tweets are shown in Table 4.
Just over one third of the tweets (131/381, 34.4%) shared
facts or links to news outlets discussing testing, case volume,
or other local stories pertaining to the pandemic. Over a
Volume 22, no. 3: May 2021

25 (7, 83)
7 (1, 27)

quarter of the tweets (110/381, 28.9%) contained information
directly influencing patient care, linking the reader to primary
literature, free open access medical education (FOAM)
webpages, or sharing local protocols. Tweets providing advice
or resources (69/381, 18.1%) and containing personal stories
or engaging other users (64/381, 16.8%) were also prevalent.
About an eighth of tweets (47/381, 12.3%) were political,
either sharing news or providing personal commentary on
the governmental response to the pandemic. The dataset
also included tweets (22/381, 5.8%) pertaining to medical
topics other than COVID-19 (but possibly influenced by the
pandemic).
DISCUSSION
While previous studies have addressed the use of Twitter
by physicians during the COVID-19 pandemic,32 this is
the first study to evaluate the use of Twitter specifically by
EPs. The use of Twitter by EPs in public health crises is not
new33; however, the challenges of the COVID-19 pandemic
create a unique backdrop in which to analyze Twitter data.
Further, the online medical Twitter community provided a
unique opportunity for EPs to share clinical information and
experience, as well as personal stories and support, during a
historic and rapidly changing global health crisis. Our results
show a range of themes among the messages, most often
related to sharing facts, local news, or information pertaining
to clinical practice. There was a significant aspect of social
engagement between users\ via likes and retweets, enhancing
previous work that describes connections on Twitter as a
network for collaboration and information sharing.9,17,18

713

Western Journal of Emergency Medicine

EM Influencers Twitter Use During COVID-19

Leibowitz et al.

Table 2. Most frequent hashtags used in full sample of tweets
(N = 1,315).
Hashtag
n (%)
#covid19

1,107 (72.5%)

#covid19foam

130 (8.5%)

#foamed

109 (7.1%)

#coronavirus

86 (5.6%)

#getmeppe

33 (2.2%)

#foamcc

22 (1.4%)

#emergencydepartment

14 (0.9%)

#emergencymedicine

14 (0.9%)

#ppe

11 (0.7%)

Similar to the pediatric intensive care Twitter community
during the COVID-19 pandemic, as evaluated by Kudchadkar
and Carroll, our study showed that EPs used Twitter to
rapidly disseminate information about clinical practices as
they continued to evolve.34 Twitter as a platform inherently
lends itself to this type of collaboration. With a median of
35,574 followers per account, influential EM users have a farreaching audience. Twitter thus can be a critical tool in helping
EPs build their clinical framework for COVID-19 patients
in a collaborative, dynamic environment. Particularly at the
beginning of the pandemic when clinical trials and other more
rigorous research were rare, sharing personal experiences and
clinical information may have helped shape clinical practice
and care protocols.
EM Twitter messages in this sample have more positive
or neutral emotion words in comparison to messages by
the general public on Twitter.35,36 This is a notable finding
Table 3. Describing the language of the tweets (N = 1,315).
Metric

n (%)

Emotional tone of the tweet*
Neutral tone

407 (31.0%)

Both positive and negative emotions

256 (19.5%)

Positive emotion only

455 (34.6%)

Negative emotion only

197 (15.0%)

Types of negative emotion
Anger
Sadness
Anxiety

144 (11.0%)
92 (7.0%)
165 (12.6%)

Temporal focus*
Past
Present

355 (27.0%)
1,009 (76.7%)

Future
291 (22.1%)
*Sum > 1,315 as many tweets had more than one temporal focus
(eg, present and future or past/present/future).

Western Journal of Emergency Medicine

since the healthcare system and frontline workers were
and continue to be among the most negatively impacted by
the pandemic.37,38 It points to the importance of different
perspectives in shaping attitudes and sentiment. This disparity
in sentiment between specific populations is worthy of future
investigation, not only within the EM community but within
the larger field of crisis informatics.
Similarly notable, unlike Rufai and Bunce’s evaluation of
G7 world leaders on Twitter in the early pandemic,39 our analysis
did not identify morale-boosting messages as a significant theme.
At the beginning of the pandemic, healthcare professionals
were likely more focused on clinical practice and overwhelmed
healthcare systems. The role of the user offline, both in a personal
and professional capacity, likely relates to the role a user takes on
Twitter and may account for these differences.
Studies of Twitter data during previous public health
outbreaks have suggested roles for the social media
platform during dynamic and uncertain times like the
COVID-19 pandemic. These roles include infectious disease
surveillance, predicting spread, dissemination of public health
information, and assessing public views of the outbreak.40-44
Twitter messages sent during previous emergency and
mass convergence events reveal features of information
dissemination that support information broadcasting and
brokerage.45,46 For example, during Hurricane Isaac in 2012,
public health situational awareness in non-traditional format
was shared through Twitter.47 Specialized groups are often part
of trusted networks that are crucial during disasters since they
form a network of individuals and groups that either formally
or informally pursue a common goal or purpose.48 Information
exchange within these groups is often perceived as not only
more credible but often more relevant. The EM influencers
and their tweets represented in this analysis likely represent
a medical specialty-focused trusted network with wide reach
both within EM and to the general public.
There is also a role specifically for public health officials
and physicians to combat misinformation on traditional
and social media.49 Misinformation on Twitter during the
COVID-19 pandemic is already prevalent and negatively
impacts public perception of the virus and can inhibit
adherence to public health initiatives.50,51 While we did not
evaluate the scientific accuracy of any of the tweets, many
tweets identified and addressed perceived misinformation.
This is congruent with the findings of Wahbeh et al that
physicians across specialties have been using Twitter to
warn the general public about misinformation relating to
COVID-19.32 Some have described the need for a concerted
effort to train healthcare professionals and the general
public in appropriately evaluating social media as a result of
the widespread use of social media during the COVID-19
pandemic.52 Future work may evaluate the presence of
misinformation in medical tweets during the pandemic and
specifically explore the role of physicians in combatting
misinformation during the pandemic.
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Table 4. Themes within Twitter messages.
Theme
Clinical
Information

Definition

Exemplary Tweets and link to Tweet

Clinical Information from primary The NYU experience, as related in a #covid19 preprint from @
literature, #FOAMEd and sharing leorahorwitzmd et al. Testing yield, initial disposition, and features
of local protocols intended to
associated with hospitalization, critical illness, and death.
directly influence the care of the
• https://twitter.com/emlitofnote/status/1249016774990815232
patient.
Quick cheat sheet on how to approach respiratory distress in
#Covid19 Great job @MRamzyDO This is
! https://t.co/
kKjgNp1OQl
• https://twitter.com/CriticalCareNow/status/1249014641499557888

n (%)
N = 381
110
(28.87%)

Helpful information, all things that have come up recently in the
hospital. A few takeaways for clinicians: viral co-infection is rare;
pragmatic decisions about return to work are warranted; going to
droplet rather than aerosol precautions makes sense and will help
scale efforts. https://t.co/WOyheBYvmq
• https://twitter.com/choo_ek/status/1237225244294668288
Sharing News

Sharing facts or links to news
outlets pertaining to all aspects
of pandemic including testing,
case volume, and local stories.

Minnesota announces the entire state has NINE #COVID19 patients.
Its hospitals are, like any other day, already 97% full with other
patients. The entire US hospital system operates like this. Minnesota
is not an outlier. #brokenrecord #FlattenTheCurve https://t.co/
XLVLsIhYcE
• https://twitter.com/grahamwalker/status/1238283796253822976

131
(34.38%)

a biblical plague. literally. https://t.co/aYOWcjKgoj
• https://twitter.com/movinmeat/status/1249029241842225152
“One of the biggest crises out there is the false information being
circulated on social media about the virus.”
- a guy who is circulating false information about the virus on social
media
• https://twitter.com/RyanMarino/status/1237137253610205190
Advice and
Resources

Provides specific advice
(directed to physicians or to
public) or leads reader to a
resource.

#COVID19 Hospital Capacity Calculator @spoonfedEM @
PennMedicine https://t.co/3yx3uMjGBm
• https://twitter.com/AliRaja_MD/status/1254781446809501704

69
(18.11%)

We’re still fighting #COVID19 everyday in New York. We still
need everyone to #StayHome if we want to save lives. Thanks @
convictsnyc for including @Cleavon_MD, @SteflonMD and me - all
from @ColumbiaEM - in this great video. https://t.co/qEP0RAeJqS
• https://twitter.com/Craig_A_Spencer/
status/1249896318207655937
COVIDLand update 1,006: Coming to the ER? Bring your phone.
Bring a charger. Have your fam member’s phone # Make sure THEY
brought their phone. They’re not coming inside with you. #COVID19
• https://twitter.com/ercowboy/status/1249088185055019015

Political

News or personal opinion
pertaining to politicians’ or
governments’ response to the
pandemic.

This is stupid + irresponsible. Only take medical advice from medical
professionals. Suggesting injection of disinfectants can kill #COVID19
will cause people to die Full Stop.
• https://twitter.com/EMSwami/status/1253684071785431040

47
(12.34%)

My governor @GovRaimondo proves, once again, that great
leadership CAN happen, even during a world-altering #COVID19
pandemic. Check out this thread: https://t.co/b7SywSQaxa
• https://twitter.com/meganranney/status/1254127553348067329

Volume 22, no. 3: May 2021

715

Western Journal of Emergency Medicine

EM Influencers Twitter Use During COVID-19

Leibowitz et al.

Table 4. Continued.
Theme
Non-COVID
Medical

Definition
Medical content not related to
COVID-19.

n (%)
N = 381

Exemplary Tweets and link to Tweet
I know we’re all full-on #COVID19 but let’s remember there’s also an
epidemic of #gunviolence in our country that kills far more people (&
more indiscriminately) than this nasty virus. https://t.co/vKfzmqgvit HT
@aalkermd
• https://twitter.com/meganranney/status/1235653372558159873

22
(5.77%)

Ryan, ITS ALWAYS TIME TO TALK ABOUT PE!!! https://t.
co/1p11hOZxpe
• https://twitter.com/LWestafer/status/1238767153450549249
Personal
and Social
Messages

Personal stories of COVID-19
experiences and social
engagement between users.

My kids told me tonight that #covid19 is making them anxious and
lonely. Hopeful that distance learning with their classmates will help
this week. But also scared about what next week will look like - for me,
in healthcare, and for them, just trying to be kids.
• https://twitter.com/meganranney/status/1241921191494942720

64
(16.80%)

Okay, gotta shave the beard after all. What style should I keep for
#COVID19
• https://twitter.com/j mugele/status/1238535319529668610
Dear @Cleanly, I used your app for the 1st time last week for
my family’s laundry. I was exhausted from 12-hour shifts seeing
#COVID19 patients so I figured I’d treat myself. I was emailed once
that our laundry is missing. I have no underwear. No one is returning
my calls/emails.
• https://twitter.com/uche_blackstock/status/1247144930579021824

Our results demonstrate that influential EPs on Twitter
are participating in conversations surrounding the COVID-19
pandemic to further clinical practice, spread information,
and relay personal experiences and opinions. They are using
mostly positive or neutral language, although not in a way
that is seen as morale-boosting. These results may provide
guidelines and help enable and encourage EM Twitter users,
particularly those who are influential, to use Twitter to
advance clinical care, increase public awareness, and promote
health initiatives.
LIMITATIONS
We analyzed content from US users only. Similarly,
we limited our sample to English-language tweets. The EM
Twitter community is international and multicultural, and
findings may not be generalizable to this global network.9,18
We chose to focus solely on EPs instead of including other
specialties. This choice may have led to missing significant
themes and messages among the larger medical community
on Twitter. Further, although we updated the list of EM
influencers, it was originally formulated in 2015 and may be
out of date or may not accurately represent current drivers of
discourse in the EM Twitter community. This reflects a lack
of a standardized method of identifying these influencers
in the literature and may warrant the development of a
systematic approach of identification of users for future
Western Journal of Emergency Medicine

research. We were also using Twitter as a surrogate for social
media platforms as a whole. This focus on Twitter may have
excluded discussions and themes unique to other platforms
such as Facebook or Instagram.
Our coding team did not include any avid EM Twitter
users. While this choice lent a more neutral lens to the
data analysis, it may mean that nuances of the EM Twitter
community were not captured in the analysis. As with all
qualitative studies, there is possible inherent bias due to
coding by individuals. To combat this potential bias, we used
a large coding team comprised of individuals with multiple
backgrounds.
The main dataset itself is also a limitation of this study. As
inclusion in the dataset was based on a narrow set of hashtags,
certain themes may have been missed if those exact tags were not
included and tweets with hashtags may not be representative of
tweets in general. For example, the #getmePPE movement made
many headlines in traditional and social media but was present
in only 2.2% of our data set.53,54 This low rate of #getmePPE may
be because tweet authors didn’t routinely include #COVID19 or
the other inclusion criteria in their #getmePPE messages. A small
number of tweets no longer had the quoted content available,
which may have led the coders to mis-categorize the tweet. This
lack of quote content, however, was a rare occurrence and likely
did not significantly affect overall percentages of tweets in each
theme. Lastly, the pandemic is ongoing, and conversations are
716
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ever evolving; themes and emotional content we identified may
no longer be as prevalent.

7. Bendix A. The US’s failed coronavirus response continues to
snowball - even as federal officials insist they’re ‘winning the fight.’
2020. Available at https://www.businessinsider.com/us-failed-

CONCLUSION
During the early weeks of the novel coronavirus
pandemic, influential emergency medicine Twitter users in the
United States delivered mainly positive or neutral messages,
most often pertaining to news stories or information directly
impacting patient care. The majority of these messages led to
engagement by other users in the form of likes and retweets.
This study underscores how EM Twitter influencers can
leverage social media in public health outbreaks to bring
attention to topics of importance.
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Introduction: In 2019 the United States Preventive Services Task Force (USPSTF) released draft
guidelines recommending universal hepatitis C virus (HCV) screening for individuals aged 18-79. We
aimed to assess the efficacy of an emergency department-based HCV screening program, by comparing
screening practices before and after its implementation.
Methods: We performed a retrospective cohort analysis of two temporally matched, 11-month study
periods, corresponding to before and after the implementation of a best practice advisory (BPA). Patients
were screened for anti-HCV antibody (Ab), and positive results were followed by HCV viral load (VL)
testing. The primary implementation outcome was ED testing volume (number of tests performed/month).
The primary screening outcomes were the seroprevalence of anti-HCV Ab and HCV VL. We describe
data with simple descriptive statistics.
Results: The median age of patients was similar between periods (pre: 50 years [interquartile range
[IQR] 34-62], post: 47 years [IQR 33-59]). Patients screened were more likely to be males in the pre-BPA
period (Male, pre: 60%, post: 49%). During the pre-BPA study period, a total of 69,604 patients were
seen in the ED, and 218 unique patients were screened for HCV (mean 19.8 tests/month). During the
post-BPA study period, a total of 68,225 patients were seen in the ED, and 14,981 unique patients were
screened for HCV (mean 1361.9 tests/month). Anti-HCV Ab seroprevalence was 23% (51/218) and 9%
(1340/14,981) in the pre-BPA and post-BPA periods, respectively. In the pre-BPA period, six patients
with a positive anti-HCV Ab level had follow-up VL testing (detectable in three). In the post-BPA period,
reflex VL testing was performed in most patients (91%, 1225/1,340), and there were 563 patients with
detectable VLs, indicating active infection.
Conclusion: Our study shows that using a universal BPA-driven screening protocol can dramatically
increase the number of patients screened for HCV and increase the number of new HCV diagnoses.
[West J Emerg Med. 2021;22(3)719–725.]

INTRODUCTION
There are over two million individuals with chronic
hepatitis C virus (HCV) in the United States (US), making it
Volume 22, no. 3: May 2021

the most common bloodborne infection in the country.1 Due to
downstream consequences of infection, such as cirrhosis and
hepatocellular carcinoma, HCV is responsible for more
719

Western Journal of Emergency Medicine

Universal Screening for HCV in the ED Using Best Practice Advisory
deaths than any other chronic infectious disease in the US.2
With curative treatments now available, a systematic approach
to identifying infected individuals could drastically reduce the
burden of disease.3,4 In 2019, the US Preventative Service Task
Force (USPSTF) released guidelines recommending HCV
screening in all adults aged 18-79 years.5
The emergency department (ED) is often used by
underserved, high-risk populations, making it an important
setting to deliver healthcare services to patients who are not
seen in traditional outpatient settings.6,7 ED-based screening
programs have demonstrated success in screening for other
infectious diseases such as human immunodeficiency virus
(HIV) and hepatitis B virus.6,8 However, due to difficulties
with patient follow-up and linkage to care, using the ED as
a setting for delivery of public health interventions remains
controversial. Previous studies have investigated the role
of the ED in screening for HCV, in both targeted and
nontargeted populations.8-14 However, few studies have
explored the use of an electronic health record (EHR)- based
best practice advisory (BPA) for this end.15
In 2018, the study institution implemented a new HCV
screening protocol that used an EHR-based BPA. We aimed
to assess the utility of this screening protocol, by comparing
screening practices before and after its implementation.
METHODS
Overview
In this study, we characterize the design of the ED HCV
screening program and report implementation and screening
results. This study was approved under exempt status by the
study site’s institutional review board Quality Improvement
Self-Certification Tool.
Study Setting and Population
The study institution was a quaternary referral, academic
health system in northern California. The study ED was a
Level I adult and pediatric trauma center that serves a mixed
urban and rural population, and cares for more than 80,000
patients annually.
Implementation Methods
Stakeholder Engagement
This program is the result of collaboration between the
ED, the Division of Gastroenterology and Hepatology of
the Department of Laboratory Medicine, the local county
health department, and local federally qualified health centers
(FQHC). The program was supported by funding from the
Gilead Sciences, Inc. (Foster, CA) FOCUS program. The
objective was to increase diagnosis of HCV. Pre-implementation
activities included engaging key hospital stakeholders such as
hospital leadership, ED and outpatient clinicians, laboratory
leadership, representatives from information technology (IT),
and local FQHCs. Three months prior to the implementation of
the screening program, structured educational initiatives were
Western Journal of Emergency Medicine
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Population Health Research Capsule
What do we already know about this issue?
Hepatitis C virus (HCV) screening guidelines
recommend screening adults aged 18-79 years. HCV
testing has been explored in the ED but
remains controversial.
What was the research question?
What is the utility of a universal best practice alertbased ED HCV screening program?
What was the major finding of the study?
A universal best practice alert-based ED HCV
screening program drastically increased HCV testing
and diagnosis.
How does this improve population health?
The ED has a high-risk population with HCV
prevalence well above the national average. ED
screening programs could improve diagnosis and
linkage to treatment.

performed for residents, faculty, nurses, and technicians during
faculty and departmental meetings, as well as at pre-shift huddles.
Reflex Laboratory Testing
We developed an onsite pathway to provide antibody
screening with reflex testing for HCV RNA viral load (VL)
among those specimens identified as being HCV Ab
seropositive. A new ED HCV screen with reflex test was created
in the study institution EHR, and implemented alongside
the BPA. Under the new process, when an ED HCV screen
with reflex test was ordered, the Ab screen was performed
using a chemiluminescent immunoassay (Architect i1000,
Abbott Laboratories, Abbott Park, IL) that detects antibodies
in blood specimens. Results are reported in the EHR within
1-3 days. Any positive Ab screen underwent reflex diagnostic
confirmation using an automated HCV RNA (Cobas VL assay
AmpliPrep/TaqMan, Roche Diagnostics, Basel, Switzerland).
The follow-up VL test result was routinely available within four
days after a positive Ab screen.
ED Screening Program Design
All ED patients ≥18 years and born after 1945, who were
having blood drawn for any clinical purpose and who did not
have a positive HCV RNA test result in the EHR, underwent
opt-out HCV screening (Figure 1). Upon entering any laboratory
order into the EHR, a BPA alerted the ED provider (nurse, nurse
practitioner, physician, resident, fellow) that the patient was
eligible for HCV screening. This BPA functioned as both an alert
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Figure 1. Operational model of the hepatitis C screening program in the emergency department.
HCV, hepatitis C; HIV, human immunodeficiency virus; Ab, antibody; BPA, best practice advisory.

and a hard stop for which providers were required to respond to
continue with the order entry. The ED provider could, on behalf
of the patient, accept, or defer testing. If deferred by the nurse, the
BPA would appear again on subsequent phlebotomy orders and
if deferred by the physician, it would not appear for the duration
of the current encounter but would reappear on subsequent ED
visits. On the other hand, if accepted, the BPA generated HCV
screening discharge documentation documenting patient verbal
authorization for testing, and triggered an order in the EHR for
HCV testing and printed labels for specimen collection.
To standardize screening and to comply with ethical
regulations, ED providers followed a script provided on
the BPA advisory. Patients were allowed to refuse testing
after they were informed about the program. Information
about the cost of the test was given upon patient request;
otherwise, a statement about test charges was included in the
patient’s discharge documents and on brochures and posters
throughout the ED. Funding for the laboratory tests was
obtained by charging the patient’s insurance, a billing strategy
employed by similar screening programs and studies.15 There
was not a way to prospectively identify which insurances
would cover the test, so this information was not available
to the provider or the patient to aid in the decision to offer/
accept testing. If a patient requested that their insurance not
Volume 22, no. 3: May 2021

be charged, or they did not have insurance, testing was paid
for by the program grant. Funding for the development of
the laboratory reflex pathway, IT changes to the EHR, and
support for patient care navigators came from the program
grant. Program staff, including two patient navigators,
contacted the patients with results via telephone or in person
depending on a patient’s disposition.
Study Methods
Study Design
We performed a retrospective analysis of two
timematched, 11-month study periods, corresponding to before
and after BPA implementation. We consecutively included
all patients who underwent HCV testing in the ED, in both
the pre- and post-BPA study periods. The pre-BPA study
period was January–November 2018. HCV screening during
the pre-BPA period was clinician-initiated. The BPA was
implemented on November 27, 2018, and was followed
by a one-month transitional period that allowed clinicians
to adjust to using the BPA, as well as to study temporally
matched cohorts. The post-BPA period was January
2019–November 2019. Data were abstracted directly from
the EHR using computer-generated reports. Personnel
responsible for procuring these reports were blinded to the
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hypothesis of the study. Data elements abstracted included
age, gender, race/ethnicity, chief complaint, past medical
history, problem list, substance use history, insurance status,
and results of HCV testing. To prevent duplicate data, only
a patient’s first ED visit where they received HCV testing
was included in our analysis. We stored data in de-identified
datasets, and each patient was given a unique identifier to
maintain patient confidentiality.

Table 1. Patient characteristics by study period.
Pre-BPA
(n = 218)

Post-BPA
(n = 14,981)

50 (34-62)

47 (33-59)

130 (60%)

7,273 (49%)

88 (40%)

7,706 (51%)

White

135 (64%)

8,970 (60%)

0.40

Black

38 (18%)

2,903 (20%)

0.60

Asian

9 (4%)

1,124 (8%)

0.07

30 (14%)

1,784 (12%)

0.34

Characteristic
Age (years)

P-value
0.09

Gender1
Male
Female

<0.001

Race/ethnicity2

Implementation Outcomes
The primary outcome of the ED screening program was ED
testing volume (number of tests performed/month). Secondary
outcomes included the number of BPA fires and the number of
BPA fires that were accepted and resulted in HCV testing.
Screening Outcomes
Screening outcomes included rates of positive HCV Ab
and RNA results (number positive/number tested).
Analysis
We described data with simple descriptive statistics.
Categorical variables were expressed as percentages and
proportions and continuous variables were expressed as means
or medians (Q1-Q3). We used Mann-Whitney U test to compare
continuous variables and Fischer’s exact test to compare
categorical variables. All statistical analyses were performed
using Stata 15.1 (StataCorp LLC, College Station, TX).
RESULTS
Characteristics of Study Subjects
Patient characteristics stratified by study period are
summarized in Table 1. The median age of patients was
similar between periods (pre: 50 years [interquartile
range (IQR) 34-62], post: 47 years [IQR 33-59]). Patients
screened were more likely to be male in the pre-BPA period
(male, pre: 60%, post: 49%). The proportions of patients
within each racial or ethnic category were similar between
study periods.
Implementation Results
During the pre-BPA study period, a total of 69,604
patients were seen in the ED, and 218 unique patients were
screened for HCV (mean 19.8 tests/month). During the postBPA study period, a total of 68,225 patients were seen in the
ED, and 14,981 unique patients were screened for HCV (mean
1361.9 tests/month), representing a 68-fold increase in HCV
screening following BPA implementation. During the postBPA period, the BPA was triggered in 22,490 patients and was
accepted by patients and providers in 14,702 patients (65%).
The BPA was deferred by providers in 61% of non-accepted
BPAs (4,715/7,788) and refused by patients in 15% of
nonaccepted BPAs (1,155/7,788). The reason for BPA
deferment was unknown in 25% of non-accepted BPAs
(1,918/7,778). Most patients in the post-BPA period were
Western Journal of Emergency Medicine
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Mixed/other

Hispanic
34 (17%)
3,351 (23%)
0.05
Age reported as median (Q1-Q3) and analyzed between study
periods using Mann-Whitney U test. Categorical variables reported
as number (%) and analyzed between study periods using Fisher’s
exact test.
1
Gender data missing for two patients in post-BPA period.
2
Race data missing for 6 patients in pre-BPA and 200 patients in
post-BPA group. Ethnicity data (Hispanic vs non-Hispanic) were
missing in 16 patients in the pre-BPA group and 177 patients in the
post-BPA group.
BPA, best practice advisory.

screened via the BPA (BPA-initiated: 98%, 14,702/14,981 vs.
clinicianinitiated: 2%, 279/14,981). A full testing schematic
for the post-BPA period is available in Figure 2.
Screening Results
Anti-HCV seropositivity was high in both periods (pre:
23% [51/218] vs post: 9% [1340/14,981]) (Table 2). In the
pre-BPA period, only 12% (6/51) of patients with a positive
anti-HCV Ab level had follow-up VL testing. Three of these
patients had detectable VLs, amounting to three confirmed
ED diagnoses of HCV in the pre-BPA period. In the postBPA period, reflex VL testing results were available in most
patients (91%, 1225/1340). There were 563 new confirmed
diagnoses of HCV during the post-BPA period, representing a
187-fold increase in diagnoses following BPA implementation.
Ninety-eight percent (551/563) of HCV diagnoses in the postBPA period were made via BPA-initiated testing, and 2%
(12/563) were made via clinician-initiated testing.
Since most patients with a positive HCV Ab test in
the pre-BPA period did not have follow-up VL testing,
the prevalence of HCV in this cohort cannot reliably be
calculated. The prevalence of HCV in the post-BPA period
was 3.8% (563/14,981).
DISCUSSION
The annual number of new cases of HCV is increasing
in the United States.16 This increase has been driven in part
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Figure 2. Hepatitis C virus testing schematic for the post-best practice advisory period.
*Data for unique patients 18 years of age and born after 1945.
**Testing was initiated by physician on the basis of perceived Hepatitis C risk behaviors or clinical manifestations of infection.
EHR, electronic health record; BPA, best practice advisory; ABHCV, antibody-hepatitis C virus.

by the national opioid crisis, which has led to a concomitant
rise in injection drug use, resulting in more chronic HCV
infections in young individuals.17 These individuals comprise
a high-risk population, and are less likely to access primary
care services and are more likely to seek care in acute care
settings.18 As such, the ED could be an important setting to
test individuals for HCV. In this study, we demonstrate that
the implementation of a BPA-based screening protocol in the
ED can increase HCV screening and diagnosis.
Our study population had an unexpectedly high rate
of HCV RNA positivity (post-BPA: 3.8%), representing
a value nearly four-fold higher than the national average
(~1%).19 This suggests that the ED may be a high-yield
setting to screen individuals for HCV. An additional 1342.1
patients/month (pre: 19.8, post: 1361.9) were screened for
HCV after BPA implementation, an increase similar to the
outcome in another study that explored the use of a BPA for
ED-based HCV screening.15 Since the number of patients who
underwent clinician-initiated testing did not drastically
increase between study periods (pre: 218, post: 279), this
suggests that the increase in testing was directly attributable
to the implementation of the BPA. The BPA was accepted
in 65% of patients in which it fired, a much higher rate than
another BPA-based ED screening study that reported a BPA
acceptance rate of 40%.15 This difference in BPA acceptance
rate between studies may possibly be explained by differences
in demographics between study institutions (ie, higher rates of
government-payer insurance [72% vs 61%]), which may have
Volume 22, no. 3: May 2021

influenced providers’ perceptions of a patient’s likelihood to
follow up, and therefore likelihood to accept the BPA.
Unfortunately, as a VL reflex order was not in place
during the pre-BPA period, the prevalence of HCV could not
be calculated for this cohort. However, the seroprevalence
of anti-HCV antibody was 23%, over two-fold higher
than the post-BPA group (9%), and over three-fold higher
than the aggregated prevalence of 19 ED-based studies
Table 2. Hepatitis C virus test results by screening period.
Anti-HCV Ab

Pre-BPA

Post-BPA

N = 218

N = 14,981

P-value
2

Reactive

51 (23%)

1,340 (9%)

Nonreactive

166 (76%)

13,598 (91%)

1 (<1%)

43 (<1%)

Indeterminate
HCV VL

N=6

N = 1,225

Detected

3 (50%)

563 (46%)

Not detected

3 (50%)

662 (54%)

1

<0.001

1.0

Values expressed as percentage (number). Comparisons between
study periods made via Fisher’s exact test.
1
Reflex viral load testing was not performed during the pre-BPA
period. Reflex VL testing was not available for 106 patients in the
post-BPA group who underwent anti-HCV Ab testing.
2
Includes 14,702 patients tested via BPA-initiated testing and 279
patients tested via clinician-initiated testing.
Ab, antibody; BPA, best practice advisory; HCV, hepatitis C virus; VL,
viral load.
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(7.5%).20 This demonstrates that the study institution
services an exceptionally high-risk population. It also
suggests, unsurprisingly, that universal screening may be less
discriminate in screening for HCV, compared to providers
who test patients based on their clinical presentation and risk
factors for infection.
While universal screening may be less selective than
clinician judgment, the increased testing following BPA
implementation led to the identification of 550 more cases
of HCV in a temporally matched 11-month period. This is
commensurate with previous studies that demonstrate that
technology-based infectious disease screening strategies
are more effective than provider-driven protocols, in an ED
setting.10 With HCV testing becoming more affordable and
curative therapy now available, the benefit of early detection
with linkage-to-treatment in individuals with chronic infection
likely outweighs the cost of increased testing.21
To assess the impact of provider bias on screening
practices we compared demographic proportions of screened
individuals before and after the implementation of the BPA.
In the pre-BPA period, individuals tested were more likely to
be male (60%). However, after implementation of the BPA,
patient gender was evenly distributed between males and
females (males: 49%). This suggests that in the absence of a
BPA-driven screening protocol, females may not be offered
HCV screening as often as males.
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Introduction: Our study aimed to determine 1) the association between time spent in the emergency
department (ED) hallway and the development of delirium and 2) the hospital location of delirium
development.
Methods: This single-center, retrospective chart review included patients 18+ years old admitted to
the hospital after presenting, without baseline cognitive impairment, to the ED in 2018. We identified
the Delirium group by the following: key words describing delirium; orders for psychotropics, special
observation, and restraints; or documented positive Confusion Assessment Method (CAM) screen. The
Control group included patients not meeting delirium criteria. We used a multivariable logistic regression
model, while adjusting for confounders, to assess the odds of delirium development associated with
percentage of ED LOS spent in the hallway.
Results: A total of 25,156 patients met inclusion criteria with 1920 (7.6%) meeting delirium criteria.
Delirium group vs. Control group patients spent a greater percentage of time in the ED hallway (median
50.5% vs 10.8%, P<0.001); had longer ED LOS (median 11.94 vs 8.12 hours, P<0.001); had more
ED room transfers (median 5 vs 4, P<0.001); and had longer hospital LOS (median 5.0 vs 4.6 days,
P<0.001). Patients more frequently developed delirium in the ED (77.5%) than on inpatient units (22.5%).
The relative odds of a patient developing delirium increased by 3.31 times for each percent increase in
ED hallway time (95% confidence interval, 2.85, 3.83).
Conclusion: Patients with delirium had more ED hallway exposure, longer ED LOS, and more ED room
transfers. Understanding delirium in the ED has substantial implications for improving patient safety.
[West J Emerg Med. 2021;22(3)726–735.]

INTRODUCTION
Delirium is a common, costly, and devastating condition
affecting up to 50% of hospitalized, older patients1 and incurs
a multibillion dollar financial burden on annual healthcare
expenditures.1,2,3 Delirium is a proponent of iatrogenic
complications, such as falls, infections, and pressure ulcers, that
Western Journal of Emergency Medicine

lead to longer hospital lengths of stay (LOS) and higher rates
of hospital discharge to a skilled nursing facility and long-term
placement.4-9 In addition, its development has been shown to
increase the risk of mortality by 70% in the first six months
after an emergency department (ED) visit.10 Because of these
known deleterious outcomes, delirium prevention, recognition,
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and management have been identified as a national priority with
regard to patient safety and quality of care.
The rates of delirium development can vary depending on
the hospital unit ranging from 6-56% in the general medicine
surgery unit,2 upwards of 81% in the intensive care unit (ICU),8
and 5-17% in the ED.11-14 Prior literature on environmental
risk factors for delirium development has focused on inpatient
settings. Environmental factors such as sensory impairment,15
sleep interruptions,11 and inadequate social interactions with
familiar persons16 have been identified as risk factors on
inpatient floors. However, the environment of the ED has
not been adequately investigated with regard to its effect on
delirium development.
The environmental risk factors identified on inpatient floors
are not only present in the ED but likely amplified. The ED is
particularly associated with an uncomfortable, unfamiliar, and
disorienting environment. In particular to the ED environment,
EDs across the nation often face overcrowding, which
necessitates the treatment of patients in non-treatment areas such
as the hallway.17 Due to inpatient crowding, the boarding of
admitted patients in the ED, typically in the hallway, is another
source of exhaustion of ED resources.17 This trend will appreciate
over time as an increasing number of older adults present to the
ED.18 Persons over the age of 65 are at higher risk of developing
delirium,19-21 which requires an assessment of the impact of the
ED’s environment on the development of delirium.
The ED hallway is a unique hospital setting where patients
are placed while they are under ED care or while they are
admitted and waiting for transfer to a hospital unit. The chaotic
setting of the ED hallway may provide constant, uninterrupted
exposure to the known environmental risk factors that
contribute to the development of delirium. The identification
of the ED hallway is a novel site of research to understand its
role in the development of delirium. The objectives of this study
were to 1) assess the association between time spent in the
ED hallway and delirium development; and 2) determine the
hospital location of delirium development.
METHODS
Study Design and Setting
This was a single-center, retrospective cohort study.
The hospital is a 756-bed, academic, quaternary care center,
verified as a Level I trauma center, with a yearly ED volume of
approximately 90,000 patients. Our health system’s institutional
review board determined that this study qualified as a quality
improvement project, with a waiver of informed consent.
Selection of Participants
We identified all patients 18 years or older presenting to
the ED between January 1–December 31, 2018, who were
subsequently admitted to the hospital. In the hospital studied,
there is no standardized delirium screening, which required us
to use surrogate markers for identifying delirium development.
A preliminary review of the literature as well as of the electronic
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
The emergency department (ED) hallway
has potential for amplification of known
environmental risk factors for the development
of delirium.
What was the research question?
What is the association between time spent
in the ED hallway and the development of
delirium?
What was the major finding of the study?
Patients are 3.31 times more likely to develop
delirium with each percent increase of time
spent in the ED hallway.
How does this improve population health?
The findings emphasize the need to expand
delirium prevention and management in the ED.

health record (EHR) was conducted of patients with and without
an ED discharge diagnosis of delirium (n = 27 and n = 27,
respectively), in order to better understand local EHR delirium
documentation and to determine what criteria could best identify
delirium development. We used previous studies identifying
delirium through retrospective chart reviews as models for the
electronic data query,22-25 and the 54-patient pilot abstraction
sought to validate these methods.
The 54 patients selected for this pilot abstraction were
randomly chosen based off of all patients presenting to the
ED within approximately the previous two years (January 1,
2017–October 30, 2018) at the time the pilot was conducted.
Patients who presented to the ED with an ED diagnosis of
delirium (n = 180) were considered part of the Delirium group
for the pilot; patients with all other ED diagnoses were part of
the Control group. Twenty-seven patients (15%) of this Delirium
group were randomly chosen, and 27 Control patients were
randomly selected. After reviewing the EHR records of 54
patients, including all nursing and physician documentation and
provider orders, we determined delirium development based
on any provider order for delirium management, including
pharmacologic agents, observation orders, and Confusion
Assessment Method (CAM) documentation, which was
corroborated by provider documentation of frequently used key
words identified from prior literature22-25 to describe delirium
symptoms (Table 1).
We omitted from the Delirium group those patients with
orders for delirium management and documentation of delirium
symptoms who also had dementia (indicated by orders for
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Table 1. Metrics used to identify delirium in electronic health record documentation.
EHR metric

Included (≥1 source of delirium management
AND ≥1 key term)

Excluded

Delirium management
Pharmacologic agents orders

Haloperidol
Lorazepam
Quetiapine
Valproate sodium or Valproic acid

Clopidogrel
Donepezil or Aricept

Observation orders

Constant observation
Enhanced supervision
Non-violent non-self-destructive level 1
Restraint
Violent self-destructive level 2 restraint

1 to 1

CAM documentation

Positive

Negative

Key term used to document delirium
symptoms

Agitation
Aggressive
Altered mental status
Alert but confused
Cognitive decline
Dazed state
Cognitive impairment
Delusions
Confusion
Dementia
Delirium
Irritability
Disorientation
Noncompliant
Encephalopathy
Psychosis
Hallucination
Somnolent
Memory loss
Sun-downing
Restlessness
Unresponsiveness
EHR, electronic health record; CAM, Confusion Assessment Method; 1 to 1, one to one observation.

donepezil or documentation of dementia); a stroke (indicated by
orders for clopidogrel); patients who were on a 1:1 observation;
or who had documentation of certain key words indicating altered
cognition (Table 1). Based on the pilot abstraction, these patients
shared in common provider orders for delirium management
and documentation of key words describing delirium symptoms
with Delirium group patients but did not have delirium. Patients
excluded from the Delirium group were also excluded from the
Control group.
To assess delirium development during the hospital stay, we
excluded patients if they presented to the ED with baseline altered
cognition, such as a chief complaint of intoxication, alcohol
or drug withdrawal, altered mental status, suicidal ideations,
or psychological conditions such as delusions, psychiatric
evaluations, dementia, or delirium. These patients were excluded
from both the Delirium and Control groups. The Control group
included all other patients 18 years or older who did not meet
our criteria for delirium and were admitted via the ED in 2018.
We based the final data query for this study on methods from
prior literature,22-25 including methods performed at the site of
this study,24,25 which were validated by a pilot abstraction in
order to represent local practices for delirium management and
documentation of symptoms.

our health system’s EHR. Variables obtained from the electronic
data query included patient demographics, all timestamps
from ED arrival to inpatient discharge, ED bed locations and
timestamps, Charlson Comorbidity Index (CCI), chief complaint,
and admission and discharge diagnoses. We reviewed the
timestamps for orders for medications and observations and for
documentation of positive CAM screening to use as surrogate
markers of delirium to determine at what point delirium
developed during the patient’s hospital course.

Measurements
We performed an electronic data query to extract data from

Analysis
We performed all data analyses using SAS 9.4 (SAS Institute

Western Journal of Emergency Medicine

Outcomes
The primary outcome variable was the development of
delirium. The primary independent variable was the proportion
of time spent in the ED hallway, “% ED hallway time.” We
calculated percent ED hallway time by dividing ED hallway
LOS (the cumulative time a patient spent in a designated
hallway bed location from ED arrival to ED discharge) by ED
LOS (defined as the total time spent in the ED between ED
arrival and ED discharge). We defined ED room transfers as the
total number of times a patient switched bed locations in the ED
during their ED LOS. Hospital LOS, which includes ED LOS,
was equivalent to the time a patient spent from ED arrival to
inpatient/hospital discharge.
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Inc, Cary, NC). Descriptive statistics were used to describe the
study sample. We assessed differences in characteristics between
Delirium and Control patients using Wilcoxon rank-sum or
chi-square tests. To address our first objective, we constructed a
multivariable logistic regression model to assess the independent
association between proportion of time spent in the ED hallway
and development of delirium. We included covariates that
are clinically important or statistically significantly different
between the two groups of patients at baseline. Age is a clinically
significant covariate, and race, CCI, ED LOS, and number of
room transfers were significantly different at baseline between
the Delirium and Control groups; thus, these covariates were
included in the initial multivariable regression model. Covariates
were individually removed from the model starting with the
covariate with the largest P-value. We only retained covariates
that were clinically significant and/or statistically significant at
the P<0.05 level. Adjusted odds ratios, their corresponding 95%
confidence intervals (CI), and type 3 P-values are presented.
To address our second objective we cross-referenced the
time of delirium identification with the patient’s location in the
hospital as documented in the patient’s EHR to determine where
in the patient’s hospital course delirium was identified. The time
of delirium identification was based on the first documented
order time for a pharmacologic agent (lorazepam, quetiapine,
haloperidol, or valproic acid); order time for special observation
(Constant Observation, Enhanced Supervision, Non-Violent NonSelf-Destructive Level 1 Restraint, or Violent Self-Destructive
Level 2 Restraint); or first inpatient-nursing documentation of a
positive CAM screening,26-29 a validated screening tool to assess
delirium symptoms. If the criteria for delirium identification were
met while the patient was in triage, under ED care, or in holding
(inpatient boarding in the ED), then a patient was identified with
delirium in the ED; if the criteria were met while a patient was
admitted into the hospital then the patient was identified with
delirium as an inpatient.
RESULTS
Characteristics of the Study Subjects
As shown in Figure 1, 27,238 patients presented to the ED
and were subsequently admitted to the hospital. Of these patients
2,082 met the eligibility criteria for the Delirium group, and
25,156 met the criteria for the Control group. However, due to
missing timestamp data, 162 patients were excluded from the
Delirium group and 1,401 were excluded from the Control group;
therefore, the analytic sample was comprised of 1,920 patients
in the Delirium group and 23,755 patients in the Control group.
Of the 1,920 patients in the Delirium group, 1,488 (77.5%)
developed delirium in the ED and 432 (22.5%) developed
delirium in the inpatient setting.
As shown in Table 2, patient age, gender, and ethnicity were
not significantly different between the Delirium and Control
groups. However, race and CCI were significantly different
between the two groups. There was a higher proportion of White
patients in the Delirium group compared with the Control group
Volume 22, no. 3: May 2021

(68.5% vs 60.4%) and a higher proportion of patients with a CCI
of 3 in the Delirium group compared with the Control group
(15.1% vs 10.9%).
Main Results
The time of delirium development was most commonly
identified by an order for a pharmacologic agent followed by
observation orders and a positive CAM screen completed by
inpatient nursing staff (Table 3). Of the patients in the Delirium
group, 1,515 (78.9%) received at least one pharmacologic agent,
the most frequently ordered medications being lorazepam (n =
907, 47.2%) and quetiapine (n = 322, 16.8%). Among Delirium
patients, 397 (20.7%) received at least one special observation
order such as “constant observation” (n = 188, 9.8%) and
“enhanced supervision” (n = 168, 8.8%). The least frequently
used measure of identifying or beginning treatment for delirium
was the inpatient CAM screening tool, as only eight (0.4%)
patients in the Delirium group received this assessment (Table 3).
Patients identified with delirium vs those in the Control
group had a greater proportion of their ED stay in the hallway
(median of 50.5% vs 10.8%, P<0.001) (Table 4). The
percentage of patients who developed delirium increased based
on the cumulative hours all patients, both in the Delirium and
Control groups, spent in the hallway (Figure 2). Compared to
the Control group, patients identified with delirium had a longer
ED LOS (median of 11.94 hours v. 8.12 hours, P<0.001), and
had more ED room transfers (median of 5 vs 4, P<0.001) (Table
4). Patients identified with delirium vs those in the Control

Figure 1. Patient flow diagram for study of association between
delirium and emergency department (ED) site of care (data
availability January 1–December 31, 2018).
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Table 2. Sample characteristics.
All patients
(n = 25,675)

Characteristic
Age, years [median (IQR)]

Control
(n = 23,755)

Delirium
(n = 1,920)

71 (57, 83)

71 (57, 83)

70 (54, 85)

Female, n (%)

13,512 (52.6%)

12,502 (52.6%)

1,010 (52.6%)

Male, n (%)

12,163 (47.4%)

11,253 (47.4%)

910 (47.4%)

Gender

P-value
0.118
0.983

Race

<0.001

White, n (%)

15,672 (61.0%)

14,356 (60.4%)

1,316 (68.5%)

Black, n (%)

3,850 (15.0%)

3,608 (15.2%)

242 (12.6%)

Other/Multiracial, n (%)

3,635 (14.2%)

3,404 (14.3%)

231 (12.0%)

1,885 (7.3%)

1,798 (7.6%)

87 (4.5%)

Native American/Alaska Native, n (%)

107 (0.4%)

104 (0.4%)

3 (0.2%)

Unknown, n (%)

526 (2.1%)

485 (2.0%)

41 (2.2%)

Asian, n (%)

Ethnicity

0.891

Not Hispanic or Latino, n (%)

22,741 (88.6%)

21,036 (88.6%)

1,705 (88.8%)

2,837 (11.1%)

2,630 (11.1%)

207 (10.8%)

97 (0.4%)

89 (0.4%)

8 (0.4%)

Hispanic or Latino, n (%)
Unknown, n (%)
Charlson Comorbidity Index

<0.001

0, n (%)

7,423 (28.9%)

6,891 (29.0%)

532 (27.7%)

1, n (%)

3,844 (15.0%)

3,623 (15.3%)

221 (11.5%)

2, n (%)

5,643 (22.0%)

5,201 (21.9%)

442 (23.0%)

3, n (%)

2,887 (11.2%)

2,597 (10.9%)

290 (15.1%)

4, n (%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

5, n (%)

5,878 (22.9%)

5,443 (22.9%)

435 (22.7%)

*P-values derived from Wilcoxon rank-sum test for age and chi-square test for all other variables.

Table 3. Medications and orders used for delirium identification.
Orders for delirium management

n (% of Delirium group) n = 1,920

Medications

1515 (78.9%)

Lorazepam

907 (47.2%)

Quetiapine

322 (16.8%)

Haloperidol

167 (8.7%)

Valproic acid

119 (6.2%)

Bed Orders

397 (20.7%)

Constant observation

188 (9.8%)

Enhanced supervision

168 (8.8%)

Non-violent non-self-destructive level 1 restraint

38 (2.0%)

Violent self-destructive level 2 restraint

3 (0.2%)

Inpatient positive CAM screening
CAM, confusion assessment method.

8 (0.4%)

group had a significantly longer median hospital LOS (5.0
days vs 4.6 days, P<0.001). Patients identified with delirium
had significantly higher CCI scores (P<0.001) (Table 2). In a
multivariable logistic regression model controlling for age, race,
Western Journal of Emergency Medicine

CCI, number of room transfers, and ED LOS, the relative odds
of a patient being identified with delirium increased by 3.31
times for each percent increase in hallway time (95% CI, 2.85,
3.83) (Table 5).
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DISCUSSION
While the ED is associated with an uncomfortable and
potentially deliriogenic environment, there has been a dearth of
studies evaluating delirium development in this unique setting
and, specifically, the ED hallway.30,31 In this study we aimed to
assess the association of delirium development with time spent
in the ED hallway and to determine the hospital location of
delirium development. Overall, we found that greater percentage
of time in the ED hallway, having more ED room transfers,
longer ED LOS, and increased hospital LOS were associated
with delirium development. We also found that the majority
of patients first developed delirium in the ED rather than on
the general wards. Overall, our ED serves an older population,
represented by the median age of both the Delirium and Control
groups (70 and 71, respectively). In our study, patients under
the age of 65 were not excluded as the study sought to identify
the roles the ED hallway and environment held in impacting
delirium development in all patients. Considering that delirium
affects the majority of hospitalized, older adults and leads to
severe outcomes in these patients and that patients 65 years
and older are expected to represent 25% of all ED visits by
2030,18 delirium recognition and management in the ED is fast
becoming an important area of research.
With regard to ED exposure, our study found a significant
association between delirium and ED LOS as well as between
delirium and time in the ED hallway. The nature of a busy
ED potentially amplifies the environmental risk factors for
delirium development, which include the absence of orientation
items (e.g., legible clocks,32,33 reading glasses,32 hearing
aids)30; inadequate access to natural light (lack of windows)11,30
elevated noise level and increased disruptions32, 34, 35; and limited
interactions with familiar persons36 (e.g., family members,
caregivers). Previous studies have found that longer ED LOS
was a contributing factor to the development of delirium. A
minimum of 12 hours of ED exposure has been cited as a strong
predictor for onset of delirium,4,15,37,38 and some studies find it
may be as few as 10 hours.38 In a study by Émond et al, 18% of
patients with a minimum of 12 hours of ED exposure developed

Figure 2. Impact of time spent in the emergency department hallway
on the development of delirium.
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delirium and had subsequently longer median ED and hospital
LOS.4 In another study by Bo et al, the authors found that an ED
LOS of 10 hours or more demonstrated that the risk for incident
delirium approximately doubled.38 These findings underline the
importance of understanding how the ED environment could be
contributing to the development of delirium.
The ED hallway is a unique location within the ED
environment, and it has become a common area to place patients
because of universal overcrowding. Patients are placed in the ED
hallway as they wait for treatment beds to open or for boarding,
waiting for an inpatient bed, such as a geriatric bed or bed with
enhanced observation, to become available. A previous study by
Han et al found that patients were even excluded from delirium
assessments if they were in the hallway because of the high level
of ambient noise that would impede cognitive assessments and
psychiatric evaluations.21 If the ED hallway is preventing the
standard of care from being met, then placing patients in the
hallway places them at a dangerous risk for the development
of delirium. For patients with baseline cognitive impairment
such as dementia who are not able to advocate for their mental
state without the presence of a caregiver, the ED hallway
could put them at risk for even greater harm for delirium.8, 20,
39
To our knowledge, this is one of the first studies to evaluate
the association between time in the ED hallway and delirium
development. Indeed, the ED hallway stands out as an important
and novel ED environmental risk factor for delirium development.
In addition to longer ED LOS and time spent in the ED
hallway, we found that more ED room transfers were associated
with delirium. This association has been shown in literature from
other inpatient settings, where more frequent room transfers on
internal medicine and geriatric medicine units contributed to
delirium development.5, 30 The frequent room transfers would
further harm a person’s ability to orient within their changing
environment.5 This finding furthers the need to ensure stable
hospital environments for patients at risk of developing delirium.
To improve the prevention, identification, and management
of delirium in the ED and the ED hallway, providers will have to
address current barriers to delirium screening. While hypoactive
delirium composes upward of 70% of delirium cases,40-43 a
previous study found a seven-fold risk of under-recognition.44
Nurses tend to use behavior such as cooperation with care as
an indication of cognitive function14, 18; however, hypoactive
delirium presents with psychomotor slowing and passive
presentation, which causes these symptoms to be overlooked and
not identified as symptoms of delirium.34,35 In this study, delirium
was identified if it was treated with pharmacologic agents
and special observation, which would be more characteristic
for patients with symptoms of hyperactive delirium (e.g.,
psychomotor agitation, aggressive behavior, inappropriate
behavior). This results in patients with hypoactive delirium
symptoms being more vulnerable for reduced screening and
symptom management.
In this study, only 0.4% of patients were identified with
delirium based on CAM documentation with the remaining
731
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Table 4. Length of stay comparisons between the delirium and control groups.
Outcome measure
Percent hallway time [median (IQR)]

Delirium
(n = 1,920)

Control
(n = 23,755)

P-value

50.5% (20.6%, 77.8%)

10.8% (0.0%, 59.6%)

<0.001

5.85 (1.94, 11.53)

0.80 (0.00, 6.15)

<0.001

11.94 (7.48, 22.04)

8.12 (5.57, 13.37)

<0.001

5 (4, 5)

4 (3, 5)

<0.001

Hospital LOS, days [median (IQR)]
5.0 (3.0, 8.4)
P-values derived from Wilcoxon rank-sum tests.
ED, emergency department; LOS, length of stay; IQR, interquartile range.

4.6 (2.8, 7.9)

<0.001

ED hallway LOS, hours [median (IQR)]
ED LOS, hours [median (IQR)]
Number of ED room transfers [median (IQR)]

Table 5. Multivariable logistic regression model of the independent association between percent hallway time and development of
delirium (n = 25,675).
Variable

Odds ratio

(95% CI)

P-value

Hallway time, per unit of percent change

3.31

(2.85, 3.83)

<0.001

Age, per year

0.99

(0.99, 1.00)

<0.001

Race

<0.001

White

1.00

(Reference)

Black

0.63

(0.54, 0.73)

Asian

0.51

(0.41, 0.65)

Native American/Alaska Native

0.24

(0.08, 0.77)

Other/Multiracial

0.67

(0.58, 0.78)

Unknown

0.97

(0.70, 1.35)

Charlson Comorbidity Index

<0.001

0

1.00

(Reference)

1

0.91

(0.77, 1.08)

2

1.19

(1.04, 1.36)

3

1.62

1.38, 1.90)

5

1.20

(1.05, 1.38)

Total of number of room transfers, per number

1.22

(1.18, 1.26)

<0.001

ED length of stay, per hours

1.02

(1.02, 1.03)

<0.001

CI, confidence interval; ED, emergency department.

99.6% of delirious patients identified through provider orders
for delirium management including pharmacologic agents and
special observation. Prior research has shown that compared
to researchers, bedside clinicians miss delirium cases in up to
75%20,45 of patients, and compared to psychiatrists, emergency
physicians miss 28% of delirium cases.21 The low usage of CAM,
shown through this study, identifies an area of opportunity to use
other efficient and effective screening tools for delirium. CAM
is the most widely used delirium detection instrument, and it has
been adapted for the ED39 and for family corroboration46 (FAMCAM). Considering that the ED is universally overcrowded and
nursing shortages can limit time committed to delirium screening,
shorter validated screening tools may be preferred. Other
screening tools such as the 4 A’s Test4,35,47 and Nursing Delirium
Western Journal of Emergency Medicine

Screening Scale34,48 have been identified as quick delirium
screening tools that can be used routinely in the ED to improve
screening compliance.
LIMITATIONS
This study is not without limitations. First, because the
time of delirium development was based on the order times for
pharmacologic agents and special observation or time of an initial
positive CAM screening, this provided only an approximate
time of development and patients could have been experiencing
delirium that did not require clinician management. Indeed, our
study likely identified mostly hyperactive delirium and may have
missed hypoactive delirium. As shown in other retrospective
cohort studies, hypoactive delirium is difficult to detect through
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EHR documentation.22
The retrospective nature of this study presents its second
limitation. We excluded patients with chief complaints indicating
baseline-altered cognition in order to exclude patients with
delirium at the time of ED arrival. This method reduced the
number of patients with extant delirium, yet some patients
with extant delirium could have been included considering that
clinicians are known to miss delirium symptoms in patients.20,21,45
The methodology from this study, however, allowed for a larger
sample size. Although there is no standard or validated way
of retrospectively identifying delirium in the ED, we used a
methodology based on those used in four previously published
papers,22-25 including studies performed using our study site’s
EHR,24,25 and we conducted a pilot abstraction to validate the
method used to conduct the electronic data query.
Third, because this was a single-center study it could limit
the generalizability of our results. Other EDs may have unique
factors that contribute to the development of delirium that may
not be reflected in our results. The methodology used for this
study, therefore, would have to be validated to be applicable to
other institutions.
Fourth, because the reason for placement in a hallway bed
is not standardized in the ED, it is possible that patients with
delirium symptoms were placed in the hallway beds to facilitate
observation. Analysis of this relationship, however, indicates
that the majority of the patients in the Delirium group were
placed in the hallway before being identified with delirium, and
delirium was identified in these patients 7.82 hours, on average,
after being placed in the hallway (Supplement 1). For patients
who developed delirium before being placed in the hallway, on
average they developed delirium 5.06 hours before being moved
to a hallway bed (Supplement 1). We interpret this to mean that
hallway exposure precedes the development of delirium, playing
more of a causal role in delirium development than a role in
managing delirium symptoms.
The lack of standardization for bed placement and room
transfers in the ED presents an underdeveloped understanding
for the reason patients are placed in the hallway and transferred
to different rooms. Due to ED overcrowding, this can impact the
placement of patients as the volume and acuities of patients will
continuously fluctuate, impacting placement of patients in a room
compared to a bed in the hallway. This presents a topic to be
assessed in further studies.
Additionally, to assess time spent in the ED hallway, this
study depended on timestamps for room changes, including
hallway bed placements. The documentation of the time of bed
placement is dependent on ED staff entering these times into the
patient’s EHR, which allows for variability due to potentially
delayed documentation. And lastly, inconsistent and limited
identification of delirium in hallway patients could be due to
ED crowding or due to a direct effect of being in a hallway bed.
Because we used a retrospective chart review as our method of
analysis, this discrepancy is difficult to determine and would
require a prospective study to understand the clinical nuances that
Volume 22, no. 3: May 2021

impede the identification of delirium in the hallway. Overall, this
method of identifying delirium requires further investigation.
CONCLUSION
We found a strong association between percentage of
time spent in the ED hallway and delirium development after
controlling for confounding factors in a multivariable logistic
regression model. Greater time spent in the ED, especially the ED
hallway, increases vulnerable patients’ exposure to deleterious
environmental factors identified in prior literature. Given the
high rate of delirium in the ED, education and standardization
of delirium prevention, screening, and management should be
urgently investigated.
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Boarding, the practice of holding patients in emergency
departments (ED) after a decision has been made to admit
them to the hospital,1 is well known to adversely affect patient
care. Multiple investigations have shown that boarding
negatively impacts quality and patient safety outcomes
including mortality,2-7 readmission rate,8 hospital length of
stay,2,5,8,9 and patient satisfaction.10-12 In addition, boarding is
known to be a major contributor to overall ED crowding,13
which also has been demonstrated to have significant negative
impact on quality and safety.13,14 Multiple operational tactics
are known to reduce boarding but, concerningly, adoption
of them has been inconsistent.13,15 Also concerning, ED
boarding appears to be worsening over time, based upon
our unpublished year-over-year review of two large national
ED operations benchmarking databases, the Emergency
Department Benchmarking Alliance and the Academy of
Administrators in Academic Emergency Medicine/Association
of Academic Chairs of Emergency Medicine.16,17
The constellation of boarding having been known to
adversely affect patient care outcomes for over two decades,
inconsistent implementation of tactics known to reduce
boarding, and evidence that boarding may be worsening over
time naturally raises questions of the barriers to improvement.
Chief among these questions is why implementation of
boarding-reduction tactics has not consistently occurred,
despite their clear benefits. In that regard, some experts have
postulated that financial drivers may be at play.18,19
To investigate the potential for financial drivers
contributing to boarding, we performed a systematic review,
pre-registered with PROSPERO (#CRD42016037794). We
reviewed 1185 manuscripts from the past five years, and
while we identified a number of articles that considered
downstream financial implications of ED crowding, only
two investigations studied the financial drivers specific to
boarding. In 2015, Dyas et al created a cost model formula
to estimate the opportunity costs of boarders and the revenue
gained from process improvement changes. Using this model,
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they estimated a $4,000,000 financial benefit by reducing
their average boarding time to below 60 minutes. However,
the model was highly simplified and only considered the
costs associated with a single diagnosis per patient, regardless
of their overall condition and other diagnoses.20 In 2017,
Schreyer and Martin showed that maintaining an admitted
patient in an ED bed cost the hospital twice as much as
an inpatient bed and five times as much as an admissions
holding-unit bed. Notably, this single-center publication
assumed that the admissions holding unit could be added to
their center’s ED without renovation or building costs.21
Drawing valid, generalizable conclusions from just these
two studies is not possible; however, we believe that the paucity
of research in this area is—in and of itself—meaningful. The
bottom line is that there is very little scientific inquiry into the
financial effects of boarding; thus, there remain three mutually
exclusive possibilities, in our view:

736

1) Boarding is financially advantageous for hospitals This has
been postulated by some experts, citing the fact that feefor-service Medicare reimbursements are on average $700
more per elective admission than emergent admissions.22
If this scenario is demonstrably true, it may prompt
consideration of reimbursement reform to incentivize
boarding reduction.
2) Boarding is financially disadvantageous for hospitals
While it may appear that there are revenue incentives for
hospitals to continue to board patients admitted from EDs
based on the $700 difference cited above, we hypothesize
that there are likely significant and disproportionate
cost disadvantages to boarding, potentially masked by
limitations in historical cost accounting practices and
investigational methodologies.23 Recalculating total costs
of boarding care would require modifying these structural
accounting factors. However, uncovering that boarding
is financially disadvantageous would add additional

Volume 22, no. 3: May 2021

Financial Implications of Boarding: A Call for Research

Canellas et al.
incentive beyond the known quality and safety benefits for
hospitals to implement boarding reduction tactics.
3) Boarding is financially neutral for hospitals. It is possible
that there are financial advantages and disadvantages of
boarding that balance each other. If a financially neutral
scenario is demonstrated to be true, the quality and safety
evidence alone should then prompt broader adoption of
boarding-reduction tactics.
Determining which of the above scenarios holds true
will be critical if our society is to address the growing issue
of boarding in a socially and financially responsible manner.
Historically, financial investigations in healthcare have been
challenging due to traditional healthcare cost accounting
methods being highly complex, poorly designed,24 and
fraught with outdated assumptions about the details of care
delivery models. We suspect that this phenomenon is likely
the root cause of the paucity of research uncovered by our
investigation. Nonetheless, promising alternative costing
methodologies exist that may overcome these barriers.
For example, some have proposed an alternative approach
to traditional cost accounting methods known as timedriven activity-based costing (TDABC).25 This structured
methodology, used rarely in healthcare settings but often in
other industries,26 could be employed to calculate resources
consumed by a patient as they progress through care. This
technique holds tremendous potential in boarding-related
financial investigations. Conducting a randomized trial of
boarding has obvious ethical constraints, but leveraging
the fact that boarding naturally varies across patients over
time and within any given institution (even within common
diagnoses) may allow for prospective investigations using
TDABC methodology. Once actual costs are known,
computer simulations could enable further research in this
important area.
Although accurately determining costs of care is likely
the most important component to understanding the financial
implications of boarding, there are some additional financial
factors that also must be considered. Primarily, boarding
patients creates opportunity costs, including ED patients
leaving before being seen and reductions in accepted ED
transfers and ambulance diversion (where still allowed). This
lost revenue also likely extends beyond the ED, as a portion of
these patients would require hospital admission and undergo
surgical procedures. Likewise, there may be opportunity
costs to certain boarding mitigation strategies, such as
reducing elective surgeries and elective medical admissions.
Negative quality outcomes and excess mortality also have
financial costs, and boarding-attributable losses in this realm
are often overlooked. The most effective simulation models
must account for these additional cost dimensions to fully
understand the financial impact of ED boarding.
In conclusion, our recently conducted systematic review
Volume 22, no. 3: May 2021

demonstrated a paucity of published investigations of the
financial impacts of boarding. We believe that this research
void is a significant contributing factor in the persistence,
and possibly worsening, of the practice of boarding in EDs.
Therefore, we suggest an increased focus in this area of
research, using methodologically sound techniques such as
time-driven activity-based costing and computer simulation.
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Introduction: Extreme heat is a significant cause of morbidity and mortality, and the incidence of
acute heat illness (AHI) will likely increase secondary to anthropogenic climate change. Prompt
diagnosis and treatment of AHI are critical; however, relevant diagnostic and surveillance tools
have received little attention. In this exploratory cross-sectional and diagnostic accuracy study, we
evaluated three tools for use in the prehospital setting: 1) case definitions; 2) portable loggers to
measure on-scene heat exposure; and 3) prevalence data for potential AHI risk factors.
Methods: We enrolled 480 patients who presented to emergency medical services with chief
complaints consistent with AHI in Ahmedabad, India, from April–June 2016 in a cross-sectional study.
We evaluated AHI case definition test characteristics in reference to trained prehospital provider
impressions, compared on-scene heat index measured by portable loggers to weather station
measurements, and identified AHI behavioral and environmental risk factors using logistic regression.
Results: The case definition for heat exhaustion was 23.8% (12.1-39.5%) sensitive and 93.6%
(90.9-95.7%) specific. The positive and negative predictive values were 33.5% (20.8-49.0%) and
90.1% (88.5-91.5%), respectively. Mean scene heat index was 6.7°C higher than the mean station
heat index (P < 0.001), and station data systematically underestimated heat exposure, particularly
for AHI cases. Heat exhaustion cases were associated with on-scene heat index ≥ 49°C (odds ratio
[OR] 2.66 [1.13–6.25], P = 0.025) and a history of recent exertion (OR 3.66 [1.30–10.29], P = 0.014),
while on-scene air conditioning was protective (OR 0.29 [0.10–0.85], P = 0.024).
Conclusion: Systematic collection of prehospital data including recent activity history and presence
of air conditioning can facilitate early AHI detection, timely intervention, and surveillance. Scene
temperature data can be reliably collected and improve heat exposure and AHI risk assessment. Such
data may be important elements of surveillance, clinical practice, and climate change adaptation. [West
J Emerg Med. 2021;22(3)739–749.]
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INTRODUCTION
Extreme heat is a significant cause of morbidity and
mortality globally.1–8 Heat poses a threat to human health both
directly, causing acute heat illness (AHI) such as heat exhaustion
and heat stroke, and indirectly, by exerting stress on physiological
systems and exacerbating chronic diseases.9–11 Acute heat illness
results from both exogenous and endogenous heat exposure.
Exogenous exposure to extreme ambient temperature will likely
continue to increase due to the increasing frequency of extreme
heat events and anthropogenic climate change.12,13 However,
endogenous exposure from exertion is also a significant and
increasingly prevalent risk factor.14
Regardless of the exposure pathway, prompt AHI
diagnosis and treatment significantly improve clinical
outcomes.15 Acute heat illness is a clinical diagnosis facilitated
by a high index of suspicion as well as historical and other
data that can help determine exposure to endogenous and
exogenous heat sources. This is particularly important in
the prehospital setting, where diagnostic uncertainty is
high, access to adjunct laboratory and other tests is limited,
and critically important historical data can be gathered.
There is an unmet need to design, test, and evaluate tools to
facilitate the early recognition and treatment of AHI in the
prehospital setting and to facilitate public health surveillance.
This deficit is particularly relevant in India, China, and
other low- and middle-income countries (LMIC), which are
disproportionately impacted by climate change and where
extreme heat poses substantial risk.16–19
In this study we evaluated prehospital AHI diagnostic
tools in Ahmedabad, Gujarat, India, a city experiencing
significant warming including a heat wave in 2010 that led to
more than 1344 deaths – a 43.1% increase over the baseline
mortality rate.9 We conducted an exploratory evaluation of
three tools with the potential to facilitate early recognition
of AHI and more accurate public health surveillance: 1) heat
exhaustion and heat stroke case definitions for identifying
likely AHI cases; 2) portable digital temperature and humidity
data loggers that can be used to measure real-time on-scene
temperature at the time of first responder arrival; and 3)
prevalence data for AHI risk factors contained in prehospital
provider history and physicals (H&P) that can be used to
facilitate early diagnosis. We evaluated the potential utility
of these tools individually and in combination for improving
diagnostic accuracy for AHI in the prehospital setting.

Population Health Research Capsule
What do we already know about this issue?
Climate change is increasing acute heat illness
(AHI) prevalence. Prompt diagnosis is key.
Exposure history is important, but diagnostic
tools are limited.
What was the research question?
Can prehospital data elements facilitate the
early identification of AHI?
What was the major finding of the study?
Prehospital data such as activity history and
scene temperature measurement can improve
rapid AHI diagnosis.
How does this improve population health?
Such data may be important elements for
timely surveillance and treatment as the
disease burden attributable to extreme heat
rises in the setting of climate change.

METHODS
Study Overview
This study, which includes a retrospective and exploratory
diagnostic accuracy evaluation and a cross-sectional analysis,
was conducted between April–June 2016 in Ahmedabad, India.

cities in the country. It is also one of India’s hottest cities, with
summer maximum daily temperatures (Tmax) averaging 45°C
from March–May.9,20–22 Like other industrializing cities in LMICs,
several populations in Ahmedabad have a high risk for heat
illness, including residents of slums and densely populated areas,
individuals with limited access to water and air conditioning, and
laborers in a range of settings.23–26
This study was conducted in partnership with the
Ahmedabad Heat and Climate Study Group and the GVKEmergency Management and Research Institute (EMRI). GVKEMRI is the largest emergency medical services (EMS) provider
in India and has an active research program. The Ahmedabad
Heat and Climate Study Group is comprised of the Ahmedabad
Municipal Corporation, the Public Health Foundation of India,
the Indian Institute of Public Health-Gandhinagar, the Natural
Resources Defense Council, and an international coalition of
academic partners including researchers from the University of
Washington and the Icahn School of Medicine at Mount Sinai,
New York.27,28 Since 2009 the group has developed evidencebased heat preparedness through a heat action plan that combines
forecasting of extreme heat, threshold-based early warnings, and
capacity building of local health professionals, including training
of GVK-EMRI emergency medical technicians (EMT) and their
online medical support.27

Study Setting and Collaboration
Ahmedabad is the sixth largest city in India. It has a
population of 7.2 million people and is among the fastest growing

Study Sample and Data Collection
A flow chart of study enrollment and data collection
is shown in Figure 1. We used a convenience sample of
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Figure 1. Study diagram, including participant enrollment, data collection, and data storage.
GVK-EMRI, GVK- GVK-Emergency Management and Research Institute; H&P, history and physical; EMS, emergency medical
services; METAR, Meteorological Terminal Aviation Routine weather report.

patients who were included if they presented to the GVK
EMRI-operated “108” ambulance service from 8 am - 8 pm
with an eligible chief complaint during the study period and
were served by one of six ambulance duty stations with the
highest historical call volume for AHI. A list of eligible chief
complaints consistent with AHI was developed a priori by the
study team and included chest pain, abdominal pain, shortness
of breath, intoxication, hypertension, hyper- or hypoglycemia,
syncope, dysrhythmia, headache, mental health concerns,
seizures, stroke, altered mental status, fever, and nausea and
vomiting. All trauma activations were excluded from the
study. Patients were enrolled from April 15–June 15, 2016.
We collected exposure and outcome data using a number
of retrospectively and prospectively accessed data streams.
Clinical and demographic data were collected and entered into
an online database by trained research assistants in the GVKEMRI dispatch center. Prospectively, GVK-EMRI research
assistants collected dispatch information; demographics,
including educational attainment, a proxy for health literacy;
and chief complaint data when patients phoned for EMS.
GVK-EMRI prehospital providers then collected history and
physical data using standard H&P methods as well as through
Volume 22, no. 3: May 2021

administration of standardized data collection instruments,
which included questions about possible heat exposures
and heavy physical activity prior to the event (Methods
Supplement); these data were then entered into a passwordprotected and Health Insurance Portability and Accountability
Act-compliant database (REDCap) by the research assistants.
Prehospital provider impressions regarding the need for
emergent cooling and overall clinical impressions were
included in the questionnaire.
We collected environmental data from two sources:
portable data loggers and the Ahmedabad airport weather
station. On-scene temperature and relative humidity (i.e., at
the location of patient pick-up) were measured using portable
data loggers that were attached to the prehospital providers’
stretchers and subsequently transported onto the scene. The
Lascar EL-USB-2-LCD USB Humidity Data Loggers were
developed by Lascar Electronics (Whiteparish, England),
a global company that designs custom-made data logging
tools. Using an internal sensor, the loggers equilibrated with
ambient temperature and humidity in approximately one
minute. Temperature and humidity were automatically logged
every 30 seconds and averaged. To allow for equilibration,
741
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Evaluating the diagnostic accuracy of AHI case definitions
We conducted a retrospective and exploratory diagnostic
accuracy evaluation of case definitions for heat exhaustion
and heat stroke (developed by the study team) using
prehospital provider clinical impressions and the initiation
of cooling in the prehospital setting as a reference standard.
The heat exhaustion case definition included feeling hot
with a complaint of any of the following: nausea, vomiting,
dizziness, weakness, diarrhea, fainting, muscle cramps, hot
and dry skin, hot and diaphoretic skin, or headache. The heat
stroke case definition included a core temperature of at least
38.5°C, with altered mental status (Glasgow Coma Scale
less than or equal to 14, disorientation, seizures, or loss of
consciousness). All temperatures obtained in the axilla were
adjusted upward by 1°C to more accurately reflect internal
(i.e., rectal) temperatures.29
Regarding selection bias and uncertainty, index text
results (i.e., the case definitions) were not available to
prehospital providers in the field; however, the study authors
were not blinded to prehospital provider impressions while
retroactively developing the case definitions. While we did
not conduct sample size calculations, we anticipated a sample
size of 300-600 participants based off of historical EMS
call activity in the area during the summer months. We also
conducted a sensitivity analysis using multiple prevalence
estimates to calculate positive and negative predictive values.
Prevalence estimates were obtained from a previously
conducted prevalence study of self-reported heat-related
symptoms (20.1%) and heat-related illness (11.9%) among
slum dwellers in Ahmedabad.25

only temperature and humidity data timestamped two minutes
after scene arrival were included for analysis. Hourly weather
data (temperature and relative humidity) were also accessed
retrospectively from Ahmedabad’s Meteorological Terminal
Aviation Routine weather report (METAR) station at the
Sardar Vallabhbhai Patel International Airport, which is
geographically surrounded by the city of Ahmedabad. All data
streams were then linked and stored in REDCap, including
EMS activation times, which were linked to the nearest
corresponding METAR station data points.
Prehospital Provider Approach to Recognizing and
Managing Heat Illness
The prehospital providers in this study were EMTs
with basic certification who underwent a rigorous selection
and training process conducted in collaboration with the
Department of Emergency Medicine at Stanford University.
This involved 42 days of training, Basic Life Support and
International Trauma Life Support certification, and refresher
training every six months. All GVK-EMRI prehospital
providers have received specific training for environmental
emergencies including heat exhaustion and heat stroke, use
protocols for identifying and treating heat illness developed
by Stanford Emergency Medicine, and have a high index of
suspicion for AHI and the need for implementing cooling
interventions.
The protocol for AHI outlines signs and symptoms
for heat illness across the spectrum of heat cramps, heat
exhaustion, and heat stroke (including cramps, headache,
fatigue, nausea and vomiting, and, for heat stroke, anhidrosis,
altered mental status, and a temperature over 40°C); and
management priorities including exposure, rapid cooling,
intravenous hydration, and assessment and management of
hypoglycemia and seizures, and transport. Indications for
contacting online medical control include temperature over
40°C or altered mental status. Given the intense heat in
Ahmedabad during the summer season, prehospital providers
are familiar with AHI presentations and experienced in their
management. Lastly, prehospital providers received additional
assistance from qualified online medical control physicians
in real time, and were routinely subject to quality control and
medical audits.
Data Analysis
Data cleaning and statistical analyses were conducted
using Stata/MP 15.1 (StataCorp, College Station, TX), Tableau
Desktop 2019, and Tableau Prep Builder 2019 (Tableau
Software, Seattle, WA). Main outcome measures included
1) test characteristics of AHI case definitions; 2) exposure
assessment comparing on-scene and weather station heat
index means and correlations between the two measures for
the entire sample and AHI cases; and 3) odds ratios (OR)
for AHI risk factors. All analyses used prehospital provider
impressions to identify AHI cases.
Western Journal of Emergency Medicine

Evaluating portable data loggers
Data from portable data loggers were tested to
compare the utility of on-scene vs city-level (i.e., METAR)
heat exposure data in assessing AHI risk. In the past,
meteorological data obtained from airport stations have
been routinely used to characterize exposure in heat-health
studies; however, these may not adequately reflect city-center
conditions.30 To more accurately assess heat exposure we
calculated the heat index, which incorporates both temperature
and relative humidity, using the US National Weather Service
heat index algorithm for both logger and station data.31 We
compared the heat index as measured by the data loggers
with temperature measurements from the airport station and
evaluated the correlation using Spearman’s rho. Unpaired,
one-sided t-tests were used to compare the difference in
the mean heat index between AHI cases and non-cases
(hypothesized to be higher among cases), as diagnosed by
prehospital providers. Subgroup analysis was conducted for
participants with a reported history of recently experienced
exertion, which may confound heat-health relationships. We
also conducted a paired t-test to compare the mean logger heat
index to the mean station heat index, specifically among AHI
cases (as defined by prehospital providers).
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Assessing risk factors and heat-health relationships
We conducted a number of logistic regression models
using each case definition as a dichotomous outcome variable
(i.e., heat exhaustion and heat stroke cases and non-cases)
to better characterize heat-health relationships, ccount for
confounding variables, and identify risk factors for possible
use in a clinical decision-making tool. Models were evaluated
and selected using the chi-square goodness-of-fit test and
Stata’s linktest function, which assesses specification error.
Independent variables in each model included heat exposure
data such as logger and station heat indices, station visibility
(a surrogate for air quality, as air quality data such as daily
particulate matter and ozone levels was not available), and
station wind speed, and variables to distinguish between
exertional and non-exertional heat illness (i.e., a report of
recently experienced heavy labor).32 Given the clinical utility
of thresholds, logger and station heat indices were included
as dichotomous covariates with temperature thresholds ≥
or < 49°C (consistent with previously described heat-wave
temperature thresholds in South Asia), rather than as a
continuous variable.33

Table 1. Study sample (n = 480) demographic, environmental,
and clinical characteristics.
n (%)
Demographic characteristics
Gender
239 (49.8)

Female

241 (50.2)

Age (years)
<1

4 (0.8)

1–5

15 (3.1)

6 - 17

30 (6.3)

18 - 44

202 (42.1)

45 - 64

123 (25.6)

≥ 65

106 (22.1)

Highest level of education

Ethics
Ethics approval was obtained from the Indian Council of
Medical Research (TRC/IEC No. 14/2015), the University
of Washington (#51167), and the Indian Institute of Public
Health, Gandhinagar. A waiver of informed consent was
obtained to access medical records, and all patient information
was de-identified prior to analysis.

None/less than grade 5

237 (49.4)

Primary (up to grade 5)

112 (23.3)

Secondary (up to grade 10)

66 (13.8)

High (up to grade 12)

34 (7.1)

Bachelor’s degree or above

18 (3.8)

Missing

13 (2.7)

Prior medical history

Disclosures
All authors completed the ICMJE uniform disclosure form
at http://www.icmje.org/coi_disclosure.pdf and declare the
following: no support from any organization for the submitted
work; no financial relationships with any organizations that
might have an interest in the submitted work in the previous
three years; and no other relationships or activities that could
appear to have influenced the submitted work.

Alcoholism

2 (0.4)

Cardiovascular disease

8 (1.7)

Diabetes

38 (7.9)

Hypertension

66 (13.8)

Liver disease

1 (0.2)

Renal disease

9 (1.9)

Patient pickup location
Residence

Funding
This work was funded by the National Institutes of Health
(grant number 5R21TW009535-02). The funding source had
no involvement in study design, data collection or analysis,
manuscript writing, or the decision to submit this manuscript
for publication.

439 (91.5)

Indoor public space

4 (0.8)

Outdoor public space

14 (2.9)

Worksite

17 (3.5)

School or college

3 (0.6)

Other

3 (0.6)

Clinical characteristics
Dermatological signs
Skin hot, diaphoretic

21 (4.3)

Skin hot, dry

59 (12.3)

Neurological signs

RESULTS
Demographic, Environmental, and Clinical Characteristics
Study sample characteristics and environmental exposure
data are described in Table 1 (see Figures S1 and S2 for
participant flow diagrams). A total of 480 participants were
enrolled into the study, with 49.8% males and 50.2% females.
The median age was 41.5 years with an age range of 1-95
years. At total of 349 participants (72.71%) reported an
Volume 22, no. 3: May 2021

Male

GCS ≤ 14

48 (10.0)

GCS ≤ 13

37 (7.7)

Body temperature
≥ 38.5°C

112 (23.3)

≥ 40.0°C

47 (9.8)

GCS, Glosgow Coma Scale; C, Celsius.
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Table 1. Continued.
n (%)
Clinical characteristics
Temperature measurement location
Oral

81 (16.9)

Axillary

391 (81.5)

Rectal

1 (0.2)

Not measured

7 (1.5)
Median
[Interquartile range]

On-scene meteorological data
On-scene temperature (°C)

43.0 [40.0 - 45.7]

On-scene relative humidity (%)

29.5 [23.5 - 38.0]

On-scene heat index (°C)

50.2 [45.6 - 54.2]

Station meteorological data
Station temperature (°C)

40.6 [38.1 - 42.1]

Station relative humidity (%)

29.8 [20.8 - 36.1]

Station heat index (°C)
C, Celsius.

44.2 [41.2 - 46.2]

Figure 2. Mean logger heat index and emergency medical services
call volume (n) for each of the six eligible ambulance duty stations
in Ahmedabad, India.

educational attainment of primary school or less, and 21.5%
of participants reported a history of chronic disease. Due
to technological malfunctioning of the data loggers, logger
temperature and relative humidity were collected for 415
and 379 of the 480 participants, respectively, and missing
values were dropped from the analysis. The median logger
and station temperatures for all calls were 43.0°C and 40.6°C,
respectively. The humidity-adjusted logger and station heat
indices were 50.2°C and 44.2°C, respectively. The majority of
individuals in the study (83.96%) reported indoor (vs outdoor)
occupations. Twenty-six individuals (5.4%) reported a history
of recently experienced exertion prior to phoning for EMS.
Mean logger heat indices stratified by ambulance duty call
station ranged from 46.5-52.4°C, and are displayed in a map
in Figure 2. Objective signs and physical exam findings are
described in Table 1. Fifty-nine participants (12.3%) had hot
and dry skin according to prehospital providers. The majority
of participant temperatures were taken in the axilla; when
adjusting for core temperatures, over 100 patients (25.4%) had
core temperatures greater than 38.5°C, and 47 patients (9.8%)
had core temperatures over 40°C. Over 30% of participants
endorsed weakness, nausea, and vomiting, and 28.6% of
participants had a chief complaint of syncope.

heat stroke test characteristics had wide confidence intervals due
to a small number of heat stroke cases (n = 3).
Table 2. Diagnostic accuracy of heat exhaustion case definition using
prehospital provider impressions as reference standard (n = 480).
Value % [95%
Test characteristic
confidence interval]

Evaluation of Case Definitions
The sensitivity, specificity, positive predictive values (PPV),
and negative predictive values (NPV) of the heat exhaustion
case definitions using prehospital provider impressions as the
reference standard are shown in Table 2. The heat exhaustion case
definition had a sensitivity of 23.8 (12.1-39.5), while the heat
stroke case definition sensitivity was 100% (29.2-100.0%). The
Western Journal of Emergency Medicine
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Sensitivity

23.8 [12.1 - 39.5]

Specificity

93.6 [90.9 - 95.7]

Positive predictive value
(2.1%, sample prevalence)

26.3 [13.4 - 43.1]

Negative predictive value
(2.1%, sample prevalence)

92.8 [89.9 - 95.0]

Positive predictive value
(11.9% prevalence)

33.5 [20.8 – 49.0]

Negative predictive value
(11.9% prevalence)

90.1 [88.5 – 91.5]

Positive predictive value
(20.1% prevalence)

48.4 [32.9 – 64.2]

Negative predictive value
(20.1% prevalence)

83.0 [80.5 – 85.3]

True positives

10

False positives

28

True negatives

410

False negatives

32

Total positives, using prehospital provider 42
impressions
Total positives, using case definitions

38
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Evaluation of Data Loggers
A side-by-side comparison of daily logger and station
heat indices is shown in Figure 3, which demonstrates
systematically warmer logger heat indices throughout the
study period and increased variability in logger heat indices at
station heat indices ≥ 45°C.
We evaluated heat index differences between heat exhaustion
cases and non-cases (as determined by prehospital providers)
stratified by measurement modality using one-sided t tests (α
= 0.05) (Table S1). The mean on-scene heat index among heat
exhaustion cases was 1.2°C higher than for non-cases (P =
0.162). When restricting this analysis to patients reporting a
history of recently experienced exertion, the mean on-scene heat
index for heat exhaustion cases was 0.9°C higher than for noncases (P = 0.394). The mean airport station heat index among
heat exhaustion cases was 1.1°C higher than for non-cases (P
= 0.037). The mean station heat index for heat exhaustion cases
remained 0.9°C higher than for non-cases when restricting
the analysis to patients with a history of recently experienced
exertion (P = 0.327). Figure 4 displays the mean logger and
station heat indices for heat exhaustion cases. Using a paired
t-test (α = 0.05), the mean logger heat index was 6.7°C (P <
0.001) higher than the mean station heat index among heat
exhaustion cases, as defined by prehospital providers.

Characterization of Heat-health Relationships
A multivariate logistic regression analysis of risk factors
associated with developing heat exhaustion (as determined by
prehospital provider impressions) is shown in Table 3. The OR
of heat exhaustion among participants with a logger heat index
≥ 49°C was 2.66 times greater than among individuals with
a logger heat index < 49°C (P = 0.025). The OR for a station
heat index ≥ 49°C vs < 49°C was 2.11, but this relationship
was not statistically significant (P = 0.280). Heat exhaustion
cases were also negatively associated with high station
visibility (OR 0.69, P = 0.034) and access to on-scene air
conditioning (OR 0.29, P = 0.024), and positively associated
with a history of recent exertion (OR 3.66, P = 0.014). No
statistically significant associations were found between
demographic characteristics, clinical characteristics, and
patient pick-up location, and these covariates were dropped
from the model. We did not conduct logistic regression
analysis of risk factors associated with developing heat stroke
due to high collinearity and a small sample size.
DISCUSSION
We found a significant disparity between paired logger
(on-scene) and station (METAR) heat indices, with scene
temperatures being systematically warmer. We observed larger

Figure 3. Daily logger (red circles) and station (blue rhombi) heat indices for all study participants.
C, Celsius.
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Figure 4. Mean heat indices (HI) with 95% confidence intervals as measured by loggers (red circles, upper band) and the METAR* station
(blue rhombi, lower band) among individuals with heat exhaustion according to pre-hospital providers.
C, Celsious; METAR, Meteorological Terminal Aviation Routine weather report.

differences for heat stroke cases than for heat exhaustion cases
and smaller differences among AHI cases with a history of
recent heavy exertion. We also observed spatial variability in
logger heat indices at the level of ambulance duty stations.
Taken together, this suggests that station data may not
adequately capture microclimate conditions and on-scene heat
exposures, and that data loggers provide useful information
for exposure assessment in evaluating possible AHI cases,
particularly when there is no history of heavy exertion. Both
on-scene and station HI are higher for heat exhaustion cases
than non-cases, although this relationship was not always
statistically significant.
The observed trend is reinforced by the finding that heat
exhaustion cases were significantly and positively associated
with a logger heat index ≥ 49°C. Altogether we conclude that
scene temperature and relative humidity may have utility
as environmental tests for AHI in the prehospital setting.
Prior studies have identified significant differences between
monitoring station and microclimate data due to on-scene
variability in wind speed and direction, solar radiation, and
Western Journal of Emergency Medicine

humidity, among other factors.34,35 A number of tools have
been developed to measure on-scene heat risk, including
personal temperature loggers and wet bulbs that measure
radiant heat, ambient temperature, wind, and humidity.36–39
However, to our knowledge these have only been used to
measure workplace risk and have not been evaluated in the
context of prehospital medicine.
In the limited case series presented here, a history of
exertion seems to have substantially lowered the temperature
threshold for developing AHI. We also found that access to
air conditioning was negatively associated with a diagnosis of
heat exhaustion. Thus, while scene temperature is important,
it has to be interpreted as part of total heat load, ie, including
both exogenous and endogenous sources: if the patient has a
history of heavy exertion or lives or works in an environment
without an air conditioner, a lower scene temperature and
heat index may be consistent with AHI. Prehospital providers
should also specifically assess for these risk factors when
obtaining patient histories, both on hot days and in areas with
high AHI prevalence.
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Table 3. Multivariate logistic regression analysis of risk factors
associated with developing heat exhaustion, as determined by
prehospital provider impressions (for n = 476 observations, with 4
observations dropped from the model due to missing exposure data).
Odds
ratio

95% confidence
interval

P-value

Station heat index
≥ 49°C a

2.11

[0.54 – 8.22]

0.280

Station wind speed

0.97

[0.92 – 1.03]

0.368

Station visibility

0.69

[0.49 – 0.97]

0.034

Logger heat index
≥ 49°Ca

2.66

[1.13 – 6.25]

0.025

On-scene air
conditioning

0.29

[0.10 – 0.85]

0.024

Exposure to
external heat
sourceb

0.73

[0.26 – 2.08]

0.560

Variable
Station weather data

On-scene environmental
exposures

Behavioral history
Recent history of
3.66
[1.30 – 10.29]
0.014
exertion
a
Re-coded as bivariate heat index thresholds; bExternal heat sources,
such as ovens.

Heat exhaustion cases were also significantly
associated with decreasing station visibility (a surrogate for
air quality), which may support prior evidence that poor air
quality modifies heat-related morbidity and mortality.32,40
While there is conflicting evidence in this area, authors
of the largest study to date to assess effect modification
in heat-mortality relationships found that heat-related
mortality was significantly and positively associated with
increased particulate matter (PM2.5).41 Authors of a recent
meta-analysis of 21 studies found synergistic effects
between high temperature, poor air quality, and nonaccidental and cardiovascular mortality.42 Taken together,
our results add to findings by Tran and colleagues, who
identified a number of AHI risk factors including old age,
working in the sun, and having a pre-existing chronic or
infectious medical condition.25
Our case definition for heat exhaustion had a low
sensitivity of 23.8% and positive predictive value (PPV) of
26.3%, assuming a background prevalence of 11.9%.25 While
this performance was somewhat disappointing, it was not
entirely unexpected given the low sensitivity of similar heat
exhaustion case definitions in the syndromic surveillance
literature. For instance, Berry and colleagues found that an
AHI case definition in New Jersey based on chief complaint
data (incorporating terms such as syncope, dizziness,
weakness, and headache) was 16% sensitive with a PPV
of 40% when using discharge International Classification
Volume 22, no. 3: May 2021

of Diseases, 9th Revision diagnosis codes as a reference
standard.43 Similarly, the current heat syndrome case
definition used for syndromic surveillance in North Carolina
had a sensitivity of 16%.44 Given the small sample size of
participants with heat stroke (n = 3), we were not able to
make significant conclusions regarding diagnostic accuracy
with these data.
LIMITATIONS
Our study had several limitations. First, we relied
on convenience sampling and a relatively small sample
size. This likely underestimated the variability in onscene temperature and the AHI predictive value of risk
factors in the logistic regression analysis. Second, we
relied on a passive data collection process and were not
able to adequately capture and troubleshoot technological
malfunctioning of the data loggers, which resulted in
missing on-scene temperature and relative humidity data.
Third, while our adjustment of participant temperatures
obtained in the axilla were intended to better reflect internal
temperatures, this correction was based on a systematic
review that only included afebrile participants. Fourth, we
were not able to obtain physician-confirmed diagnoses and
relied on prehospital provider impressions for our reference
standards. However, prehospital providers in this area have
been well trained in diagnosis and management of AHI
following our prior efforts to develop a heat action plan in
Ahmedabad.27 Last, there may be an element of selection
bias: prehospital providers were not blinded to the loggers or
heat exposure forms when diagnosing patients with AHI, and
they may have been influenced by their perception of heat at
the location of patient pick-up.
CONCLUSION
Despite these limitations, the findings from our study
clearly suggest that adding additional data to prehospital
evaluations for AHI can improve diagnostic accuracy,
even in a setting with an ambulance service that is highly
attuned to AHI. In particular, scene temperature, a history
of exertion prior to illness onset, and presence of air
conditioning are valuable data points. Collecting data
on scene temperature is feasible and improves exposure
estimation, particularly for patients with AHI. Having a
standing strategy for collecting additional data regarding
activity and scene environment is likely important for
early AHI detection. These practice modifications can
facilitate adaptation to climate change, which is increasing
the frequency and severity of extreme heat events. Our
findings may have particular relevance to other cities in
LMICs with centrally-administered EMS systems and
environmental conditions similar to Ahmedabad’s. Further
studies that evaluate the use of prehospital environmental,
demographic, and clinical data for the early detection of
AHI are warranted.
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Introduction: Thoracic ultrasound is frequently used in the emergency department (ED) to determine
the etiology of dyspnea, yet its use is not widespread in the prehospital setting. We sought to
investigate the feasibility and diagnostic performance of paramedic acquisition and assessment of
thoracic ultrasound images in the prehospital environment, specifically for the detection of B-lines in
congestive heart failure (CHF).
Methods: This was a prospective observational study of a convenience sample of adult patients with
a chief complaint of dyspnea. Paramedics participated in a didactic and hands-on session instructing
them how to use a portable ultrasound device. Paramedics assessed patients for the presence
of B-lines. Sensitivity and specificity for the presence of bilateral B-lines and any B-lines were
calculated based on discharge diagnosis. Clips archived to the ultrasound units were reviewed and
paramedic interpretations were compared to expert sonologist interpretations.
Results: A total of 63 paramedics completed both didactic and hands-on training, and 22 performed
ultrasounds in the field. There were 65 patients with B-line findings recorded and a discharge
diagnosis for analysis. The presence of bilateral B-lines for diagnosis of CHF yielded a sensitivity
of 80.0% (95% confidence interval [CI], 51.4-94.7%) and specificity of 72.0% (95% CI, 57.3-83.3),
while presence of any B-lines was 93.3% sensitive (95% CI, 66.0-99.7%), and 50% specific (95% CI,
35.7-64.2%) for CHF. Paramedics archived 117 ultrasound clips of which 63% were determined to be
adequate for interpretation. Comparison of paramedic and expert sonologist interpretation of images
showed good inter-rater agreement for detection of any B-lines (k = 0.60; 95% CI, 0.36-0.84).
Conclusion: This observational pilot study suggests that prehospital lung ultrasound for B-lines
may aid in identifying or excluding CHF as a cause of dyspnea. The presence of bilateral B-lines
as determined by paramedics is reasonably sensitive and specific for the diagnosis of CHF and
pulmonary edema, while the absence of B lines is likely to exclude significant decompensated heart
failure. The study was limited by being a convenience sample and highlighted some of the difficulties
related to prehospital research. Larger funded trials will be needed to provide more definitive data.
[West J Emerg Med. 2021;22(3)750–755.]
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INTRODUCTION
Shortness of breath is responsible for more than 10% of
non-traumatic emergency medical service (EMS) transports.1
Morbidity is high, with half of these patients ultimately
admitted to the hospital, and a third of those requiring
treatment in intensive care units.1 Distinction between types
of acute pulmonary pathology has important implications for
acute treatment, particularly when congestive heart failure
(CHF) can be more definitively identified. The American
College of Cardiology Foundation and the American Heart
Association recommend early treatment of fluid overload, and
early treatment with diuretics has been associated with lower
rates of in-hospital mortality.2,3
Prehospital medications have been associated with
improved survival in patients with decompensated CHF, while
increased mortality is associated with misdiagnosis.4 Thoracic
ultrasound is frequently used in the emergency department
(ED) to determine the etiology of dyspnea, yet its use is not
widespread in the prehospital setting. Prospective studies of
prehospital cardiothoracic ultrasound are limited and have
tended to focus on determination of cardiac activity and lung
sliding by physician operators.5-9
In this study we sought to investigate the feasibility
of training paramedics in acquisition and assessment of
thoracic ultrasound images in the prehospital environment.
The primary aim was to determine whether assessment
of B-lines by paramedics in the prehospital setting could
identify patients ultimately diagnosed with pulmonary
edema from decompensated heart failure. We also sought to
determine accuracy of B-line interpretation based on image
capture and/or expert determination of B-lines when this
was available.
METHODS
This was a prospective observational study of a
convenience sample of patients being transported by
emergency medical services (EMS) with a chief complaint
of dyspnea. Patients were enrolled when a trained paramedic
was working and had access to one of the shared portable
ultrasound units. Paramedics were instructed to enroll as many
eligible patients as possible.
Participating paramedics were employed by American
Medical Response (AMR) or local fire department-based
EMS services and transported patients to two EDs located
in New Haven, CT. Each EMS agency or fire department
was given two or three portable ultrasound units. Enrolled
paramedics participated in a 90-minute didactic training
session, which included instruction in the use of a portable,
handheld ultrasound device, the Vscan with Dual Probe (GE
Healthcare, Chicago, IL), and basic principles of ultrasound,
techniques to obtain the necessary thoracic views, as well as
review of normal and pathologic video clips. They completed
an identical, nine-question multiple-choice pre- and post-test
during the didactic session.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Thoracic ultrasound is frequently used in the
emergency department (ED) to determine
the etiology of dyspnea, yet its use is not
widespread in the prehospital setting.
What was the research question?
Can paramedics use ultrasound to identify
B-lines in patients ultimately diagnosed with
decompensated heart failure?
What was the major finding of the study?
The presence of bilateral B-lines determined by
paramedics is reasonably sensitive and specific
for the diagnosis of pulmonary edema.
How does this improve population health?
The early diagnosis of pulmonary edema
from decompensated heart failure should
allow for more rapid initiation of pathology
specific treatments.

Paramedics then completed a 2–3 hour supervised handson session using the portable ultrasound device in the ED,
imaging patients presenting with shortness of breath. The goal
of this training session was to perform and interpret normal
and abnormal scans on patients similar to those they could
encounter in the field. During the hands-on sessions, paramedics
were expected to correctly identify positive or negative
findings in at least six patients presenting with undifferentiated
pathology, based on previous competency studies with novice
sonographers.10 Didactic and hands-on sessions were facilitated
and directly supervised by members of the investigatory group,
including fellowship-trained ultrasound and EMS attending
emergency physicians, ultrasound and EMS fellows, and senior
emergency medicine residents.
Patients were eligible for inclusion in the study if they
were aged >18 with the chief complaint of shortness of
breath, and at least one of the following signs or symptoms of
respiratory distress:
1. Respiratory rate > 20 per minute
2. Oxygen saturation < 92%
3. Rales, rhonchi, or wheezing on pulmonary auscultation
4. Increased work of breathing: accessory muscle use,
tripoding, nasal flaring.
5. Reported progression of pedal edema or orthopnea.
Permission to perform the ultrasound in the field
was obtained by the paramedics using a scripted, brief
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verbal consent, with full consent obtained by one of the
study investigators via telephone during the patient-medic
interaction. This study was approved by the investigational
review board of Yale University and the Yale-New Haven
Hospital Center. Patients were enrolled over a 20-month
period at the discretion of the participating paramedics in a
convenience sample based on ultrasound device availability
and patient volume.
All prehospital ultrasounds were performed by
paramedics using a GE Vscan with Dual Probe. In some
cases, EMS physicians were present during EMS transport;
however, they were specifically instructed not to influence or
aid in ultrasound acquisition and interpretation. Paramedics
assessed for B-lines with the phased array probe in the
second or third intercostal space in the midclavicular line of
the right followed by the left anterior chest. Paramedics were
provided with standardized data sheets where they noted the
presence of any B-lines (1-3) or significant B-lines (>3 in
one intercostal space). They were specifically instructed not
to alter patient care based on their ultrasound findings, nor
to delay standard care to perform the ultrasound. Paramedics
were asked to record a clip from each ultrasound view on the
device’s removable disk and note the time and date of the
ultrasound on the data sheet, so that these images could be
matched to the patient for review.
At the conclusion of the study patient charts were
reviewed for discharge diagnosis by a single investigator
(JS) who was blinded to paramedic ultrasound findings and
categorized the discharge diagnosis into CHF/pulmonary
edema, chronic obstructive pulmonary disease/asthma,
pneumonia, or other. Available images were collected from
the ultrasound devices and matched to patient data sheets
based on the image timestamps and the times recorded by the
paramedic. These video clips were reviewed by an emergency
physician (CB) with ultrasound fellowship training (defined
as the “expert sonologist”) for adequacy of image acquisition
and interpretation. Clips that did not definitively visualize the
pleural line were deemed inadequate.
We calculated sensitivity and specificity for the presence
of bilateral B-lines and any B-lines with 95% confidence
intervals (CI) based on discharge diagnosis. Paramedic
interpretations were compared to expert sonologist
interpretations using an unweighted Cohen kappa statistic.
RESULTS
A total of 71 paramedics were enrolled and completed
the didactic training. Of these participants, 60 reported no
prior ultrasound experience and 11 reported prior ultrasound
experience with an average of two estimated total hours using
ultrasound before attending the training session. The average
pretest score was 76.9%, and the average post-test score was
95.8%. After the didactic training, 63 paramedics completed
hands-on training and 22 paramedics performed study
ultrasounds in the field.
Western Journal of Emergency Medicine
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Initially 69 patients were enrolled in the study; three
were excluded due to insufficient identifying information.
Paramedics recorded their assessments for the presence or
absence B-lines in 65 patients. Patient demographics and
clinical characteristics are summarized in Table 1.
Pulmonary edema or CHF was diagnosed in 15 of 65
subjects (23.1%), with any B-lines present in 14 and bilateral
B-lines present in 12 subjects (Table 2). The presence of
bilateral B-lines for diagnosis of CHF yielded a sensitivity of
80.0% (95% CI, 51.4-94.7%) and specificity of 72.0% (95%
CI, 57.3-83.3), while presence of any B-lines was 93.3%
sensitive (95% CI, .0-99.7%) and 50% specific (95% CI, 35.764.2%) for CHF. The positive predictive value of bilateral
B-lines for the diagnosis of CHF was 46.1% (95% CI, 41.051.3%), while the presence of any B-lines yielded a positive
predictive value of 35.9% (95% CI, 32.4-39.5%).
Paramedics recorded 117 clips from 33 patients on the
hand-held ultrasound units; of those images, 63% were
adequate for interpretation. Comparison of paramedic and
expert sonologist interpretations of archived images showed
good inter-rater agreement for detection of any B-lines (k =
0.60, 95% CI, 0.36-0.84).
Table 1. Demographics and clinical characteristics of patients
evaluated by paramedics using a portable device to perform
lung ultrasound.
Characteristic

Value

Age
Average

64 +/- 17 years

Range

19-94 years

Gender
Male

37 (57%)

Female

28 (43%)

Prehospital vital signs
Heart rate

93 +/- 21

Respiratory rate

23 +/- 6

Room air oxygen saturation

92 +/- 5%

Oxygen device
Room air

33 (49%)

Nasal cannula

13 (19.5%)

Non-rebreather mask

13 (19.5%)

CPAP

4 (6%)

No oxygen device recorded

4 (6%)

Discharge diagnosis
COPD or asthma

21 (32.3%)

Congestive heart failure or
Pulmonary edema

15 (23.1)

Pneumonia

5 (7.7%)

Other
24 (36.9%)
CPAP, continuous positive airway pressure; COPD, chronic
obstructive pulmonary disease.
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Other ( n= 24)
6 (25%)
10 (41.6%)
14 (58.3%)
CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease.

paramedic time dedicated to training, and ongoing oversight
of user performance for patient safety. Additional study is
necessary to determine whether paramedic detection of thoracic
pathology can lead to meaningful changes in management
that would justify these costs. It seems probable that earlier
diagnosis and initiation of pathology-specific treatments would
positively impact patient care, although this was outside the
scope of our study. Many of these challenges and costs of
implementing ultrasound usage are likely to decrease in the
future as portable units become more affordable and widespread
ultrasound proficiency among graduating emergency physicians
increases the availability of instructors.

DISCUSSION
This is the first study we are aware of to assess the
feasibility and utility of training paramedics in prehospital
ultrasound for the diagnosis of CHF in the United States
EMS system and the first to use an ultra-mobile device.
These results show that the presence of bilateral B-lines
as determined by EMS is reasonably sensitive and specific
for the diagnosis of CHF, while the absence of any B-lines
makes the diagnosis unlikely. A previous study in Denmark
examining assessment for B-lines in CHF using a larger
laptop-sized device (SonoSite Edge) enrolled 40 patients and
found a sensitivity of 94% for B-lines in the diagnosis of CHF,
concluding that ultrasound could be helpful in excluding CHF,
which is consistent with these results.11
Another study of prehospital, thoracic ultrasound
in medical patients with respiratory distress found that
paramedic-performed pulmonary ultrasound with remote
physician interpretation did not meet the authors’ predefined
standards for feasibility.12 The authors noted that failed
transmission of images contributed to non-feasibility.
Interpretation of point-of-care ultrasound studies by
paramedics would eliminate the need for image transfer
and will likely be a necessary step in making prehospital
ultrasound use feasible. In this study, there was good interrater agreement with the expert sonologist review for the
presence of any B-lines, although notably this assessment was
limited by poor compliance with image archival for review.
While we believe that this study adds to evidence that
motivated prehospital providers can be trained to perform and
obtain useful information that can potentially impact treatment
and patient outcome, conclusions regarding feasibility need to
be tempered by the inconsistent use of ultrasound in this setting.
While 63 paramedics completed training, only 22 ultimately
enrolled subjects, and our overall enrollment was lower than
expected given the duration of the study. Further study is
needed to identify the barriers to ultrasound performance in this
setting and to understand how EMS providers may be more
incentivized to incorporate ultrasound into their practice.
The implementation of ultrasound into an EMS system
requires a significant initial monetary investment, instructor and

LIMITATIONS
This study was limited by relatively low paramedic
participation, low enrollment of eligible patients, logistic
challenges of retrieving and sharing units, and difficulty
recording data and ultrasound images. Prehospital patient
care research is consistently challenging for clinicians,
and this study was no exception.13-14 Generating a steady
enrollment of patients and maintaining paramedic interest
was difficult. Despite 63 paramedics having completed
the didactic and hands-on training, only 22 went on to
perform documented ultrasounds in the field, with 42% of
the 22 paramedics performing only one ultrasound each.
Most patients were enrolled in the first month following
the paramedic training, with only seven paramedics
participating in the study after that point. This inconsistency
may have introduced several biases to the data, including
that ultrasound was likely performed by paramedics who
were more motivated (and thus perhaps more skilled than
average), and that ultrasound may have been performed
when there was more time and the situation was less acute
(ie, less-ill patients). While recent graduates of emergency
medicine residencies are proficient in pulmonary ultrasound
and likely capable of teaching these skills to paramedics,
the results of this study may not be generalizable to smaller
EMS systems without the support of ultrasound fellowshiptrained physicians.
We are unable to confidently suggest that paramedics
retained thoracic ultrasound skills following their training
or routinely used them in their patient evaluations. In
discussions with participating EMS providers, most felt
that ultrasound was useful but noted that difficulty adhering
to study protocols, data collection requiring manual input,
and limited ultrasound device availability were significant
challenges. User interfaces that facilitate input of patient
information, documentation of findings, image archival,
and submission for review would almost certainly increase
the quantity and quality of data collected in futures
studies. Additional research focusing on paramedics’
attitudes regarding the utility of ultrasound would also be
advantageous in determining how to implement sustained
use in prehospital practice patterns.

Table 2. Paramedic interpretation of B-lines compared with
discharge diagnosis.
Any B-lines
bilateral

Any B-lines
present

No B-lines
present

CHF or pulmonary
edema (n = 15)

12 (80%)

14 (93.3%)

1 (6.7%)

COPD or asthma
(n = 21)

5 (23.8)

10 (47.6%)

11 (52.4%)

Pneumonia (n = 5)

3 (60%)

5 (100%)

0 (0%)

Discharge diagnosis
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Average transport times for most patients in our
system are less than 10 minutes, rendering ultrasound study
completion and full documentation of findings difficult. These
short transport times might have also biased paramedics to
enroll less-ill patients requiring fewer interventions affording
the paramedics the time necessary to perform the ultrasound.
Ultrasound may have greater utility in prehospital systems
with longer transport times, where paramedics are engaged in
prolonged patient management, and misdiagnosis leading to
inappropriate treatments is more detrimental. As enrollment
was determined by the paramedics, it is possible that there
was bias toward selecting patients with a clear diagnosis of
CHF or pulmonary edema. In this study, 23% of patients were
discharged with a diagnosis of CHF, which is slightly higher
than the rate of 16% previously cited in studies of patients
presenting to EMS with shortness of breath.1
Of the clips archived, 37% were inadequate for
interpretation. This suggests that obtaining adequate images
in the prehospital setting may be difficult for novice, nonphysician sonographers. This may be partially ascribed to
the paramedics’ training sessions, which focused primarily
on scanning technique, normal findings, and pathology, with
less emphasis on the adequacy of images and the importance
of archiving for review. On several occasions inadequate
images were submitted alongside adequate images for the
same patient; it is possible that some of the inadequate
images were recorded inadvertently by the paramedics.
Ideally, ultrasound units used in the prehospital setting
would allow for wireless transmission of images to an
archiving system with the capability to include ultrasound
interpretations for review. Compliance with image
archival protocol would also be improved by user interface
restrictions that discourage ultrasound use without entering
patient identifiers or saving clips.
Among the logistical challenges of prehospital
ultrasound are device fragility, need for charging, and
the requirement for physical or wireless connectivity.
Advances in portable ultrasound units since the start of
this study (including the second-generation Vscan Extend)
have already resulted in devices that are more amenable
to prehospital use. Many of these devices allow for
remote video guidance in scanning technique and image
acquisition in real time by a more experienced clinician
who is not at the bedside. The advent of capacitive
micromachined ultrasonic transducer-based probes may
also alleviate some of these issues. Production of these
probes is cheaper than their piezoelectric counterparts,
making them more easily obtainable for research purposes
and affordable for EMS agencies.

bilateral B-lines as determined by EMS is reasonably sensitive
and specific for the diagnosis of CHF and pulmonary edema,
while the absence of B-lines is likely to exclude significant
decompensated heart failure. The study was limited by being
a convenience sample and highlighted some of the difficulties
related to prehospital research. Larger funded trials will be
needed to provide more definitive data.

CONCLUSION
This observational pilot study suggests that
prehospital lung ultrasound for B-lines may aid in identifying
or excluding CHF as a cause of dyspnea. The presence of
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Introduction: Our goal was to determine whether implementation of a prescription drug monitoring
program (PDMP) altered emergency department (ED) opioid prescription rates overall and in
patients of different pain severities.
Methods: We conducted this single-center, retrospective review at an academic ED. The study
examined patients discharged from the ED who received opioid prescriptions, before and after the
state’s implementation of a PDMP (August 25, 2016). The monthly rate was a ratio of the patients
given ≥ 1 opioid prescription to the ED patients with a numeric pain rating scale (NPRS) > 0. We
performed an interrupted time series analysis on each demographic.
Results: The overall ED opioid prescription rate decreased from 51.3% (95% confidence interval [Cl],
50.4%-52.2%) to 47.9% (95% Cl, 47.0%- 48.7%). For males, this decreased from 51.1% to 46.7% (P
< 0.0001), while in females it did not significantly change (51.6% to 49.7% [P = 0.0529]). For those
with mild pain, the rate increased from 27.5% to 34.3% (P < 0.0001), while for those with moderate
pain, it did not significantly change (42.8% to 43.5% [P = 0.5924]). For those with severe pain, the rate
decreased from 66.1% to 59.6% (P < 0.0001).
Conclusion: We found that PDMP implementation was associated with an overall decrease in opioid
prescription rates, and that patients with mild pain were prescribed opioids more often while severe
pain patients were prescribed opioids less often. [West J Emerg Med. 2021;22(3)756–762.]

INTRODUCTION
Rates of opioid prescription and opioid-related deaths
in the United States have quadrupled over the past three
decades.1,2 Particularly among the elderly Medicare population,
hospitalizations secondary to opioid overdose have quintupled
from 1993 to 2012.1 Although some studies investigating
opioid prescriptions in the emergency department (ED) show
decreasing trends in recent years, new models expect the opioid
crisis to worsen with the annual number of opioid overdose
Western Journal of Emergency Medicine

deaths projected to increase to 81,700 by 2025 from 33,100
in 2015.3-5 Given the number of opioids being prescribed
by physicians, evidence also demonstrates that prescription
opioid misuse can often result in the downstream use of illicit
opioids, such as heroin.6-10 The concern of illicit drug use, as
well as the misuse of prescription opioids, has brought the
topic of monitoring the distribution of prescription drugs in the
healthcare setting into the limelight.
In analyses of the distribution of opioid prescriptions,
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prescriptions in the ED are often carefully scrutinized.1,11 In a
study that examined the rate of opioid prescribing in a single
hospital, it was found that the highest rate of opioid prescribing
occurred in the ED, with an opioid prescription rate of up to
more than three times that of other hospital departments.1,12-15
Another reason that the ED serves as one of the targets for the
opioid crisis is that pain is the most common chief complaint
and accounts for up to 78% of visits to the ED.16-19 With such a
high rate of pain complaints in the ED leading to higher rates
of opioid prescribing, prescription drug monitoring programs
(PDMP) have become an important tool for emergency
physicians to ensure that they are not over-prescribing opioid
medications and not prescribing opioid medications to patients
seeking to misuse opioids.
With access to the PDMP database, emergency physicians
can acquire information regarding a patient’s past controlled
substance prescriptions and their frequency. Physicians can
then tag individuals who are at high risk for misuse of opioid
prescriptions. The primary objective of the implementation
of PDMPs is to reduce the mortality and misuse of both
prescription opioids and illicit opioids.20 Therefore, it is
important to identify and analyze the regulations and legislation
enacted by each state PDMP to determine the effectiveness of a
PDMP implementation.11,21,22 In Pennsylvania, as of November
19, 2019, the PDMP shares its database with 21 other states
and the District of Columbia.23 Access to other states through
this dynamic and integrated database allows physicians to
ensure that patients who cross interstate borders to fill opioid
prescriptions will still be detected.23
Current literature examining opioid prescription rates after
PDMP implementation fail to show consistent results, likely
due to program variability from state to state.24-29 In addition,
no studies have examined the effect of a PDMP on opioid
prescription rates within pain scale cohorts using interrupted
time series analyses. Therefore, our objective in this study was
to determine whether a PDMP implementation alters ED opioid
prescription rates overall or alters the prescription rates in patients
with different pain severities.
METHODS
Study Design
We conducted this single-center, retrospective review
at an academic, suburban, tertiary ED. The overall study
examined patients discharged from the ED who received
opioid prescriptions that were recorded in the electronic health
record (EHR), before and after the state implemented a PDMP
system. In Pennsylvania physicians are required to query the
PDMP database whenever they are prescribing an opioid or
benzodiazepine. They are also required to query the PDMP if they
believe that the patient may be a high-risk misuser of prescription
drugs. This study was approved by the institutional review board.
Participants/Study Subjects
We retrospectively extracted data from the EHR
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
Despite the seeming downtrend in opioid
prescribing, concern remains for misuse.
What was the research question?
Does implementation of a prescription drug
monitoring program (PDMP) alter ED opioid
prescription rates overall and for patients with
different pain severities?
What was the major finding of the study?
Post-PDMP, opioid prescribing decreased
overall for males and for patients in severe
pain, but increased for those with mild pain.
How does this improve population health?
Given the prevalence of opioid misuse,
implementing a PDMP could potentially
decrease opioid prescribing and thereby also
reduce misuse.

from December 2014–May 2018. Any patient who met
the inclusion/exclusion criteria was included in the study.
Inclusion criteria were as follows: the patient had to have
been triaged and treated by a physician in the ED during the
given timeframe; prescribed at least one opioid prescription at
the end of their visit; discharged directly from the ED; and to
have had a rating greater than zero on the initial numeric pain
rating scale (NPRS). We excluded patients if they arrived to
the ED outside of the timeframe of the study, were admitted to
the hospital for any period of time, had a documented NPRS
of zero, did not have one of the study variables documented
in the EHR, and were not prescribed an opioid at the end of
their visit. A baseline patient total was also extracted from the
EHR for each month of the study with the same inclusion/
exclusion criteria, with the exception of a required opioid
prescription. This data, which served as the denominator in
our primary outcome measure, provided the total number of
ED patients who presented with any level of pain, but were
not necessarily given an opioid prescription at the end of their
visit. In addition, if the same patient visited the ED multiple
times during the study period and met inclusion criteria, they
were considered as separate patients.
Variables/Outcome Measures
We extracted the following data from the EHR: age;
gender; date of encounter; and initial NPRS score (ranges
0-10). Pain scores were separated as follows: 1-4 (mild); 5-6
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(moderate); and 7-10 (severe). These stratifications were based
on a previous study that found these ranges to be the most
accurate for each qualitative measure of pain severity based
on a large-scale community survey.30 We compared monthly
rates of opioid prescriptions by emergency physicians from
December 2014–August 2016 (pre-PDMP) to the rates from
September 2016–May 2018 (post-PDMP). Implementation of
the PDMP in Pennsylvania occurred on August 25, 2016. The
monthly rate was a ratio of ED patients meeting study criteria
given ≥ 1 opioid prescription to those meeting study criteria
with a NPRS > 0. The monthly rate of opioids prescribed, as a
percentage, was the primary outcome measure. The monthly
rate outcome measure was then analyzed overall and between
different pain cohorts, genders, and age groups.

Table 1. Study characteristics of percentage of pain patients in
each cohort.
Number in
Number in
Pre-PDMP
Post-PDMP
Total
cohort
cohort
(n=26,803)
(n=12,058)
(n=14,745)
Gender
61.1%
(n=16,385)

61.4%
(n=7,399)

60.9%
(n=8,986)

Females

38.9%
(n=10,418)

38.6%
(n=4,659)

39.1%
(n=5,759)

Mild (1-4)

29.0%
(n=7,781)

25.3%
(n=3,049)

32.1%
(n=4,732)

Moderate
(5-6)

22.1%
(n=5,922)

21.7%
(n=2,621)

22.4%
(n=3,301)

Severe (7-10)

48.9%
(n=13,100)

53.0%
(n=6,388)

45.5%
(n=6,712)

6.2

6.4

6.3

40.5

40.7

40.4

Pain scale

Statistical Analysis
We performed an interrupted time series analysis to
determine whether the PDMP intervention resulted in a
change in the opioid prescribing rates. The periods before
and after the PDMP implementation constitute the two
segments of the regression model. We used the DurbinWatson statistic to detect auto-correlation. Exploratory
subgroup analyses were performed on gender, age, and
pain score. Descriptive statistics were generated including
means, medians, and standard deviations for continuous
variables; frequency tables and odds ratios were calculated
for categorical variables. We used Pearson’s chi-square
test to compare overall rates before and after the PDMP
implementation. The 95% confidence intervals around
reported estimates reflect 0.025 in each tail, or P values no
higher than 0.05. All analyses were performed with SAS
software, version 9.4 (SAS Institute, Inc., Cary, NC).

Average
NPRS
Mean age (yrs old)

Percent prescribed
49.4%
51.3%
47.9%
opioids
(n=13,239)
(n=6,183)
(n=7,056)
PDMP, prescription drug monitoring program; yrs, years; NPRS,
numerical pain rating scale.

RESULTS
General Characteristics
A total of 27,390 patient ED visits initially meeting
study criteria were extracted from the EHR between the full
time period. Of those, 587 patients were excluded by the
statistician and the principal investigator due to duplicate
reports of the same visit, incomplete data, or incorrectly
documented data. This resulted in 26,803 patient ED visits
meeting study criteria, which were then reviewed. The patients
were then divided into two separate cohorts based on date of
encounter: pre-PDMP (December 2014–August 2016) and
post-PDMP (September 2016–May 2018). Table 1 shows the
gender distribution, mean NPRS, mean age, and proportion
of patients prescribed opioids overall and in the pre- and
post-PDMP periods. As noted in Table 1, a majority of the
patients overall, and in both the pre- and post-PDMP cohorts,
identified as male and reported having severe pain. The overall
mean age was 40.5 years old and the overall average NPRS
was 6.2. Additionally, we found that 49.4% of patients were
prescribed opioids in the selected patient population, with a
decrease from 51.3% pre-PDMP to 47.9% post-PDMP.
Western Journal of Emergency Medicine

Males

Monthly Rate Changes
Table 2 shows the changes observed in ED opioid
prescribing rates from the pre-PDMP period to the postPDMP period in the overall cohort of patients, each gender,
each NPRS cohort, and different age cohorts. Our study
demonstrated a significant decrease in the opioid prescription
rate from 51.3% pre-PDMP to 47.9% post-PDMP. The
opioid prescription rate significantly decreased in males, but
not in females. From pre-PDMP to post-PDMP, the opioid
prescription rate increased significantly for mild pain patients,
decreased for severe pain patients, and did not significantly
change for moderate pain patients. The change in opioid
prescription rate varied when compared within age groups.
The results of the interrupted time series analyses based on
pain cohort and gender can be seen in Figure 1.
DISCUSSION
Some suggest the primary goal of the PDMP is to curb
the opioid epidemic by allowing physicians to detect patients
who may be prescribed opioids too frequently.27-29, 31 At the
very least, a PDMP provides some transparency to the rate of
opioid prescribing. In the current study, the implementation of
the PDMP was associated with an overall significant decrease
in opioid prescription rates in this ED. Furthermore, current
literature estimates that an average opioid prescription from an
ED contains about 16.6 pills.32 Given this data and the 3.4%
decrease in opioid prescriptions after PDMP implementation
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Table 2. Summary of changes in opioid prescription rates pre- and post-implementation of a prescription drug monitoring program.
Pre-PDMP opioid
prescription rate

95% Cl

Post-PDMP opioid
prescription rate

95% Cl

% Change

P-value

51.3%

(50.4, 52.2)

47.9%

(47.0, 48.7)

-3.4%

P < 0.0001

Males

51.1%

(49.9, 52.2)

46.7%

(45.6, 47.7)

-4.4%

P < 0.0001

Females

51.6%

(50.2, 53.1)

49.7%

(48.4, 51.0)

-1.9%

P = 0.0529

Mild (1-4)

27.5%

(25.9, 29.1)

34.3%

(32.9, 35.6)

6.8%

P < 0.0001

Moderate (5-6)

42.8%

(40.9, 44.7)

43.5%

(41.8, 45.2)

0.7%

P = 0.5924

Severe (7-10)

66.1%

(65.1, 67.3)

59.6%

(58.4, 60.7)

-6.5%

P < 0.0001

<18 years old

22.1%

(19.9, 24.2)

23.6%

(21.7, 25.5)

1.5%

P = 0.2946

18-33 years old

49.7%

(48.0, 51.4)

46.4%

(44.9, 48.0)

-3.3%

P = 0.0054

33-48 years old

57.4%

(55.6, 59.1)

53.2%

(51.6, 54.8)

-4.2%

P = 0.0005

48-63 years old

61.1%

(59.2, 63.1)

55.6%

(53.8, 57.4)

-5.5%

P < 0.0001

>63 years old
53.7%
(51.3, 56.1)
52.7%
PDMP, prescription drug monitoring program; CI, confidence interval.

(50.5, 54.9)

-1.0%

P = 0.5348

Overall Rate
Gender

Pain scale

Age

in our study, it can be estimated that 501 fewer opioid
prescriptions and 8322 fewer opioid pills were distributed to
the community after the PDMP implementation in our ED.
Therefore, our findings demonstrate an overall success in
reducing opioid prescription rates that could lead to lessening
the risk of subsequent opioid misuse and overdose deaths.
Ultimately, the PDMP is believed to have a multifaceted
function in diminishing the opioid epidemic. Although the
primary purpose of the PDMP is to curb the number of opioid
prescriptions, current literature has found that the implementation
of the PDMP also increases conscious awareness of physicians
regarding opioid prescribing and aids in identification of
patients with opioid use disorder, allowing for timely referral to
interventional programs.33 Current literature on the effect of the
PDMP on opioid prescribing trends has not shown consistent
results.24-29 Maughan et al conducted a study on the effect of
the PDMP on ED visits involving opioids and found there was
no change in ED visits following PDMP implementation24.
Similarly, McAllister et al and Sun et al conducted studies that
found PDMP implementation did not change opioid prescribing
trends in the ED.25,26 However, similar to our study, other studies
found a decline in the number of opioid prescriptions in the ED
following a statewide PDMP implementation.27-29
The varying trends in each study can likely be attributed
to differing protocols at each institution, contrasting clinical
presentations to each health system, and ultimately varying
state guidelines regarding the use of the PDMP.34 While state
variability cannot be controlled by the institution, the ease of
use at each institution is often a topic of consideration when
exploring how to improve the effect of the PDMP.31 Oftentimes,
information in the PDMP is unorganized or challenging to
analyze during a busy ED workflow.35 In addition, clinician
Volume 22, no. 3: May 2021

training on how to use the PDMP also varies at each institution,
often leaving busy emergency physicians with limited expertise
regarding efficient use and extraction of pertinent data from the
typically external PDMP.36 A new solution to curb some of these
common challenges has been the direct point-of-care integration
of the PDMP into the EHR. This solution bypasses the challenge
of having a separate login mechanism on an external website and
also minimizes the hindrance to ED workflow.34 Such an EHR
integration was found to be effective as the study showed that
58% of physicians prescribed either fewer opioids or smaller
quantities after the integration of the PDMP into the EHR.
In addition, we also found distinct changes in prescribing
habits within different pain cohorts. With the PDMP
implementation, patients experiencing mild pain were
prescribed opioids more frequently while patients with severe
pain were prescribed opioids less frequently. To our knowledge,
no other studies have performed interrupted time series analyses
after PDMP implementation in the ED on mild, moderate, and
severe pain cohorts. Similarly, literature is sparse regarding the
effect of a PDMP implementation on patients presenting with
different pain severities. The changes we noted could have been
due to the fact that patients with severe pain more often present
with chronic pain and, thus, more typically already are being
prescribed opioids in the PDMP. In addition, it has also been
noted in current literature that drug-seeking behavior in the ED
is typically associated with higher reported pain severity on the
NPRS scale.37 Given that patients who are typically chronic
users of opioids have higher pain scale ratings, it is possible
that the implementation of the PDMP made this association
transparent to the physician. Ultimately, our findings regarding
the effect of the PDMP directly on particular pain cohorts could
encourage future discussion and research.
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A						

B

C						

D

E						

F

Figure 1. Interrupted time series analyses for A) Overall; B) mild pain (NPRS 1-4). C) moderate pain (NPRS 5-6); D) severe pain
(NPRS 7-10); E) male patients; F) female patients.
NPRS, numeric pain rating scale.
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We also found that males were significantly less likely to be
prescribed opioids in the ED after PDMP implementation, while
there was no change for prescribing to females. In addition,
we found that all three age cohorts (18-33; 33-48; 48-63)
between ages 18 and 63 years were significantly less likely to
be prescribed opioids in the ED after PDMP implementation.
This differs from other studies that found no differences in
opioid prescribing with regard to age or gender after the
implementation of a PDMP.

the PDMP was associated with an overall significant decrease in
opioid prescription rates in this ED. In addition, we also found
that after the implementation of the PDMP, patients with mild
pain were prescribed opioids more often, while those with severe
pain were prescribed opioids less often.

LIMITATIONS
There are limitations to our study. It is important to note
that it is not possible to attribute the implementation of the
Pennsylvania PDMP as the sole cause for reduction of overall
opioid prescribing trends. The data can only show timedependent correlation, not causation. Given that in the current
study, opioid prescription rates were already downtrending
prior to the studied intervention, it is possible that other factors
may have played a role, including expeditiously increasing
awareness regarding the opioid epidemic and guidelines to
curb it, the release of the US Centers for Disease Control and
Prevention Guidelines for Opioid Prescribing in March 2016,
and institutional changes that may have coincided with the
implementation of the PDMP. Also, because our data relies on
the accuracy of pharmacists and physicians entering data into
the EHR and the PDMP, it is possible that errors occurred in
the process.
The current study also relies on the fact that all patients with
a complaint of pain had a pain score documented in the EHR;
moreover, if a patient did not have a pain score documented,
they were excluded from the study, thereby altering the accuracy
of our opioid prescription rate. Also, although Pennsylvania
requires a prescriber to query the PDMP before prescribing an
opioid, we were not able to capture compliance rates in this
study. It is important to note, however, that at the time of the
study, the institution did not have PDMP data automatically
imported into the patient chart. In addition, as this study was
only conducted at a single hospital in Pennsylvania, it may not
be easily generalizable.
While state and institutional guidelines vary, this study
does provide new data regarding the effect of the PDMP on
specific pain cohorts. It is also important to note that the pain
scores collected were the initial pain score in the ED, which
often coincided with the triage pain scores. Therefore, some
of the ED treatments likely may have improved patients’ pain
during their visits. Lastly, we were unable to analyze specific
medications, and therefore the dosage (ie, morphine milligram
equivalents) and number of pills, that were prescribed to
patients in the ED. This data would have provided important
information that could have aided in targeting the reduction of
certain opioid prescriptions.
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CONCLUSION
Based on this analysis of opioid prescriptions pre- and postPDMP implementation, we found that the implementation of
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Introduction: Natural disasters are increasingly common and devastating. It is essential to
understand children’s health needs during disasters as they are a particularly vulnerable population.
The objective of this study was to evaluate pediatric disease burden after Hurricane Harvey
compared to the preceding month and the same period in the previous year to inform pediatric
disaster preparedness.
Methods: This was a retrospective cross-sectional study of patients seen at pediatric emergency
departments (ED) and urgent care centers (UCC) 30 days before (late summer) and after (early fall)
the hurricane and from the same time period in 2016. We collected demographic information and
the first five discharge diagnoses from a network of EDs and UCCs affiliated with a quaternary care
children’s hospital in Houston, Texas. We calculated the odds of disease outcomes during various
timeframes using binary logistic regression modeling.
Results: There were 20,571 (median age: 3.5 years, 48.1% female) and 18,943 (median age: 3.5
years, 47.3% female) patients in 2016 and 2017, respectively. Inpatient admission rates from the
ED a month after Harvey were 20.5%, compared to 25.3% in the same period in 2016 (P<0.001).
In both years, asthma and other respiratory illnesses increased from late summer to early fall. After
controlling for these seasonal trends, the following diseases were more commonly seen after the
hurricane: toxicological emergencies (adjusted odds ratio [aOR]: 2.61, 95% [confidence interval] CI,
1.35-5.05); trauma (aOR: 1.42, 95% CI, 1.32-1.53); and dermatological complaints (aOR: 1.34, 95%
CI, 1.23-1.46).
Conclusion: We observed increases in rashes, trauma, and toxicological diagnoses in children after
a major flood. These findings highlight the need for more medication resources and public health and
education measures focused on pediatric disaster preparedness and management. [West J Emerg
Med. 2021;22(3)763-768.]

INTRODUCTION
Floods are the most common natural disaster around
the world and are becoming increasingly more frequent and
devastating.1 Studies have reported increases in illness and
Volume 22, no. 3: May 2021

healthcare needs after hurricanes and major floods. A systematic
review and meta-analysis identified drowning, blunt trauma,
toxic exposures, water- and vector-borne illnesses, respiratory
infections, skin infections, exacerbation of chronic non763
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communicable illnesses, and long-lasting psychological distress
after floods.1,2 After Hurricane Katrina in 2005, evacuees at a
shelter in Houston, Texas, received medical care for fever, rash,
gastrointestinal complaints and respiratory infections.3,4 Similar
observations were reported after Hurricane Rita in Louisiana
in 2005.4 These studies highlight the importance of improving
our understanding of the clinical impact of natural disasters,
particularly among vulnerable populations such as children.
Hurricane Harvey made landfall in Southeast Texas on
August 25, 2017. Flooding affected about a third of the state
population and was linked to 94 deaths.5 There are few studies
that solely focus on the health effects of floods on the pediatric
population.6 We aimed to fill this gap in the literature and describe
the burden of disease in children after Hurricane Harvey in
Houston, a major flooding event in one of the largest urban areas
in the United States.
MATERIALS AND METHODS
Patients and Setting
Houston is the fourth largest city in the US, with a population
of 2,325,502 as of July 2018.7 The Greater Houston metropolitan
area covers 9,444 square miles.7 We conducted a retrospective
cross-sectional study of patients seen at all emergency
departments (ED) and urgent care centers (UCC) associated with
a large, quaternary-care children’s hospital in the greater Houston
area from July 26–September 23, 2016 and July 26–September
23, 2017. In 2016, the hospital network had two EDs and six
UCCs and grew to three EDs and eight UCCs in 2017. We
extracted demographic information (age, gender, and address),
health record number, date and location of the encounter, the
first five discharge diagnoses, and disposition from the electronic
health record for each patient. We excluded patients who left
without being seen by a provider.
Diagnosis Code Groups
We converted International Classification of Diseases, 10th
revision (ICD-10) diagnosis codes into ICD-9 diagnosis codes
using the publicly available general equivalence mappings
developed by the Centers for Medicaid and Medicare Services.8
We then grouped ICD-9 diagnosis codes into 21 major
diagnosis groups and 77 subgroups using a published diagnosis
grouping system developed specifically for pediatric EDs.9
Data Analysis
We compared demographic data using Pearson’s chisquared test. For skewed continuous data, we used a nonparametric (Mann-Whitney U test) analysis. We compared
the frequency of each major diagnosis group and subgroup
during the following timeframes: July 26–August 24, 2016
(late summer 2016); August 25–September 23, 2016 (early fall
2016); July 26–August 24, 2017 (late summer 2017, 30 days
before Harvey); and August 25–September 23, 2017 (early fall
2017, 30 days after Harvey). Since Hurricane Harvey occurred
at the end of the summer, a period that coincides with seasonal
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Population Health Research Capsule
What do we already know about this issue?
Natural disasters are increasingly common.
Studies report increases in illness and
healthcare needs in the aftermath, yet few have
focused on pediatric health.
What was the research question?
Our goal was to evaluate pediatric visits after
Hurricane Harvey in Houston, Texas, to inform
disaster preparedness.
What was the major finding of the study?
We found increases in rashes, trauma, and
toxicological diagnoses in children after a
major flooding event.
How does this improve population health?
These findings highlight the need for more
medication resources, as well as public health
and education measures focused on pediatric
disaster preparedness.

changes and the back-to-school period when children tend
to have more respiratory illnesses, we compared illness rates
in the late summer 2016 vs early fall 2016 to obtain baseline
seasonal variation in disease frequency in our population.
We compared disease frequency in our population 30 days
before Hurricane Harvey (late summer 2017) and 30 days after
Hurricane Harvey (early fall 2017). To account for seasonal
variation from year to year, we compared disease frequency in
early fall 2016 vs early fall 2017. ED disposition location was
analyzed for all time periods.
We compared overall patient demographics and clinical
factors to all study timeframes using Pearson’s chi-squared tests
and Kruskal-Wallis test for skewed continuous data (age). Any
co-factor with a P-value < 0.20 (age, gender, race, ethnicity,
insurance status, and encounter location) was considered for
further adjustment in all subsequent models for comparative
purposes. We also analyzed binary comparisons of timeframe
groups between study factors. Comparisons between disease
rates and timeframes were calculated using unadjusted odds
ratios (OR) to provide an effect estimate. Any unadjusted
OR with a P-value < 0.05 was further adjusted using binary
logistic regression and any co-factor with a P-value < 0.20. We
defined statistical significance as P-value < 0.05. Statistical
analysis was conducted using the Statistical Package for the
Social Sciences (SPSS), version 24 (IBM Corp., Armonk, NY).
The study protocol was exempted from informed consent and
approved by our local institutional review board.
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RESULTS
Baseline Seasonal Differences: Late Summer 2016 vs Early
Fall 2016
There were more patients seen in the early fall than in the
late summer: 11,995 vs 8,576 (n = 20,571 total patient visits).
A total of 38,860 individual diagnoses were included in these
analyses: 16,072 in late summer and 22,788 in early fall. ED
inpatient admission and discharge rates were comparable in the
late summer and early fall (Table). In the fall, more children were
seen at UCCs (57.1% vs 52.2%) and were older by one median
year (3.0 vs 4.0). The following diagnosis groups were more
common in early fall as compared to late summer: respiratory
diseases ([adjusted odds ratio] aOR: 1.53, 95% [confidence
interval] CI, 1.42-1.66); ear nose and throat (ENT) /dental/
mouth diseases (aOR: 1.30, 95% CI, 1.22-1.38); neurologic
diseases (aOR: 1.14, 95% CI, 1.04-1.25); asthma (aOR: 1.81,
95% CI, 1.52-2.14); infectious respiratory diseases (aOR: 1.70,
95% CI, 1.46-1.99); infectious nose and sinus disorders/upper
respiratory infection (URI) (aOR: 1.58, 95% CI, 1.41-1.76); and
other respiratory diseases (aOR: 1.34, 95% CI, 1.20-1.50) after
adjusting for age, ethnicity, insurance status, and location (Figure,
Appendix A, and Supplement)
Seasonal Differences Year of Hurricane: Late Summer 2017
vs Early Fall 2017
There were more patients seen in the late summer of 2017
(30 days pre-hurricane) than in the early fall (30 days posthurricane) of 2017: 9,843 (52%) vs 9,100 (48%) (n = 18,943
total patient visits). A total of 34,609 individual diagnoses were
included in these analyses: 17,957 (51.9%) in late summer and
16,652 (48.1%) in early fall. Although age was statistically
significant, with patients seen in early fall older by one median
year, there were no significant clinically relevant differences
between demographic factors and 30-day time intervals (Table).
ED inpatient admission and discharge rates were comparable
in the late summer and early fall. The following diagnoses
were more common after Hurricane Harvey: respiratory
diseases (aOR: 1.32, 95% CI, 1.22-1.44); musculoskeletal and
connective tissue diseases (aOR: 1.17, 95% CI, 1.03-1.34);
ENT/dental/mouth diseases (aOR: 1.16, 95% CI, 1.10-1.23);
asthma (aOR: 1.81, 95% CI, 1.54-2.14), bronchospasm/
wheezing (aOR: 1.73, 95% CI, 1.24-2.42); infectious nose
and sinus disorders/URI (aOR: 1.53, 95% CI, 1.38-1.69); and
infectious respiratory diseases (aOR: 1.22, 95% CI, 1.04-1.43)
after adjusting for age, ethnicity, insurance status, and location
(Figure, Appendix B, and Supplement)
Differences Between Year of Hurricane and Prior Year: Early
Fall 2016 vs Early Fall 2017
There were 21,095 patients seen: 11,995 (56.9%) in the
early fall 2016 and 9,100 (43.1%) in the early fall 2017. A
total of 39,440 diagnoses were included in these analyses:
22,788 (57.8%) in early fall 2016 and 16,652 (42.2%) in early
fall 2017. While the absolute number of patient encounters in
Volume 22, no. 3: May 2021

2017 decreased compared to 2016, a larger proportion of those
encounters took place at UCCs in 2017 than in 2016 (60.8%
vs 57.1%). In the month after Harvey, a higher proportion of
ED patients were discharged home than in the same period the
prior yea. Conversely, the proportion of ED patients requiring
surgical intervention in the month after Harvey doubled
compared to the same period in 2016 (Table). The following
diagnosis groups were more common after Hurricane Harvey
in 2017 than in the same timeframe in 2016: toxicological
emergencies (aOR: 2.61, 95% CI, 1.35-5.05); trauma (aOR:
1.42, 95% CI, 1.32-1.53); skin, dermatologic and soft tissue
diseases (aOR: 1.34, 95% CI, 1.23-1.46); lacerations and
amputations (aOR: 1.78, 95% CI, 1.50-2.11); contusions and
abrasions (aOR: 1.93, 95% CI, 1.59-2.35); and infectious skin
and dermatologic and soft tissue diseases (aOR: 1.34, 95% CI,
1.19-1.51) after adjusting for age, ethnicity, insurance status,
and location (Figure, Appendix C, and Supplement)
DISCUSSION
In this study we compared data from the 30-day period
immediately following Hurricane Harvey to baseline data from
the month and the year before the hurricane. Similar to other
studies, we saw an increase in URIs, asthma exacerbations,
trauma, toxicological emergencies, and skin rashes in the 30
days that followed the hurricane.1-3,6,10-12 Unlike other studies,
we did not detect an increase in water- and vector-borne
illnesses and gastroenteritis.1-3, 10,11 As expected, we saw an
increase in URIs and asthma exacerbations in the early fall
2016, which coincides with the back-to-school period. In early
fall 2016 and 2017, there was a similar increase in the frequency
of asthma exacerbations and URIs. The increased odds of
visiting the ED or UCC for URI or asthma during the 30-day
period after Hurricane Harvey may have been due to exposure
to contaminated flood waters and surfaces. Furthermore, this
trend may have been compounded by the closure of primary
care offices. Another plausible explanation for the nearly
fourfold increase in the odds of children presenting to our EDs
and UCCs with asthma after Hurricane Harvey may have been
that patients were displaced without their asthma medications.
While other studies report increased indoor airborne mold
levels and respiratory illnesses after floods, we were unable to
specifically evaluate the impact of mold in the context of the
current study due to the nature of diagnosis codes.13-16 Due to
the flooding of approximately 200,000 homes and apartment
buildings during Hurricane Harvey in the Greater Houston area,
mold exposure was likely increased in our population.17 Although
the Institute of Medicine reported an association between
exposure to damp environments and high indoor mold levels and
respiratory symptoms in certain populations such as individuals
with asthma or allergies, there is no definitive scientific evidence
of a causal relationship between mold exposure and respiratory
illnesses to date.18
The marked increase in odds of toxicological emergencies
(over double) and trauma (almost double the rate of lacerations)
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Table. Patient demographics in 2016 and 2017, before and after Hurricane Harvey which made landfall on August 25, 2017 (n = 39,514
patient visits).
Late summer 2016
N = 8,576 (21.7%)
N (%) or median
(IQR)

Early fall 2016
N = 11,995 (30.4%)
N (%) or median
(IQR)

Late summer 2017
N = 9,843 (24.9%)
N (%) or median
(IQR)

Early fall 2017
N = 9,100 (23.0%)
N (%) or median
(IQR)

P-valuea

3.0

4.0

3.0

4.0

<0.001

(1.33, 9.0)

(1.56, 10.0)

(1.50, 9.0)

(1.55, 9.0)

Female

4,169 (48.6)

5,725 (47.7)

4,648 (47.2)

4,306 (47.3)

Male

4,407 (51.4)

6,270 (52.3)

5,195 (52.8)

4,794 (52.7)

White

6,154 (77.2)

8,558 (77.0)

7,035 (77.1)

6454 (76.3)

Black

1,389 (17.4)

1,914 (17.2)

1,581 (17.3)

1,528 (18.1)

Asian

399 (5.0)

592 (5.3)

477 (5.2)

436 (5.2)

29 (0.4)

51 (0.5)

35 (0.4)

36 (0.4)

Non-Hispanic

4,486 (55.2)

6,214 (54.6)

5,141 (55.0)

4,623 (53.5)

Hispanic

3,640 (44.8)

5,162 (45.4)

4,198 (45.0)

4,020 (46.5)

Public

3,740 (43.6)

5,107 (42.6)

3,975 (40.4)

3,867 (42.5)

Private

3,317 (38.7)

4,696 (39.1)

3,555 (36.1)

3,061 (33.6)

Self-pay

1,500 (17.5)

2,170 (18.1)

2,268 (23.0)

2,151 (23.6)

19 (0.2)

22 (0.2)

45 (0.5)

21 (0.2)

ED

4,100 (47.8)

5,145 (42.9)

3,676 (37.3)

3,563 (39.2)

UCC

4,476 (52.2)

6,850 (57.1)

6,167 (62.7)

5,537 (60.8)

Discharge

2,977 (72.6)

3,764 (73.2)

2,820 (76.7)

2,768 (77.7)

Admit

1,082 (26.4)

1,302 (25.3)

799 (21.7)

730 (20.5)

13 (0.3)

17 (0.3)

27 (0.7)

24 (0.7)

Age
Gender

0.23

Race

0.84

Other

b

Ethnicity

0.10

Insurance Status

International/other

<0.001

Location

<0.001

ED disposition

Surgery

<0.001

Otherc
28 (0.7)
62 (1.2)
30 (0.8)
a
P-values were calculated using Pearson’s chi-squared test or the Kruskal-Wallis test.
b
Other includes American Indian, Alaskan Native, Native Hawaiian, and other Pacific Islander.
c
Other includes transfers, left against medical advice, left without being seen and death.
IQR, interquartile range; ED, emergency department; UCC, urgent care center.

in the early fall 2017 compared to early fall 2016 reflects
heightened threats to children’s safety and health during major
disasters. Toxicological emergencies and trauma after floods have
been reported in previous studies in the general population.2,15
However, there are special considerations for the pediatric
population. Families with children should be encouraged to seek
safe and early evacuation means when advised and feasible.
Additionally, there is a crucial need for childproofed temporary
accommodations, adult supervision and appropriate childcare
before, during, and after major disasters as caretakers are
busy and preoccupied with securing food, seeking shelter, and
repairing damages.
Multiple factors may have contributed to the decrease in the
Western Journal of Emergency Medicine

41 (1.2)

number of visits after Harvey despite an increased number of
sites. The National Hurricane Center reported that about 40,000
individuals were relocated to shelters across Texas or Louisiana,
which means that many of the children who usually access
care at our facilities might have been temporarily displaced.19
Additionally, many major highways and up to half a million
cars were flooded during Harvey, which would have prevented
families that did not evacuate from visiting our EDs and UCCs.19
Those patients may have sought care in more accessible
facilities such as smaller, freestanding EDs or UCCs, or clinics
that were operating within or near shelters.11,20,21 This possible
explanation is supported by a study from the closest major
metropolitan area that reported an 11% increase in ED visits in
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the Dallas-Fort Worth area in the month following Hurricane
Harvey, with an associated increase in patients who reported
residing in the metro Houston area and presented with chief
complaints that included the words “hurricane,” “Harvey,”
“evacuee,” or “evacuate.”22 A similar decrease in total ED patient
visits at a large county hospital in the metro Houston area in the
four weeks following Hurricane Harvey was noted.23
Conversely, the decrease in percentage of inpatient
admissions in early fall 2017 compared to the same period of
the prior year may reflect the fact that in the immediate period
following Hurricane Harvey, many primary care offices were
closed and families that had access to transportation used our EDs
and UCCs for non-urgent care. Unlike other medical facilities,
our facilities did not incur any physical damage, flooding, or loss
of power during the storm. Our hospital system activated rideout teams that arrived at our various hospitals before the storm;
so, we had appropriate staffing and maintained our usual bed
capacity for inpatient care.
LIMITATIONS
Our study period extends only 30 days after Hurricane
Harvey, so our results are limited and do not reflect the long-term
health effects of this major catastrophic event on the pediatric
population. A few studies highlight the short- and long-term
mental health effects of Hurricane Harvey, and this remains
an important and active research area.11,20,24,25 With such a high
rate of toxicological emergencies and physical trauma in our
study population, it is highly likely that many of those patients

would also be at risk for anxiety, post-traumatic stress disorder,
depression, and other mental health conditions that may not have
been diagnosed in the ED or UCC setting.11,20,24,26,27 Furthermore,
although this study includes over 38,000 patient encounters, it
is limited to one hospital network and does not include patients
who may have sought care in other facilities or may not have had
access to care. While this is a limitation, it is important to note
that our hospital network provides care for nearly two-thirds of
the pediatric population in our metropolitan area.
CONCLUSION
Hurricane Harvey was the second most devastating
flood in US history after Hurricane Katrina in 2005, affecting
hundreds of thousands of families. Such major disasters are
becoming increasingly common in the US and around the
world. This study specifically reports on some of the health
issues children face in the immediate period after a major
flood. Our results highlight the urgent need for more resources
devoted to pediatric disaster-preparedness efforts. Such efforts
should include increased public health campaigns focused on
injury prevention and flood water exposure avoidance aimed
at families with children, stockpiling of pediatric trauma care
equipment and medications, reinforced capability of emergency
medical services and EDs to provide care to pediatric trauma
patients and recognize toxicological emergencies in pediatric
patients. More research is needed on the long-term effects of
major floods on children to inform disaster prevention and
management strategies and policies.

Figure. Emergency department diagnosis groups by year, before and after Hurricane Harvey which made landfall on August 25, 2017.
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Introduction: Unintended pregnancy disproportionately affects marginalized populations and
has significant negative health and financial impacts on women, their families, and society.
The emergency department (ED) is a promising alternative setting to increase access to
sexual and reproductive health (SRH) services including contraception, especially among
marginalized populations. The primary objective of this study was to determine the extent to
which adult women of childbearing age who present to the ED would be receptive to receiving
contraception and/or information about contraception in the ED. As a secondary objective, we
sought to identify the barriers faced in attempting to obtain SRH care in the past.
Methods: We conducted a quantitative, cross-sectional, assisted, in-person survey of
women aged 18-50 in the ED setting at two large, urban, academic EDs between June 2018–
September 2019. The survey was approved by the institutional review board. Survey items
included demographics, interest in contraception initiation and/or receiving information about
contraception in the ED, desire to conceive, prior SRH care utilization, and barriers to SRH.
Results: A total of 505 patients participated in the survey. Participants were predominantly
single and Black, with a mean age of 31 years, and reporting not wanting to become pregnant
in the next year. Of those participants, 55.2% (n = 279) stated they would be interested
in receiving information about birth control AND receiving birth control in the ED if it were
available. Of those who reported the ability to get pregnant, and not desiring pregnancy in the
next year (n = 279, 55.2%), 32.6% were not currently using anything to prevent pregnancy
(n = 91). Only 10.5% of participants stated they had experienced barriers to SRH care in
the past (n = 53). Participants who experienced barriers to SRH reported higher interest in
receiving information and birth control in the ED (74%, n = 39) compared to those who had not
experienced barriers (53%, n = 240); (P = 0.004, 95% confidence interval, 1.30-4.66).
Conclusion: The majority of women of childbearing age indicated the desire to access
contraception services in the ED setting. This finding suggests favorable patient acceptability
for an implementation study of contraception services in emergency care. [West J Emerg Med.
2021;22(3)769–774.]
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BACKGROUND
Despite the decline in unintended pregnancy rates in the
United States over the past decade, unintended pregnancy
remains a significant public health issue.1 According to the US
Centers for Disease Control and Prevention (CDC), factors for
increased risk of unintended pregnancy include the following:
age 18-24 years; non-Hispanic Black; low income (<100%
federal poverty level); less than high school education;
and cohabitation without marriage.2,3 Additionally, unintended
pregnancy has significant negative health and financial
impacts on women, their families, and society.4-8
The decrease in unintended pregnancy rates in the US
has been attributed to increased access and utilization of
contraception.2 This decrease can largely be attributed to
the contraception benefit of the Affordable Care Act (ACA),
which required insurance companies to cover contraception
without a copay.9 After implementation of the ACA we saw
significant increases in contraception utilization and decreases
in pregnancy rates, particularly in patients at highest risk for
unintended pregnancy.10 However, with nearly three million
unintended pregnancies per year,11 the US ranks significantly
higher than many other developed countries.12 Thus, there is
still significant room for improvement.
The emergency department (ED) is a promising
alternative setting to increase access to sexual and
reproductive health (SRH) services including contraception,
especially among marginalized populations.13-18
Emerging evidence has suggested it is feasible to
provide SRH services in the ED.19
A mandatory aspect of translating medical services
from theory into practice (so-called implementation
science, or T2 to T3 translation) requires input from
patients. Given the dearth of literature on the role of SRH
interventions in the ED setting, we conducted a crosssectional survey to assess patients’ receptiveness to accepting
contraception services in the ED. Survey studies are useful
when trying to understand respondents’ opinions,20 such
as in acceptability studies. The primary objective of this
study was to determine the extent to which adult women
of childbearing age who present to the ED would
be receptive to receiving contraception and/or information
about contraception in the ED. As a secondary objective,
we sought to identify the barriers faced in attempting to
obtain SRH care in the past.
METHODS
Study Design
We conducted a quantitative, cross-sectional, assisted, inperson survey of women aged 18-50 in the ED setting. This study
was approved by the institutional review board at our institution.
Participant Recruitment and Data Collection
A convenience sample of participants were recruited
from two large, urban, academic EDs between June 2018–
Western Journal of Emergency Medicine
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What do we already know about this issue?
Unintended pregnancy disproportionately affects
marginalized populations and has significant
negative health and financial impacts.
What was the research question?
Our goal was to determine whether women
presenting to the emergency department (ED)
would be receptive to contraceptive services in
the ED.
What was the major finding of the study?
Most women were interested in accessing
contraception in the ED setting.
How does this improve population health?
Increasing access to contraception in the ED for
patients at higher risk for unintended pregnancy
could help decrease this health inequity.

September 2019. Each ED has approximately 100,000 annual
visits and serves primarily adult patients. (About 85% of visits
at each site are by patients at least 18 years of age.) Eligible
participants were women aged 18-50 who presented to the
ED for any complaint when a research assistant (RA) was
present in the ED. The RAs were volunteers and did not
have a set schedule. While it was feasible to collect data 24
hours per day/seven days per week, the RAs dictated their
own schedules. We excluded participants from the study
if they were intoxicated, exhibiting hostile behavior, nonEnglish speaking, or had a chief complaint of sexual assault
(due to the potential introduction of psychological risk).
Participants were approached and asked to participate in the
study by a RA, after the RA confirmed appropriate timing
with the treating emergency physician or resident. If they
agreed, participants were given a study information sheet,
questions were answered, and verbal consent was obtained.
The RAs then verbally administered the survey to participants,
capturing their responses electronically. The survey took
approximately 10 minutes to complete. No compensation was
provided for participation.
Survey Development
Survey items were developed by an EM resident (NV).
To establish face and content validity, a multidisciplinary
team of content experts from emergency medicine, obstetrics
and gynecology, and pediatric-adolescent medicine, evaluated
the initial survey items. Sequential changes were made to the
instrument based on their discussions. Once the survey design
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was complete, the survey was pilot-tested on five lay family
members of EM residents using a cognitive interviewing
technique21 to identify issues with timing, wording, and skip
patterns. We used feedback from these sessions to revise
the survey. Once approved by the research team, the survey
was ready for dissemination. The survey was transferred
to an electronic data capture system (REDCap, Vanderbilt
University, Nashville, TN); the complete survey is provided in
the supplemental appendix.

difficulty finding a clinic; difficulty making an appointment;
difficulty getting to an appointment; difficulty affording the
visit; difficulty affording birth control, medications, etc;
receiving criticism or judgment from clinic/staff/doctors/etc;
and other.
Sample size and data analysis
A target sample size of 500 participants was determined
to represent our ED population with a 95% confidence
interval and 5% margin of error. We analyed data with
SPSS Statistics 26 (IBM Corporation, Armonk, NY)
using descriptive statistics and chi-squared analyses. Due
to the nature of our data collection methods, there was <1%
missing data.

Measures
Demographics
Demographic questions included race, ethnicity, education,
employment status, student status, and relationship status.
Acceptability
Acceptability of receiving contraception and/or
information about contraception in the ED was measured by a
single, multiple-choice question, “Would you be interested in
receiving information about birth control or getting birth control
in the ED if it was available?” Participants were given five
choices: 1) yes, receive birth control and information; 2) yes,
receive information only; 3) no; 4) unsure; and 5) other. To get a
better understanding of the context of the participants’ answers
we asked additional questions around the participants’ current
desire/ability to become pregnant and current contraceptive
choices. Examples of these questions include the
following: “Would you like to become pregnant in the next
year?” with the options of 1) yes, 2) no, and 3) unsure; and
“Are you currently using anything to prevent pregnancy?” with
the options of 1) intrauterine device (IUD), 2) contraceptive
implant, 3) injectable birth control, 4) birth control pills,
5) patch, 6) vaginal ring, 7) condoms, 8) withdrawal, 9) natural
family planning, 10) abstinence, and 11) other.

RESULTS
A total of 505 patients participated in the survey. Participants
were predominantly single (n = 276; 54.7%) and Black (n = 240;
47.5%) with a mean age of 31 years (Table). Most (n = 471,
93%) of our participants were sexually active and the majority
(n =2 79, 55.2%) also reported not wanting to become
pregnant in the next year. Only 7.2% (n = 36) of participants
reported primarily using the ED for SRH care needs, with an
additional 12.3% (n = 62) of participants stating they did not go
anywhere to seek SRH care.
Table. Demographics of female patients who participated in a
survey regarding access to sexual and reproductive healthcare.
Demographics
Age
Race

Sexual and reproductive health care
Where participants sought SRH care was determined by
a single, multiple-choice question, “Where do you currently
seek care for things like birth control, STIs, pap smears,
or other GYN health issues?” Participants were given nine
response items, with the option to choose more than one
item: primary care physician; gynecologist; each ED used in
this study listed separately; other ED, Planned Parenthood;
institution-affiliated outpatient clinic; other outpatient clinic;
and nowhere.
Barriers
We assessed barriers with two multiple-choice questions;
the first question was “Have you had any difficulty getting
care for things like birth control, STIs, pap smears, or
other GYN health issues?” Participants were given yes/
no response options. This question was followed up with,
“What difficulties have you had?” Participants were given
seven options, with the choice to select more than one option:
Volume 22, no. 3: May 2021

Range

Mean

18-55

30.7

n

%

Black

240

47.5

White

204

40.4

Other

40

7.9

More than one race

9

1.8

Asian

3

0.6

American Indian or Alaskan Native

2

0.4

Missing

7

1.4

Not Hispanic or Latinx

425

84.2

Hispanic or Latinx

56

11.1

Missing

24

4.8

Some high school

79

15.6

High school/GED

230

45.5

Some college

113

22.4

College

51

10.1

18

3.6

Ethnicity

Highest level of education

Advanced degree
GED, General Education Development
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n

%

Trade school

13

2.6

Missing

1

0.2

Single

276

54.7

Married

97

19.2

Partnered

75

14.9

Cohabitating

23

4.6

Separated

17

3.4

Divorced

16

3.2

Widowed

1

0.2

Yes

71

24.4

No

279

55.2

Can’t get pregnant

123

24.4

Unsure

32

6.3

200

39.6

Outpatient clinic

116

23

Gynecologist

101

20

Nowhere

62

12.3

Emergency department

36

7.2

Planned parenthood

28

5.5

Information and contraception

279

55.2

No information or contraception

187

37

Information only

37

7.3

Relationship status

Figure. Percentage of contraception use by method in
participants with the ability to get pregnant (N = 215). (Participants
could choose more than one option; thus, the total is > 100%.)

Desire for pregnancy in the next year

Site of usual SRH care
Primary care physician

Interest in contraception in the ED

Unsure
2
0.4
SRH, sexual and reproductive health; ED, emergency department.

Overall, 55.2% of participants (n = 279) stated they would
be interested in receiving information about birth control AND
receiving birth control in the ED if it were available. Another
7.3% (n = 37) reported wanting information only.
Of participants who self-reported having the ability
to get pregnant (n = 382, 75.6%), 56.3% (n = 215) were
currently using contraception. Participants were most likely
to report using only condoms (n = 40; 10.4%), followed by
abstinence (n = 36, 9.4%). Only 23.3% (n = 89) were using a
form of long-acting reversible contraception (LARC): IUD (n =
34, 8.9%); implant (n = 30, 7.9%); or injectable (n = 25, 6.5%).
The Figure reports a complete account of contraceptive use in
participants with the ability to get pregnant.
Of the participants who reported the ability to get
pregnant, and also not desiring pregnancy in the next year
(n = 279, 55.2%), 32.6% were not using anything to prevent
pregnancy at the time of the survey (n = 91). Furthermore,
Western Journal of Emergency Medicine

an additional 20.4% (n = 57) were using only condoms and
6.1% (n = 17) were using only the withdrawal method to
prevent pregnancy. Similar to the overall sample, 56.6% of
these participants stated they would be interested in
receiving information about birth control and starting or
changing their contraceptive method in the ED if it were
available (n = 158).
When asked about barriers to obtaining SRH care, only
10.5% of participants stated they had experienced barriers
to care (n = 53). The most common stated barriers to SRH
were the following (in descending order): affording birth
control (n = 22; 41.5%); affording the visit (n = 17; 32.1%);
difficulty making an appointment (n = 16; 30.2%); finding a
clinic (n = 15; 28.3%); getting to the appointment (n = 15;
28.3%); and receiving criticism or judgment from the staff/
doctors (n = 8; 15.1%). Of the participants who experienced
barriers to SRH care, 73.6% reported interest in receiving
information about birth control and receiving birth control
in the ED if it were available (n = 39). Participants who
experienced barriers to SRH services reported higher
interest in receiving information and birth control in the ED
(74%, n = 39) compared to those who had not experienced
barriers (53%, n = 240); (P = 0.004, 95% confidence
interval, 1.30-4.66).
In a post hoc fashion we compared interest in ED
contraception initiation between participants who were
high risk for unintended pregnancy according to the CDC
definition3 to those who were not in a high-risk group.
We found increased rates of acceptability in participants
who were 18-24 years of age (n = 95, 68.9%) compared
to >24 years of age (n = 221, 60.2%), non-Hispanic
Black (n = 153, 63.7%) compared to non-Hispanic White
(n = 146, 54.9%), cohabitating but never married (n =
17, 73.9%) compared to any other relationship status (n
= 264, 54.8%), and did not complete high school (n =
46, 58.3%) compared to high school diploma/General
Education Development or above (n = 237, 55.6%). None of

772

Volume 22, no. 3: May 2021

Acceptability of Contraceptive Services in the ED

Alexander et al.
these factors reached statistical significance at a level
of P = 0.05.
DISCUSSION
Among the many factors that determine the
feasibility of a study, two important elements are that the
intervention is both needed and wanted (acceptable) by
the target population.22 In this survey study of women
presenting to the ED, most (55.2%) of our participants
wanted to receive contraception and information about
contraception in the ED and an additional 7.3% wanted
information only. To our knowledge, there has only
been one study, published in 2005, examining the
acceptability of the provision of contraception in the adult
ED population.23 In this study, contraception provision in
the ED was acceptable to 44% of ED patients. Our rate of
acceptability was somewhat higher at 55.2%. This may be
secondary to the increase in awareness of and access to
contraception over the last decade,24 specifically since the
introduction of the ACA contraception benefit.9,10
Todd et al found that acceptability was significantly
higher in patients who were uninsured, without a primary
care provider, were frequent ED utilizers, and were at
increased risk of pregnancy.23 In participants who were at
increased risk of pregnancy,3 we found increased rates of
acceptability in most categories including those who were
18-24 years of age, non-Hispanic Black, cohabitating but
never married, and had not completed high school. We did
not collect income information; therefore, we could not
compare low to higher income participants. None of these
factors reached statistical significance at a level of P = 0.05;
however, this study was not powered to answer this
question. Additionally, patients who experienced barriers
to SRH care reported higher interest in receiving information
and birth control in the ED compared to those who did not
experience these barriers.
A qualitative study by Caldwell et al found that 81%
participants were accepting of contraception counseling
in the ED. These participants felt that the ED provided an
opportunity to address women’s unmet contraception needs,
contraception was within the scope of ED practice, and
the ED was a convenient setting with competent providers
who could deliver contraception counseling. However,
the participants who were not accepting of contraception
counseling felt that contraception is a sensitive topic, and
the ED is an inappropriate setting to receive contraception
counseling.25 While this study further supports the ED
as a setting for contraception services, it highlights the
need for patient-centered, targeted approaches to EDbased contraception services. Future research should explore
these factors further.
Our data suggest that ED-based contraception was
both wanted and needed. Of participants who were able to
but did not want to get pregnant in the next year, 32.6% of
Volume 22, no. 3: May 2021

them were not using any form of contraception, with another
26.5% relying on condoms only or the withdrawal method.
To reduce unintended pregnancy in the US we need to increase
access to contraception by identifying alternative settings for its
provision13,26,27 because the traditional settings are insufficient
to meet the needs of the most vulnerable populations. The need
identified by this study supports the notion that the ED may be
an important setting to reach some of our patients who are at
high risk for unintended pregnancy and its complications.
While our study showed that acceptability of
contraception was high in the ED patients we sampled,
further research needs to be completed. First, a similar
multisite study of acceptability should be implemented to
increase generalizability of these findings. Additionally,
feasibility studies in the areas of insurance coverage,
physician knowledge and acceptability, and follow-up
structure as well as a pilot study should be conducted to
ensure successful implementation of contraception initiation
in the ED.
LIMITATIONS
Bias may have been introduced into this study as we
used a convenience sample rather than a consecutive or
random sample. This was because this was an unfunded
study. Data was collected by two volunteer RAs, one
undergraduate and one medical student. Therefore, data
needed to be collected when they were available. While there
were no restrictions on when they could collect data, all but
two participants were enrolled between 7 am -11 pm. We do
not have data on the day of the week data was collected as
we did not keep track of dates in order to preserve anonymity
and not collect personal health information. Additionally,
although we collected data at two large urban EDs, these
EDs were located in the same city, limiting generalizability
of the results of this study. Another limitation is that we
did not keep track of patients who were approached but
refused to participate. Therefore, we could not calculate a
response rate, and we could not determine whether there
was a difference between participants and non-participants.
Finally, although insurance status was identified in a prior
study as having a significant correlation with acceptability
of contraception in the ED,23 this survey was not designed to
assess influence of insurance status on decision-making; one
of the reasons for this was our concern about confounding
from financial literacy,28 because this was coming from
the patient not the chart. We did not have IRB approval to
look at the electronic health record. This correlation will be
explored in future studies.
CONCLUSION
The majority of women of childbearing age indicated the
desire to access contraception services in the ED setting. This
finding suggests favorable patient acceptability for an
implementation study of contraception in emergency care.
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Introduction: Ultrasound hypotension protocols (UHP) involve imaging multiple body areas, each
with different transducers and imaging presets. The time for task switching between presets and
transducers to perform an UHP has not been previously studied. A novel hand-carried ultrasound
(HCU) has been developed that uses a multifrequency single transducer to image areas of the body
(lung, heart, abdomen, superficial) that would typically require three transducers using a traditional
cart-based ultrasound (CBU) system. Our primary aim was to compare the time to complete UHPs
with a single transducer HCU to a multiple transducer CBU.
Methods: We performed a randomized, crossover feasibility trial in the emergency department
of an urban, safety-net hospital. This was a convenience sample of non-hypotensive emergency
department patients presenting during a two-month period of time. Ultrasound hypotension protocols
were performed by emergency physicians (EP) on patients using the HCU and the CBU. The EPs
collected UHP views in sequential order using the most appropriate transducer and preset for the
area/organ to be imaged. Time to complete each view, time for task switching, total time to complete
the examination, and image diagnostic quality were recorded.
Results: A total of 29 patients were scanned by one of eight EPs. When comparing the HCU to
the CBU, the median time to complete the UHP was 4.3 vs 8.5 minutes (P <0.0001), respectively.
When the transport and plugin times were excluded, the median times were 4.1 vs 5.8 minutes (P
<0.0001), respectively. There was no difference in the diagnostic quality of images obtained by the
two devices.
Conclusion: Ultrasound hypotension protocols were performed significantly faster using the single
transducer HCU compared to a multiple transducer CBU with no difference in the number of images
deemed to be diagnostic quality. [West J Emerg Med. 2021;22(3)775–781.]

INTRODUCTION
Shock is one of the most challenging diagnostic
presentations for the emergency physician (EP), and it is
associated with mortality that has been reported as high
as 25%.1 Physical examination alone, in most instances, is

Volume 22, no. 3: May 2021

insufficient to adequately determine the etiology of shock,
due to the complexity of the pathophysiological mechanisms,
which can result in delayed diagnosis and appropriate
treatment.2 Outcomes of patients in shock are closely related
to the duration of hypotension; therefore, it is crucial to reach
775
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the correct diagnosis as soon as possible in order to institute
the most appropriate therapy.3
The rapid ultrasound for shock and hypotension
(RUSH) examination is a scanning protocol that involves
imaging the chest, heart, peritoneal cavity, abdominal
aorta, inferior vena cava (IVC), and leg veins to determine
the etiology of different shock states.4 Similar ultrasound
hypotension protocols (UHP) have been shown to improve
outcomes, enhance diagnostic certainty, and change patient
management.2,5-7 For example, Haydar et al found that
incorporating an UHP involving multiple views of the heart
and IVC altered more than half of physicians’ management
decisions, while 90% perceived the ultrasound data to have
positive clinical utility.5 Similarly, Shokoohi et al used an
UHP involving a focused cardiac assessment, measurement of
IVC collapsibility, an assessment of the abdominal cavity for
free fluid or abdominal aortic aneurysm, and a thoracic scan
to evaluate for pneumothorax, which changed management
in 24.6% of hypotensive patients while decreasing diagnostic
complexity by 27.4%.6
A unique aspect of an UHP is the need to scan multiple
different body regions and structures. While previous studies
have recommended using specific transducers to perform
different aspects of the UHP, such as a phased array for the
cardiac component, curvilinear for the abdominal structures,
and a linear for the lung and extremity venous examinations,4
the only study reporting time to complete a multiorgan
hypotension protocol employed a single transducer.2
Consequently, it is unclear how much time is needed to
complete an UHP using specific transducers and presets for
the different components of the examination.
A novel hand-carried ultrasound (HCU) system, the
Butterfly iQ, (Butterfly Network, Inc., Guilford, CT) uses a
single, multifrequency, capacitive micromachined ultrasonic
transducer (CMUT) (1-9 megahertz [MHz]) to image areas
of the body (lung, heart, abdomen, superficial) that would
typically require three piezoelectric transducers using a
traditional cart-based ultrasound (CBU) system. A potential
advantage of this design is decreasing the need for task
switching to select different presets and transducers, which
may result in less time to perform multiorgan ultrasound
protocols and improve efficiency for physicians in the
emergency department (ED). The primary aim of our study
was to measure the time needed to perform an UHP with a
single transducer HCU compared to a traditional multiple
transducer CBU system. Secondarily, we sought to determine
whether diagnostic quality images could be obtained from the
two comparison ultrasound systems.

Population Health Research Capsule
What do we already know about this issue?
Task switching by selecting different transducers
during the ultrasound evaluation of patients
with undifferentiated hypotension (UHP) may
lead to diagnostic and therapeutic delays.
What was the research question?
The primary aim was to measure the time to
perform a UHP with a single- compared to a
multiple-transducer ultrasound system.
What was the major finding of the study?
The UHP was performed significantly faster
with a single transducer hand carried device
compared to a cart-based system.
How does this improve population health?
In time-critical ultrasound studies, time
savings associated with using a single
transducer hand carried device may
positively impact patient outcomes.

no input into the study design, data collection, data analysis,
or manuscript preparation.

METHODS
Study Design
This was a prospective, randomized, crossover feasibility
study. The hospital’s institutional review board approved the
research study. The manufacturers of the CBU or the HCU had
Western Journal of Emergency Medicine

Study Setting and Population
The study was conducted over a two-month period of
time on a convenience sample of ED patients. We conducted
the study in an urban, academic ED with an annual census
of approximately 60,000 visits. Patients > 18 years of age
and with systolic blood pressure readings > 100 millimeters
mercury and no signs of inadequate perfusion were evaluated
for further eligibility in the study. This approach was taken
for this pilot study because performing two sequential UHP
on patients who were hypotensive was determined to place
patients at unnecessary risk by delaying care. Exclusion criteria
were one or more of the following: inability of the patient
to tolerate the positioning for the ultrasound examination;
traumatic mechanism of injury; or all views of the UHP could
not be obtained. After obtaining written informed consent
to participate in this study, each patient underwent a brief
ultrasound examination of their heart and abdominal organs
with a CBU by one of the study investigators to determine the
feasibility of acquiring the required views of a complete UHP.
Study Protocol
Ultrasound Measurements
Ultrasound studies were performed by a convenience
sample of EPs with extensive experience performing an UHP.
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Participants included three ultrasound faculty, four ultrasound
fellows, and one postgraduate year-4 emergency medicine
resident. Written informed consent to participate in this study
was obtained from each of the physicians. The participants
were instructed to perform two UHPs on each enrolled patient.
They were randomly assigned to perform the first examination
with either the single-transducer HCU or the multi-transducer
CBU. The second examination was performed with the device
not selected for the first examination. The second examination
was performed immediately after the first was completed.
The HCU examinations were performed with the Butterfly
iQ device, and the CBU examinations were completed with
the GE LOGIQ S7 Expert (GE Healthcare, Chicago, IL)
using the 3 SP-D (1.6-5.5 MHz), C1-5-D (1.8-5.0 MHz), and
ML5-15 (5.0-15 MHz) transducers. The CBU incorporates a
triple transducer connector; so switching between different
transducers occurs by selecting a button on the keypad without
having to detach or reattach different transducers.
Ultrasound hypotension protocols were performed
following strict guidelines for the order of acquiring images:
cardiac; IVC; abdominal focused assessment with sonography
in trauma (FAST) exam; abdominal aorta; and lung, using a
previously described protocol.6 Emergency sonographers were
instructed to obtain specific views that included parasternal
long axis and subxiphoid of the heart and IVC at the influx
of the hepatic veins with a cardiac preset and the most
appropriate transducer. Participants were then instructed
to switch to an abdominal preset and the most appropriate
transducer to perform the abdominal components of the FAST
exam, which included the hepatorenal region to visualize the
inferior aspect of the liver, Morison’s pouch, right kidney, and
subdiaphragmatic space; the splenorenal region to visualize
the inferior aspect of the spleen, splenorenal recess and the
subdiaphragmatic space; and transverse and longitudinal
views of the bladder. The emergency sonographer was then
instructed to switch to an abdominal vascular or aorta preset
and the most appropriate transducer to scan the abdominal
aorta from the superior mesenteric artery inferiorly to the iliac
bifurcation in transverse and longitudinal planes. Lastly, the
emergency sonographer was instructed to select a lung preset
and the most appropriate transducer to scan the left and right
anterior pleural lines. The emergency sonographers completed
the UHP in the same order and using the same presets with the
HCU and CBU devices. They were blinded to the hypothesis
of the study.
To simulate access to the different types of ultrasound
devices, the HCU accompanied the emergency sonographer
into the patient’s room. The CBU was plugged in, turned on,
and placed immediately outside of the patient’s room.
Time measurements were collected by an independent
observer using a stopwatch. For the CBU, the stopwatch was
started when the emergency sonographer was instructed to
perform the UHP and included the time to transport the device
into the patient’s room, plug it in, and acquire each view of
Volume 22, no. 3: May 2021

the UHP. A battery powers the CBU when it is not plugged
in; so no time was devoted to shutting down and turning on
the machine. Additionally, time required for task switching
between the different presets and transducers (cardiac to
abdomen, abdomen to aorta, aorta to linear) was also recorded.
For the HCU, the stopwatch was started when the emergency
sonographer was instructed to perform the UHP, but it did
not include transport time since the device was already in
the patient’s room. All of the time measurements were taken
in an identical fashion for the HCU and the CBU systems.
After each view of the UHP was obtained, the emergency
sonographer was asked whether the image was “diagnostic
quality” as a “yes” or “no” response and the independent
observer recorded their response. “Diagnostic quality”
was defined as the ability of the emergency sonographer to
visualize anatomy and landmarks to determine the presence or
absence of pathology in a particular view.
Data Management and Statistical Analyses
All data were entered into an electronic spreadsheet
(Microsoft Excel, Microsoft Corporation, Redmond, WA),
transferred into native SAS format, and all statistical analyses
were performed using SAS Version 9.4 (SAS Institute Inc,
Cary, NC). Descriptive statistics are reported, including means
and standard deviations (SD), medians with interquartile
ranges (IQR), and percentages with 95% confidence intervals
(CI). We made group comparisons using absolute differences,
precision estimates (ie, 95% CIs), and bivariate statistical tests
(ie, Wilcoxon rank sum for continuous data and Fisher’s exact
test for categorical data), while accounting for correlation
from the crossover design. A P-value <0.05 was considered
statistically significant, and no adjustments were made for
multiple comparisons.
RESULTS
We approached 31 patients for enrollment. Two patients
were excluded after the pre-scan due to the inability to obtain
adequate views for the entire UHP. Twenty-nine patients were
scanned by one of eight EPs. Each EP scanned at least three
but no more than four patients. We included in the analysis
20 male patients aged 29-74 years and nine female patients
aged 22-71 years. When comparing the HCU to the CBU
device, the median time to complete the UHP was 4.3 vs
8.5 minutes (P <0.0001), respectively (Table 1). When the
transport and plugin time were excluded, the median times
were 4.1 vs 5.8 minutes (P <0.0001), respectively. There was
no significant difference in the number of images judged by
the emergency sonographer to be diagnostic quality obtained
by the two devices, although there was a slight increase in
the number of diagnostic-quality images from the parasternal
long axis cardiac and IVC views with the CBU device and the
four-chamber cardiac and aorta views with the HCU device
(Table 2). Three points of task switching were identified, and
the transitions between cardiac to abdomen and aorta to lung
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Table 1. Total time to complete ultrasound hypotension protocol,using handheld Butterfly vs cart-based GE devices.
Time

Butterfly

GE

Difference

95% CI

P-value

Total time 1*
Mean, (SD)

5.55 (3.51)

9.57 (3.73)

-4.02

(-5.93 – -2.12)

<0.0001

4.28 (3.63 – 5.62)

8.52 (7.17 – 9.57)

-4.23

(-5.48 – -2.98)

<0.0001

5.32 (3.54)

7.13 (3.51)

-1.81

(-3.67 – 0.04)

0.0556

Median, (IQR)
4.08 (3.43 – 5.35)
5.8 (4.73 – 7.67)
-1.72
(-2.78 – -0.65)
*Total time (minutes) includes transport and plug-in.
†
Total time (minutes) excludes transport and plug-in.
UHP, ultrasound hypotension protocols; CI, confidence interval; SD, standard deviation; IQR, interquartile range.

<0.0001

Median, (IQR)
Total time 2

†

Mean, (SD)

were significantly quicker with the single transducer HCU
compared to the multi-transducer CBU device (Table 3).
DISCUSSION
The objective of this study was to compare the time to
complete an UHP using two different types of ultrasound
devices. Our results demonstrated that using a single
transducer HCU allows emergency sonographers to complete
an UHP significantly faster than with a multi-transducer
CBU system and both systems delivered adequate imagery
to render a diagnosis as assessed by expert sonographers. To
our knowledge, this is the first study to compare the time for
image acquisition and task switching between different types
of ultrasound devices, one that uses CMUT technology vs a
traditional, piezoelectric transducer CBU system.
Prior study has focused on the time needed to complete
certain time-sensitive, point-of-care ultrasound (POCUS)
examinations,8 but only one study has reported the time
required to complete an UHP, which on average was 5.8 +
2.1 minutes.2 Interestingly, in our study the median time to
complete an UHP using a CBU device was also 5.8 minutes
(4.73-7.67) after excluding set-up time. In comparison,
examinations completed with the single-transducer HCU took

4.08 (3.43-5.35) minutes. While the time to acquire images
likely has a negligible effect on a patient’s clinical course
and outcome for the majority of POCUS examinations, the
UHP is an exception. Commonly described etiologies of
undifferentiated hypotension include significant dehydration,
pericardial effusion, severe left ventricular dysfunction, free
peritoneal fluid, and abdominal aortic aneurysm,2 which
are extremely time-sensitive conditions requiring prompt
diagnosis and intervention. While our study did not assess
clinical outcomes, it can be argued that the significant times
savings associated with using a single-transducer HCU will
improve outcomes in patients with these types of critical
presentations, which is an area of potential future study.
Task switching is defined as suspending a primary task
to attend to a secondary task. It is a common occurrence
in emergency medicine that has been associated with
decreased efficiency.9 Multiorgan ultrasound examinations
are a form of task switching since the emergency
sonographer interrupts their scanning protocol to switch
transducers and presets for the next component of the
examination. A number of factors contribute to the
significance of this type of task switching, such as a user’s
familiarity with the ultrasound equipment, whether the

Table 2. Number of diagnostic-quality images, handheld Butterfly vs cart-based GE ultrasound device.
Butterfly N = 29
N (%, 95% CI)

GE N = 29
N (%, 95% CI)

Absolute difference
95% CI

P-value*

PLAX

27 (93, 77 – 99)

28 (97, 82 – 100)

-3 (-15 – 8)

1.00

4C View

26 (90, 73 – 98)

25 (86, 68 – 96)

3 (-13 – 20)

1.00

IVC

23 (79, 60 – 92)

24 (82, 64 – 94)

-3 (-23 – 17)

1.00

RUQ

29 (100, 88 – 100)

29 (100, 88 – 100)

0 (0 – 0)

–

LUQ

29 (100, 88 – 100)

29 (100, 88 – 100)

0 (0 – 0)

–

Bladder

29 (100, 88 – 100)

29 (100, 88 – 100)

0 (0 – 0)

–

25 (86, 68 – 96)

23 (79, 68 – 96)

7 (-12 – 26)

0.73

29 (100, 88 – 100)

29 (100, 88 – 100)

0 (0 – 0)

–

Component of UHP exam

Aorta
RL

LL
29 (100, 88 – 100)
29 (100, 88 – 100)
0 (0 – 0)
–
UHP, ultrasound hypotension protocols; CI, confidence interval; PLAX, parasternal long axis; 4C, four chamber; IVC, inferior vena cava;
RUQ, right upper quadrant; LUQ, left upper quadrant; RL, right leg; LL, left leg.
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Table 3. Comparison of task-switching time, handheld Butterfly vs GE cart-based ultrasound device.
Task switching

Butterfly

GE

Difference

95% CI

P-value

5.55 (3.51)

9.57 (3.73)

-4.02

(-5.93 – -2.12)

<0.0001

4.28 (3.63 – 5.62)

8.52 (7.17 – 9.57)

-4.23

(-5.48 – -2.98)

<0.0001

5.32 (3.54)

7.13 (3.51)

-1.81

(-3.67 – 0.04)

0.0556

4.08 (3.43 – 5.35)

5.8 (4.73 – 7.67)

-1.72

(-2.78 – -0.65)

<0.0001

Total time 1
Mean, (SD)
Median, (IQR)
Total time 2
Mean, (SD)
Median, (IQR)
Switching 1
Mean, (SD)
Median, (IQR)

0.13 (0.06)

0.30 (0.08)

-0.17

(-0.21 – -0.13)

<0.0001

0.13 (0.08 – 0.17)

0.30 (0.23 – 0.35)

-0.17

-0.22 – -0.12

<0.0001

0.09 (0.08)

0.08 (0.10)

0.01

(-0.04 – 0.06)

0.6893

0.08 (0.00 – 0.13)

0.00 (0.0 – 0.2)

0.08

(-0.02 – 0.18)

0.0825

0.12 (0.05)

0.33 (0.23)

-0.20

(-0.30 – -0.11)

<0.0001

0.10 (0.10 – 0.13)

0.28 (0.23 – 0.38)

-0.18

(-0.23 – -0.14)

<0.0001

0.34 (0.14)

0.71 (0.31)

-0.37

(-0.37 – -0.50)

<0.0001

-0.33

(-0.45 – -0.21)

<0.0001

Switching 2
Mean, (SD)
Median, (IQR)
Switching 3
Mean, (SD)
Median, (IQR)
Total switching
Mean, (SD)

Median, (IQR)
0.33 (0.23 – 0.42)
0.67 (0.48 – 0.82)
Total time 1 (minutes): includes transport and plug-in.
Total time 2 (minutes): excludes transport and plug-in.
Switching 1 (minutes): cardiac to abdomen preset.
Switching 2 (minutes): abdomen to abdomen deep preset.
Switching 3 (minutes): abdomen deep to lung preset.
CI, confidence interval; SD, standard deviation; IQR, interquartile range.

transducer is changed manually or electronically, or the
complexity of selecting presets.
The CBU device in this study uses a touch-screen
interface to select different transducers and to separately select
the imaging preset. The HCU device uses a single transducer
that is attached to an iPhone. Preset selection is controlled
with a single, pull-down menu on the iPhone. The device is
configured to associate specific imaging parameters with each
preset. For example, the cardiac preset configures the device
to image like a phased array transducer; the abdominal or
FAST preset images similarly to a curved transducer; and the
lung preset is similar to a linear high-frequency transducer.
Not surprisingly, the time devoted to task switching was
significantly less with the single-transducer HCU compared
to the multi-transducer CBU device (Table 3). While time is
one metric to evaluate the impact of task switching, research
has shown that task switching has additional effects, such as
mental delay, prolonged duration of activity, reduced quality,
and increased workload.10 While we only addressed time in
our study, future research might address additional factors
related to task switching.
Access to ultrasound equipment is a common issue in the
point-of-care setting.11 Frequent barriers include the number of
Volume 22, no. 3: May 2021

machines in a clinical area, the geography of where ultrasound
machines are stored relative to where they are used, or the
need to perform an ultrasound examination while a machine
is in use with another patient. We attempted to simulate
access an emergency sonographer would encounter with
the different ultrasound devices by placing them in specific
locations before the UHP was started. While the CBU device
was placed outside the patient’s room, it was turned on and
plugged in, so it was readily accessible, especially compared
to many POCUS environments where access is more limited.
The median time savings for each examination was over four
minutes, which suggests that access to HCU devices has the
potential to significantly improve the efficiency of emergency
sonographers. This effect will likely be magnified if multiple
POCUS examinations are performed with a HCU during the
context of a clinical shift. For instance, if an EP performs five
POCUS examinations during a clinical shift, immediate access
to a single-transducer HCU device could result in 20 minutes
of overall time saved.
The ability to acquire diagnostic-quality images is an
extremely important feature when comparing different
ultrasound devices. Prior studies have found no significant
difference in the diagnostic quality and the ability of bedside
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sonographers to interpret images from a HCU device
compared to a CBU.12-15 Our findings were similar as no
specific view was associated with a significant difference
between the HCU and the CBU and the number of images the
emergency sonographer deemed to be of diagnostic quality.
This data should be interpreted with caution, since only the
ability to acquire images of diagnostic quality was assessed
and not the presence or absence of pathology. Additionally, we
made no direct comparison in image quality between the HCU
and the CBU. Future study will need to compare the ability
of a single-transducer HCU to detect and exclude pathology
compared to standard POCUS systems.
LIMITATIONS
While we enrolled patients in a clinical setting, this was a
feasibility study; thus, none of the patients were hypotensive.
Therefore, it is unclear whether the time-savings between the
HCU and CBU systems would be maintained in a clinical
situation when the patient is in shock. Additionally, none of
the patients had pathology that would typically be assessed
with an UHP. We also enrolled patients when the study
investigators and emergency sonographers were available;
thus, the enrolled patients were a convenience sample that
may have introduced selection bias into our study population.
We only compared one HCU device (Butterfly iQ) and one
CBU system (GE LOGIQ S7 Expert). It is possible that time
savings would be different if alternative ultrasound machines
were studied.
We also performed a pre-scan on all patients. While this
approach screened out patients with difficult anatomy, it was
performed with the CBU device to ensure that all views of
the UHP could be obtained. And while we mandated specific
presets and transducers be used for the different aspects of the
UHP, there is a possibility that time savings can occur if all
views are obtained without changing a preset and using a single
transducer, such as a curvilinear. We also asked emergency
sonographers to self-determine the diagnostic quality of the
ultrasound images from the two different ultrasound systems;
therefore, it is possible that quality differences existed that an
independent review would have detected.
Additionally, because no images or clips were saved,
independent, retrospective review of the images was not
possible. Images were not stored because the Butterfly iQ
was not integrated into the ordering and archival process at
our institution; therefore, the comparison between the HCU
and CBU would not have been equivalent. We also did not
require labels or text to be added to the images, which may
have affected the time to complete studies on either a CBU or
HCU; however, it can be argued that labels are not a necessary
component of scans performed on hypotensive patients.

traditional multiple-transducer CBU system with no difference
between the HCU and the CBU and the number of images the
emergency sonographer deemed to be of diagnostic quality. In
time-critical ultrasound studies, such as the UHP examination,
time savings associated with using CMUT transducers
may positively impact patient outcomes. For future studies,
we recommend comparing ultrasound systems equipped
with CMUT technology vs standard CBUs in patients with
undifferentiated hypotension and assessing image quality along
with time to diagnosis or change in management.
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Introduction: We sought to validate a handheld, near-infrared spectroscopy (NIRS) device for detecting
intracranial hematomas in children with head injury.
Methods: Eligible patients were those <18 years old who were admitted to the emergency department at
three academic children’s hospitals with head trauma and who received a clinically indicated head computed
tomography (HCT). Measurements were obtained by a blinded operator in bilateral frontal, temporal, parietal,
and occipital regions. Qualifying hematomas were a priori determined to be within the brain scanner’s
detection limits of >3.5 milliliters in volume and <2.5 centimeters from the surface of the brain. The device’s
measurements were positive if the difference in optical density between hemispheres was >0.2 on three
successive scans. We calculated diagnostic performance measures with corresponding exact two-sided
95% Clopper-Pearson confidence intervals (CI). Hypothesis test evaluated whether predictive performance
exceeded chance agreement (predictive Youden’s index > 0).
Results: A total of 464 patients were enrolled and 344 met inclusion for primary data analysis: 10.5%
(36/344) had evidence of a hematoma on HCT, and 4.7% (16/344) had qualifying hematomas. The handheld
brain scanner demonstrated a sensitivity of 58.3% (21/36) and specificity of 67.9% (209/308) for hematomas
of any size. For qualifying hematomas the scanner was designed to detect, sensitivity was 81% (13/16) and
specificity was 67.4% (221/328). Predictive performance exceeded chance agreement with a predictive
Youden’s index of 0.11 (95% CI, 0.10 – 0.15; P < 0.001) for all hematomas, and 0.09 (95% CI, 0.08 – 0.12; P
< 0.001) for qualifying hematomas.
Conclusion: The handheld brain scanner can non-invasively detect a subset of intracranial hematomas in
children and may serve an adjunctive role to head-injury neuroimaging decision rules that predict the risk of
clinically significant intracranial pathology after head trauma. [West J Emerg Med. 2021;22(3)782–791.]
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INTRODUCTION
Nearly 760,000 children and adolescents less than 18
years old with head trauma undergo evaluation in United
States (US) emergency departments (ED) annually.1 While
there are multiple decision rules that predict the risk of a
significant intracranial injury in children with head trauma,
a substantial proportion of children classified as “not low”
risk may require an extended period of observation or
neuroimaging to exclude the presence of an intracranial
hematoma that may require neurosurgical intervention.2 An
expanding hematoma can lead to significant neurological
morbidity or death due to brainstem compression or further
ischemic injury. A computed tomography scan of the head
(HCT) is the clinical standard for emergent identification
and localization of acute intracranial hematomas. However,
the ionizing radiation increases the risk of developing
malignancies.3 Notably, 26% of children evaluated for
mild head injury will undergo a HCT, thus exposing a large
population of children each year to ionizing radiation.4
Near-infrared spectroscopy (NIRS) is a non-invasive,
radiation-sparing technology that measures the near- infrared
light absorption of hemoglobin within the brain and may
be useful as an adjunctive modality for early identification
of intracranial hematomas in patients with head trauma.5-7
Extravascular hemoglobin absorbs more near-infrared light
(usually 10-fold) than intravascular hemoglobin, enabling
NIRS devices to detect differential absorption between
intracranial hematomas and uninjured brain. A handheld NIRS
detection system, the Infrascanner Model 2000 (InfraScan, Inc.,
Philadelphia, PA) has shown 90% sensitivity and specificity
for detecting intracranial hematomas in adult patients suffering
from head trauma.8,9
Given the fixed size of the device and the differences
between adult and pediatric cranial anatomy (eg, cranial
bone thickness and composition, presence of cranial sutures,
and brain volume and composition) and head trauma
mechanics, it was unknown whether the device would
display similar performance characteristics in children.
Previous pediatric studies conducted with an earlier model
of the device each detected only a few hematomas, and
used different patient populations, scanning protocols, and
incomplete blinding.8-14 This study is important because
we designed it to overcome those limitations by using the
newer model scanner in a multicenter approach with blinded
operators and independent neuroradiological review of
HCTs to more precisely determine the device’s performance
characteristics in children with head injury.
We aimed to validate the Infrascanner Model 2000 in
children of all ages with known or suspected head injury
compared to HCT as the clinical standard. We hypothesized
that, compared to HCT, the device would have a sensitivity
non-inferior to 90% (the sensitivity found in adult trials) to
detect intracranial hematomas that are within the detection
limit of the device.
Volume 22, no. 3: May 2021

Population Health Research Capsule
What do we already know about this issue?
An expanding intracranial hematoma after
traumatic brain injury can lead to significant
neurological morbidity or death due to
brainstem compression or ischemia.
What was the research question?
How does Infrascanner compare to head
CT for detecting intracranial hematomas in
children with head injury?
What was the major finding of the study?
The Infrascanner demonstrated a sensitivity
of 81% and specificity of 67% for detecting
qualifying hematomas.
How does this improve population health?
The Infrascanner device may serve an
adjunctive role to head injury imaging decision
rules that predict risk of intracranial pathology
after pediatric head trauma.

METHODS
Study Design and Setting
We conducted an observational device validation study
between June 2014–September 2018 in the EDs of three
large, urban, quaternary care academic medical centers:
Children’s Hospital of Philadelphia, Boston Children’s
Hospital, Children’s Hospital Colorado. Enrollment at the
latter two centers began in April and June 2016, respectively.
The protocol was approved by the institutional review board
at each institution. The study was registered on ClinicalTrials.
gov with the identifier NCT02149082. The Infrascanner
Model 2000 has 510(k) clearance (K120949) from the US
Food and Drug Administration (FDA) as a Class II device for
individuals 18 years of age and older.
Selection of Participants
Eligible participants were individuals less than 18 years
old presenting to the ED with known or suspected head
trauma who received a clinically indicated HCT. This was
a convenience sample as enrollment occurred only when
research team members were available for enrollment. If
a research team member was not available for a shift, the
census was screened the following shift and eligible patients
were recorded as not enrolled due to lack of staff availability.
Patients who received an initial HCT after trauma or HCT
performed for a clinical change (eg, seizure, headache, emesis,
focal neurological deficit) were eligible. The HCTs were
783
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required to be performed within 12 hours of trauma or clinical
change. Hemoglobin in an intracranial hematoma begins
transitioning into methemoglobin after about 12 hours, after
which it is not detectable by the NIRS sensor. Patients were
excluded if they had the following: extensive scalp injury
including lacerations, avulsions, or abrasions that prevented
proper application of the device to the patient’s head or
prevented placement of the device in the specified locations;
or they had a history of a neurosurgical procedure (eg,
decompressive craniectomy) with residual bone flap.
Since intracranial hematomas are dynamic and evolve
over time, it was important to minimize the time between the
scanner exam and HCT. The scanner measurement had to be
completed within six hours before or after the HCT. This was
increased from 40 minutes during the study due to a larger
than expected number of patients at the lead site who had
HCTs performed at referring hospitals prior to transfer and
were excluded due to duration from time of HCT. Parents or
legal guardians were required to provide verbal consent in
person or via telephone. Patient assent was not required, but
patients who dissented were not enrolled.
Research coordinators and assistants were operators
of the handheld brain scanner at each site. Operators at
the original site underwent training by representatives
from InfraScan and the investigators. Operators attended
practice sessions followed by a proficiency assessment by an
investigator. Operators at the other sites were trained by the
principal investigator and lead research coordinator from the
lead site. Operators who joined the study after initiation were
trained by investigators and lead coordinators at each site.
Operators were instructed to perform several measurements
per month to maintain proficiency, and they underwent
refresher and practice sessions if they had not enrolled a
patient in several weeks. These procedures were instituted
after pilot testing indicated frequent use of the device was
necessary to ensure proper use and strict adherence to the
standardized protocol. Operators were blinded to HCT
results. After operator training at the lead site, there was no
involvement by the company.

Kirschen et al.

Measurements
The handheld brain scanner was placed successively in the
left and right frontal, temporal, parietal, and occipital regions of
the head, and the absorbance of light was recorded (Figure 1).
We calculated the difference in optical density (ΔOD)
between the right and left hemisphere in each of the four
regions on a pairwise basis using the equation ΔOD =
log10 (IN/IH) where IN is the intensity of the reflected light
on the presumed normal side, and IH is the intensity of the
reflected light on the presumed abnormal side.9 A predefined
ΔOD threshold of >0.2 was determined to be positive for a
hematoma based on a pilot study of patients with hematomas
and healthy controls and set to maximize sensitivity and
specificity accounting for inter-operator reliability, variability
due to accidental hair compression, and distribution of the
NIRS signal within hematomas.5 In each brain region where
the ΔOD was >0.2 the operator repeated the exam in the
same region two additional times to confirm the positive
measurement. This procedure was designed to reduce the
likelihood of a false positive measurement due to an impinged
hair under the device or asymmetrical placement. If a ΔOD
was ≤0.2 at any measurement (independent of whether a prior
measurement was positive in the same region), the region
was noted as negative and the operator moved to the next
successive region. Operators could use the device in either a
“guided mode” where step-by-step instructions were provided
or an “independent mode.”
Operators noted areas of scalp hematomas, ecchymoses,
abrasions, and small lacerations, and were instructed to
reposition the device slightly to avoid these areas to limit false
positive measurements. The occipital region was deferred
if the patient had a cervical immobilization collar in place.
Operators recorded skin color as light/white, olive/brown,
or black, and hair color as scant, blond, red, brown, or black
since darker hair or skin color may alter light absorption and
affect the NIRS measurements.
Operators recorded demographic information about
each patient including clinical data relating to head trauma.
Glasgow Coma Scale scores were obtained from the treating

Figure 1. Standardized measurement locations for the handheld brain scanner device.
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clinician. Health record review was conducted for each
enrolled patient to determine whether the patient had a
clinically important traumatic brain injury (TBI) defined as
TBI-related death, neurosurgical intervention, intubation of
more than 24 hours, or hospital admission of two nights or
more for the TBI in association with TBI on HCT.15
The HCTs were interpreted by pediatric neuroradiologists
at each site and blinded to the handheld device result
and the clinical radiology report. Intracranial hematomas
were characterized by location (ie, epidural, subdural,
intraparenchymal, or subarachnoid), volume, and distance from
the cortical surface. Hematoma volume was calculated using
standardized methods (primarily ABC/2) based on location by
either a neuroradiologist or a trained research coordinator.16-19
All HCTs with hematomas were reviewed at Children’s
Hospital of Philadelphia by a blinded, independent pediatric
neuroradiologist to confirm hematoma characteristics.

hematomas within detection limits. During the study, it was
recognized that this hypothesis test was not viable due to low
prevalence of intracranial hematomas and corresponding low
power. After consultation with the company and the FDA, an
alternative hypothesis was planned prior to unblinded data
analysis. This hypothesis test assesses the predictive analogue
of Youden’s index (NPV + PPV – 1) for performance better
than expected by chance with power >90% and 2.5% type 1
error with the available sample size of 344. The predictive
Youden’s index summarizes the performance of a diagnostic
test with values ranging from -1 to 1. Zero denotes a test that
whose diagnoses are correct at the rate expected by chance
(test is useless), -1 indicates all diagnoses are incorrect, and 1
indicates that all diagnoses are correct (test is perfect).
RESULTS
Characteristics of Study Subjects
We assessed a total of 6535 patients for inclusion: 1425
were eligible, 464 were enrolled, and 344 met inclusion for
primary data analysis (Table 1) by having handheld scanner
measurements correctly completed on three or four brain
regions (Figure 2). Site enrollment was as follows: 54%
(186/344) of patients were enrolled at Children’s Hospital of
Philadelphia, 19% (66/344) at Boston Children’s Hospital, and
27% (92/344) at Children’s Hospital Colorado.

Outcomes Measures
Patients were considered evaluable if device measurements
were assessed in three or four symmetrical brain regions. This
was to account primarily for deferring the occipital region due
to cervical immobilization collars. A qualifying hematoma
was defined to be a hematoma within the predefined detection
limit of the Infrascanner device if it was >3.5 milliliters (mL)
in volume and <2.5 centimeters (cm) from the surface of the
brain.5,8 A positive Infrascanner measurement required the
hematoma be confirmed on three successive assessments.
Data Analysis
We summarized continuous measures using mean and
standard deviation or median and interquartile range and
categorical measures as counts and percentages. Diagnostic
performance measures (sensitivity, specificity, negative
predictive value [NPV], positive predictive value [PPV])
included a corresponding exact two-sided 95% Clopper-Pearson
confidence interval (CI).20 The Youden’s index (sensitivity plus
specificity minus 1) and an analogue based on predictive value
metrics (NPV + PPV – 1) were used to assess the degree to
which the performance of the device exceeded the performance
that could be explained by chance alone. We calculated twosided CIs for these Youden statistics by applying the Wilson
score interval method for a binomial proportion.21 Consistency
of performance across subgroups with different baseline
characteristics was assessed by stratification, with a chi-square
test to compare performance across strata. Pre-specified
subgroups included age, hematoma location, hematoma volume,
and presence of extracranial or scalp soft-tissue hematomas.
Each operator’s diagnostic performance was compared to other
operators with a chi-square test with a Bonferroni P-value
adjustment for multiple comparisons.
The hypothesis that sensitivity was non-inferior to 90%
with a 10% margin, 80% power, and 5% type 1 error yielded
a calculated sample size of 383 enrollments to identify 82
Volume 22, no. 3: May 2021

Main Results
Overall, 10.5% (36/344) of patients had neuroradiological
evidence of a hematoma on HCT, and 4.7% (16/344) had
hematomas that were within the detection limit of the device.
Of these 16 evaluable hematomas, nine were epidural, four
subdural, and three intraparenchymal, with an average volume
of 19.0 mL (range 4.6 – 53.0 mL).
For all hematomas, the Infrascanner demonstrated
sensitivity of 58% (21/36), specificity of 68% (209/308),
PPV of 18% (21/120), and NPV of 93% (209/224) (Table
2). For hematomas within the device’s detection limits,
the Infrascanner demonstrated sensitivity of 81% (13/16),
specificity of 67% (221/328), PPV of 11% (13/120), and NPV
of 99% (221/224). Both Youden’s index and its predictive
analogue were statistically significantly greater than zero for
all hematomas and those within the device’s detection limits
(P<0.001 for all; Table 2).
Diagnostic performance was independent of age (divided
by quartile), hair/skin color, and race. Diagnostic performance
was also independent of whether three (43% 149/344) or
four (57% 195/344) brain regions were assessed. Of the 149
patients with three lobes measured, the deferred lobe was
occipital for 117 (79%) of patients, primarily due to presence
of a cervical immobilization collar. Diagnostic performance
was also comparable across the three sites, between the
device’s “independent” and “guided” modes, and between
patients with and without documented scalp hematomas
(Supplementary Table 1).
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Table 1. Patient and clinical characteristics.
Evaluable patients
(N = 344)

Any hematoma
(N = 36)

Hematoma within the detection
limit of the infrascanner
(N = 16)

9.5 [5.0, 13.8]

9.7 [4.3, 12.9]

10.4 [4.1, 12.9]

225 (65%)

19 (53%)

9 (56%)

Caucasian

168 (50%)

22 (67%)

9 (64%)

Black

120 (36%)

5 (15%)

2 (14%)

Asian

18 (5%)

1 (3%)

0 (0%)

Age, mean [IQR]
Male gender
Race*

Other

30 (9%)

5 (15%)

3 (21%)

54 (17%)

7 (22%)

5 (39%)

Light/white

161 (47%)

24 (67%)

10 (63%)

Black

106 (31%)

4 (11%)

1 (6%)

Olive/brown

77 (22%)

8 (22%)

5 (31%)

Black

143 (42%)

7 (20%)

4 (27%)

Brown

99 (29%)

14 (40%)

9 (60%)

Blonde

75 (22%)

10 (29%)

2 (13%)

Scant

19 (6%)

4 (11%)

0 (0%)

Red

7 (2%)

0 (0%)

0 (0%)

Hispanic ethnicity*
Skin color

Hair color

Mechanism of injury
Fall

179 (52%)

16 (44%)

7 (44%)

Sports

39 (11%)

4 (11%)

3 (19%)

Bicycle

24 (7%)

6 (17%)

2 (13%)

Motor vehicle crash

21 (6%)

2 (6%)

1 (6%)

Assault/NAT

18 (5%)

1 (3%)

0 (0%)

Pedestrian struck

16 (5%)

2 (6%)

0 (0%)

Hit with blunt object

10 (3%)

0 (0%)

0 (0%)

Motorcycle

3 (1%)

0 (0%)

0 (0%)

34 (10%)

5 (14%)

3 (19%)

6 (2%)

3 (8%)

2 (13%)

Other
Intubated
Disposition
Home

251 (73%)

5 (14%)

1 (6%)

Floor

74 (22%)

18 (50%)

6 (38%)

PICU

19 (6%)

13 (36%)

9 (56%)

15.0 [15, 15]
Range 7-15

15.0 [15, 15.0]
Range 7-15

15.0 [14, 15]
Range 9-15

Glasgow Coma Scale, Median [IQR]

*Number of subjects used for race (336, 33, 14) and ethnicity (322, 32, 13) calculations for evaluable patients, patients with any hematoma
and patients with a hematoma within the detection limit of the Infrascanner, respectively due to missing data.
SD, standard deviation; NAT, non-accidental trauma; PICU, pediatric intensive care unit; IQR, interquartile range.

There were 24 trained operators at Children’s Hospital
of Philadelphia, 11 at Boston Children’s Hospital, and 10 at
Children’s Hospital Colorado, each completing an average of
10.3 (range 1-61) assessments. One operator was found to be
Western Journal of Emergency Medicine

an outlier with regard to specificity (Supplementary Figure
1), with a specificity of 42.9% (15/35) vs 71.1% (194/273)
for the remaining operators (P = 0.0008). The operator was
determined to be an outlier using a Bonferroni-adjusted
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P-value threshold of 0.001 (0.05/45) to account for the 45
different operators evaluated. After excluding this operator,
there was no significant association between false positive
rate and operator experience (ie, number of scans performed
stratified by quartile; P-value = 0.14).
The median time between the HCT and the handheld
scanner assessment was 53 [IQR 25-150] minutes. We
evaluated whether device performance was associated with
the time interval between the HCT and the handheld device
assessment since prior Infrascanner studies used a maximal
interval between the HCT and device assessment of 40
minutes,8 and this study initially had a limit of 40 minutes
prior to 2016 when we lengthened the maximum to six hours
to address enrollment issues. Diagnostic performance was not
associated with interval in a logistic regression model (P = 0.24
for sensitivity, P = 0.29 for specificity).
We were unable to determine the average time to complete
an Infrascanner assessment due to interruptions for clinical care
and patient cooperation, although operators reported that the
assessment was typically completed in 3-5 minutes. There were
no adverse events reported. A total of 127 (26%) of the enrolled
patients were not evaluable (Figure 2). Infrascanner assessments
were terminated early due to the patient being uncooperative
(43%, 52/120), device malfunction (24%, 29/120), clinical care
(5%, 6/120), protocol deviation (17%, 20/120); or other reasons
(11%, 13/120).
The handheld brain scanner failed to detect three hematomas
that were within detection limits (ie, false negatives). All three
were epidural hematomas (Figure 3). One patient had four lobes
assessed and the other two patients had three lobes assessed.
The deferred lobe was occipital for both patients, and neither
hematoma was in the occipital region. Two patients had a

clinically important TBI and required hospital admission for two
or more nights (Table 3). The third patient did not meet criteria
for a clinically important TBI. None of these patients required
neurosurgical intervention.
The overall incidence of clinically important TBI amongst
all evaluable patients was 4.9% (17/344), and 47.2% (17/36) in
patients with an intracranial hematoma (Table 3). All evaluable
patients with a clinically important TBI required hospital
admission for two or more nights. Four of these patients also
required neurosurgical intervention. All four had intracranial
hematomas detected by the handheld brain scanner. Two patients
with clinically important TBIs had hematomas that were outside
the detection limits of the Infrascanner and were not detected by
the device. These patients required hospital admission for two or
more nights, but did not require intubation for more than 24 hours
or neurosurgical intervention. There were no patient deaths.
Of the 120 patients who were enrolled and not evaluable,
14 (12%) patients had a hematoma on HCT. Three of these
hematomas were within the detection limits of the device and
one required neurosurgical intervention. Of the 11 patients who
had hematomas outside the detection limit of the device, six
patients had clinically significant TBIs. One patient required
neurosurgical intervention and the other patients required
hospital admission for two or more nights. Of the 106 patients
who were enrolled and not evaluable and did not have a
hematoma on HCT, five required hospital admission for two or
more nights. As a worst-case sensitivity analysis, we computed
the sensitivity if the 120 patients where the Infrascanner
assessment was either not done (41/120) or was done but either
the study was incomplete or there was a protocol deviation
(79/120). Six of the 14 hematomas were detected by the device,
yielding a worst-case sensitivity of 54% (27/50).

Screened
(n = 6,535)

Ineligible (n = 5,110)
No head trauma (n = 3,442)
CT scan window (n = 717)
Injury window (n = 352)
Age ≥ 18 (n = 330)
Scalp injury (n = 640)
Craniectomy criteria (n = 23)
• Other (n = 182)
•
•
•
•
•

Eligible
(n = 1,425)

Not enrolled (n = 961)
• Staff not available (n = 406)
• Declined (n = 303)
• Treatment team discouraged
enrollment for clinical/social
circumstances (n = 91)
• Other (n = 161)

Enrolled
(n = 464)

•
•
•
•
•

Not evaluable (n = 120)
Patient uncooperative (n = 52)
Device malfunction (n = 29)
Protocol deviation (n = 20)
Clinical care (n = 6)
Other (n = 13)

Primary
analysis
(n = 344)

Figure 2. Flow chart for patient enrollment.
CT, computed tomography.
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Table 2. Infrascanner diagnostic performance.

Any hematoma
(95% CI)

Hematomas within
the detection limit
of the infrascanner
(95% CI)

Negative predictive
value

93%
(209/224)
(89% - 96%)

99%
(221/224)
(96% - 100%)

Positive predictive
value

18%
(21/120)
(11% - 26%)

11%
(13/120)
(6% - 18%)

Sensitivity

58%
(21/36)
(41% - 75%)

81%
(13/16)
(54% - 96%)

Specificity

68%
(209/308)
(62% - 73%)

67%
(221/328)
(62% - 72%)

Predictive Youden’s
index

0.11
(0.10 - 0.15)

0.09
(0.08 - 0.12)

Youden’s index

0.26
(0.27 - 0.32)

0.49
(0.47 - 0.51)

CI, confidence interval.

DISCUSSION
We demonstrated in this multicenter pediatric device
validation study that the Infrascanner handheld NIRS detection
system had an NPV of 98.7% and a sensitivity of 81%
compared to HCT for detecting intracranial hematomas within
the detection limit of the device. The device’s specificity was
71.1% for any hematoma after accounting for the operator
outlier. These results extend the growing body of literature
evaluating the utility of this device for non-invasively detecting
traumatic intracranial hematomas in children.8,9
Our sensitivity of 81% was comparable to what has been
reported in the pediatric literature (85-100%).9 The undetected
hematomas in our study likely resulted from a discrepancy
between the location of the intracranial hematoma and the
standardized Infrascanner probe positions on the scalp.
The missed temporal hematomas (Figure 3 A and B) were
likely inferior to the placement of the device (Figure 1). The
placement of the scanner for the missed frontal bleed (Figure
3 C) was likely superior to hematoma location, partially due
to ecchymoses around the patient’s ipsilateral orbit. While
repositioning the device slightly to avoid areas of scalp injury
or obvious hematomas is permissible per the standardized
protocol, it may have contributed to the missed bleed and
lower sensitivity. A Turkish study that evaluated 161 pediatrics
patients found the device’s sensitivity to be 85.7%, although
details about the location of missed hematomas and device
placement were not provided.10
Our study also found a specificity of 71% after accounting
for the operator outlier, which was near the low end of what
Western Journal of Emergency Medicine

Kirschen et al.

has previously been reported in the pediatric literature (65100%).9 One prior pediatric study reported a specificity of 65%,
although in this study the lower specificity may have been
impacted by the fact that operators were not required to confirm
positive Infrascanner measurement three times.10 We used 45
operators across three sites for this study with a majority of the
operators being trained by investigators and study coordinators.
This contrasts prior pediatric Infrascanner studies that used
only a few operators who were all trained by the company.
After excluding one poor-performing operator, we found no
association between operator experience and false positive rate.
Finally, unmeasured patient- and operator-related factors may
have contributed to the lower specificity in our study.
It’s worth noting that the detection limit of the device is
for hematomas 3.5 mL in volume and 2.5 cm from the surface
of the brain, which was determined from adult and phantom
data.22 It is conceivable that the same size hematoma may be
of greater clinical significance in a child than in an adult due
to the fact that it will occupy a proportionally larger volume
in the intracranial vault. A hematoma volume of 3.5 mL is
approximately 1% of the total brain volume at birth and
less than 1% of total brain volume for older children.23 One
study found that a hematoma that was 2-4% of total brain
volume yielded an elevated risk of moderate disability at
three months.24 Hematomas ≤ 2% of total brain volume were
not associated with severe disability or death. Therefore, it is
likely that a hematoma detection size limit of 3.5 mL (~1%
total brain volume) is sufficiently small as to be of limited
clinical importance across all pediatric ages. Additionally,
there is a lack of pediatric data and consensus regarding the
association between the size of traumatic hematomas, clinical
outcomes, and indications for surgical intervention.25-27

Figure 3. Computed tomography images of three hematomas not
detected by the handheld brain scanner.
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Table 3. Clinically important traumatic brain injury outcomes and detection limit of the handheld scannner.
Hematoma within the detection limit of the
infrascanner

Clinically important TBI
Death
Neurosurgical intervention
Intubation ≥ 24 hours
Hospital admission ≥ 2 nights

Hematoma outside the detection limit of the
infrascanner

Infrascanner
Positive
(N = 13)

Infrascanner
Negative
(N = 3)

Infrascanner
Positive
(N = 8)

Infrascanner
Negative
(N = 12)

10 (76.9%)

2 (66.7%)

3 (37.5%)

2 (16.7%)

--

--

--

--

4 (30.8%)

--

--

--

--

--

--

--

10 (76.9%)

2 (66.7%)

3 (37.5%)

2 (16.7%)

TBI, traumatic brain injury.

The device is unable to precisely determine the location
(eg, subdural vs epidural) and volume extent of intracranial
hematomas. Since Infrascanner measurements rely on
comparing light absorption in contralateral brain regions,
bilateral hematomas may be difficult to detect, and did not
occur in any patients in this study. They are uncommon in
clinical practice, and occur mostly in the setting of abusive
head injury. The device is unable to detect infratentorial or
brainstem hematomas with the current standardized protocol.
Lastly, the device requires highly trained operators who
maintain proficiency in standardized probe positioning,
managing device error messages, and meticulous positioning
of the device to avoid hair, foreign bodies, and scalp
hematomas while applying the optimal pressure against
to scalp to yield reliable measurements and limit patient
discomfort. Design improvements that will render the device
less operator dependent and reduce the need for training/
retraining in future generations of the technology are
recommended. These improvements have the potential to
reduce the false positive rate preventing unnecessary HCT.
Given the high NPV of the Infrascanner device for
detecting intracranial hematomas, it can serve an adjunctive
role to decision rules that predict the risk of a significant
intracranial injury in children with head trauma. For
those children in a non-low risk category by prediction
rule application, a negative Infrascanner assessment may
obviate the need for neuroimaging or a prolonged period
of observation. Our study provides preliminary evidence
that studies of a larger cohort of children with head trauma,
including more patients with variable hematoma sizes and
locations, may help determine whether the Infrascanner’s
diagnostic performance can be further improved by tailoring
the ΔOD threshold of >0.2 or the standardized probe
positions for children. It may also be beneficial to explore
the role of this radiation-sparing technology in comparison to
biochemical markers of traumatic brain injury.
LIMITATIONS
Our study had several limitations. The main limitation
Volume 22, no. 3: May 2021

was that the study was unable to enroll a sufficient number
of subjects with intracranial hematomas to perform the
planned hypothesis test of sensitivity. A total of 82 intracranial
hematomas was required to yield 80% power. The final count
of 16 hematomas within the detection limits of the device was
low enough that power was 18.5% and only a sensitivity of
100% (16/16) would have resulted in passing the non-inferiority
hypothesis test of sensitivity. As explained previously, an
alternative hypothesis test of the predictive Youden’s index
was developed prior to data unblinding. Whereas sensitivity
only uses data from patients with intracranial hematomas, the
predictive Youden’s index is a more comprehensive measure
that assesses performance using data from all evaluable patients.
Although the study did not reach the original planned sample
size, the number of evaluable patients (n = 344) was sufficient
to provide >90% power across a range of prevalence rates.
The reasons the study did not identify the planned 82 patients
with intracranial hematomas were multifactorial and included
that patients with severe TBIs who had the greatest likelihood
of having intracranial hematomas required acute resuscitation,
emergent neuroimaging, and transfer from the ED to either the
operating room or the intensive care unit for further care and
were not enrolled, although we do not have the exact number
of patients where this occurred. Research staff did not have
sufficient time or access to the patient to perform the Infrascanner
assessment, and it was not feasible to obtain informed consent
given the clinical circumstances and competing priorities. We
categorized reasons why patients were ineligible on screening
and why eligible patients were not enrolled. Four percent and
seventeen percent of these patients, respectively, were categorized
as “other” and we are unable to further determine the rationale.
Twenty-six percent of enrolled patients were not evaluable.
Additionally, there was non-uniform training of study
team members, as some were trained by representatives from
the company and others by the lead investigator and research
coordinator. Overall, fewer patients than expected presented
with TBI and patients could only be enrolled when trained
Infrascanner operators were available. Given the smaller
than expected number of hematomas within the detection
789
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limit of the device, we did not have enough patients with
intracranial hematomas to comprehensively evaluate the
device’s performance by hematoma location or size, or
the impact of distance from the surface of the brain for
intraparenchymal hematomas.
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The COVID-19 pandemic has been a significant catalyst for change in medical education and
clinical care. The traditional model of bedside clinical teaching in required advanced clerkships was
upended on March 17, 2020, when the Association of American Medical Colleges recommended
removing medical students from direct patient care to prevent further spread of the disease and also
to help conserve scarce personal protective equipment (PPE). This created unique challenges for
delivering a robust, advanced emergency medicine (EM) clerkship since the emergency department
is ground zero for the undifferentiated and potentially infected patient and has high demand for PPE.
Here, we describe the development, application, and program evaluation of an online-based, virtual
advanced EM curriculum developed rapidly in response to the COVID-19 pandemic.
Starting March 23, 2020, we began rotating fourth-year medical students through a four-week
rotation. We completed a total of four virtual clerkship experiences comprised of 56 students through
July 27, 2020. Through analysis of the students’ performance on a national standardized EM shelf
exam, students participating in this virtual clerkship demonstrated a fund of knowledge that was not
significantly different from that of their peers who completed a traditional clerkship in the specialty
prior to the pandemic interruptions. Additionally, the critical review of the traditional course created
the opportunity to make improvements and enrich the medical student educational experience in
a virtual environment and upon resumption of the traditional course when students returned to the
in-person environment. The resources provided for those interested in adopting our pedagogical
approach include a course syllabus, calendar, and learner summative assessment. [West J Emerg
Med. 2021;22(3)792–798.]

BACKGROUND
In 2006 Cooke and her colleagues observed in a New
England Journal of Medicine review article that “Medical
Education seems to be in a perpetual state of unrest.”1
Nationally the need to develop a virtual clerkship model
became necessary when the Association of American
Medical Colleges (AAMC) issued a statement strongly
discouraging students from direct patient care in light of the
COVID-19 pandemic, and extended stay-at-home orders
were implemented in states across the country. This removed
opportunities for bedside teaching in the course of direct
patient care but also eliminated the ability for students and
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faculty to meet in classroom and simulation environments.
Although the modern era has seen a large increase in
technological innovation and online-based learning modules,
up until now those advances have always served to augment
traditional bedside training, not supplant it (Figure 1).2
Our institution has a required fourth-year emergency
medicine (EM) curriculum for all students. Sixteen of the
fourth-year students from the Class of 2020 who were
previously enrolled in the March 23 rotation were switched
to the virtual learning environment to meet graduation
requirements. In the spring, fourth-year students of the Class
of 2021 were given the option of completing the virtual
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curriculum to fulfill their EM requirement or take their EM
clerkship in the fall/winter in the traditional clinical model.
Forty students elected to enroll in the virtual EM curriculum
from April 27–July 26, 2020, representing 49% of the Class
of 2021.
Students were able to return to the clinical environment
in late summer; however, we still experienced periodic
interruptions in medical education due to the need for
quarantine and isolation among our learners. Moreover, in
January 2021 the AAMC recommended that medical students
not be involved in the direct care of known or suspected
COVID-19 patients. For those students able to participate
in direct patient care the undifferentiated nature of acute
emergency patients, and the wide variability of presenting
complaints in active COVID-19 disease, has limited the
number of patients the medical students could see and the
number of procedures they were allowed to participate in
despite their return.
Although emergency departments (ED) provide robust
learning opportunities for medical students through the
acute, undifferentiated patient, evidence suggests that student
exposure to recommended curriculum presentations and
procedures was limited even before COVID-19. In a study
published in 2014, case logs from 130 students at three
institutions were reviewed. Only 15.4% of students saw 10
required conditions during their rotation, although 76.9% saw
at least eight.4 This finding provides evidence that even in the
traditional bedside model, advanced clerkship curriculums are
lacking key educational components since certain conditions
are far less likely than others to be encountered.
The lack of clinical exposure available to students was
compounded by a general decrease in ED patient volumes
nationally. According to the National Syndromic Surveillance
Program, ED visits declined 42% during the early COVID-19
pandemic.5 Volumes continued to languish through the
summer months, and an analysis from TransUnion Healthcare
found ED visits were down 25% through August 2020.6
As students return to patient care in EDs, educators must
be prepared for the possibility that volumes will not be

Figure 1. Timeline of the development and implementation of
a virtual emergency medicine clerkship during the COVID-19
pandemic.3
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Population Health Research Capsule
What do we already know about this issue?
Medical students were removed from the
clinical learning environment in response to
the COVID-19 pandemic.
What was the research question?
How are virtual students’ educational
outcomes different from students in clerkships
with direct patient contact?
What was the major finding of the study?
Virtual students’ exam scores were not
significantly different from peers’ scores in the
in-person setting.
How does this improve population health?
Beyond the COVID-19 pandemic interruptions,
this virtual curriculum is useful in situations
where students have limited access to direct
patient care.

sufficient to ensure a robust educational experience without
supplemental material taught in a nonclinical setting.
Having a prepared contingency plan for an online-based
curriculum for students who are experiencing interruptions
in their education due to quarantine, isolation, or other
unforeseen events or absences not related to COVID-19
is a beneficial resource. A bank of chief complaint-based
activities and resources can help augment an in-person
ED clerkship if there is a specific, patient encounter
deficiency identified by the student or educator. This course
as it is designed in its entirety also has utility in a postpandemic world as an elective offering for both EM and
non EM-bound students interested in building the medical
knowledge base of EM in self-directed study. This study
was granted exception status by the Western Michigan
University Homer Stryker M.D. School of Medicine
institutional review board.
OBJECTIVES
At the outset, the virtual clerkship curriculum was
designed to capture as many of the institutional educational
objectives contained within the live clerkship as possible to
ensure that our students were minimally disadvantaged by
the change in content delivery. The course was to remain
academically rigorous, so that COVID-19 did not become an
excuse for students to receive a watered-down version of the
curriculum or progress without an EM experience altogether.
Table 1 summarizes the key changes in curriculum design and
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assessment methodology for each learning objective from an
in-person clerkship to a virtual one.
CURRICULAR DESIGN
Using Kern’s six-step model for curriculum development
in medical education, we developed a four-week course for
the fourth-year medical student that combined independent,
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self-directed learning with live, synchronous team-based
discussions that served as a replacement for a hands-on,
direct patient encounter-oriented EM clerkship.7 Due to time
constraints, we were not able to perform a formal targeted
needs assessment of the students or to survey academic
faculty. Rather, conversations among the academic faculty in
the days following the removal of students from the clinical

Table 1. Objectives, instructional methods, and assessment strategies for a virtual emergency medicine clerkship curriculum.
Comparison to traditional in-person
Learning objective
Instructional design and means of assessment
clerkship
Understand the complaint-directed
history and physical exam

Role-playing using mock oral board format

Substitution of patients for residents
and attendings during role-playing
patient encounters

Develop a case-specific differential
diagnosis

Team-based learning using real-life and textbook-based
case presentations

Decreased opportunities for practice
with lack of patient encounters

Virtual platform (Online MedEd CaseX) with immersive
and interactive case play to allow learners to develop
their differential after seeing video of patient and seeing
the history and exam details.
Role-playing using mock oral board format
Present cases in a clear and
concise fashion

Role-playing using mock oral board format

Decreased opportunities for practice
with lack of patient encounters

Demonstrate an understanding
of the use and interpretation of
commonly ordered diagnostic
studies

Team-based learning using real-life and textbookbased case presentations

Missed opportunity to practice writing
real orders in the electronic health
record

Role-playing using mock oral board format
Virtual platform (Online MedEd CaseX) with immersive
and interactive case play to allow learners to think
about what they would order after seeing video of
patient and seeing the history and exam details

Develop appropriate case
management plans

Team-based learning using real-life and textbookbased case presentations

Decreased opportunities for practice
with lack of patient encounters

Role-playing using mock oral board format
Virtual platform (Online MedEd CaseX) with immersive
and interactive case play to allow learners to think
about what they would order after seeing video of
patient and seeing the history and exam details
Demonstrate an adequate fund of
knowledge

Traditional lectures, grand rounds, supplemental
readings, podcasts
Assessed with daily quizzes (formative) and the
National Board of Medical Examiners Emergency
Medicine Clerkship Shelf Exam (summative)

Able to go into depth and cover
more topics formally than during the
traditional model

Demonstrate understanding of
indications, contraindication and
techniques of basic procedural skills

Team-based learning using real-life and textbookbased case presentations

Unable to have the student
demonstrate proficiency in the
procedural skill itself

Demonstrate emergency
recognition and management

Team-based learning using real-life and textbookbased case presentations

Substitution of patients for residents
and attendings during role-playing
patient encounters

Role-playing using mock oral board format

Western Journal of Emergency Medicine

794

Volume 22, no. 3: May 2021

Virtual EM Clerkship Curriculum During COVID-19

Redinger et al.
environment identified the desire for team-based discussions
focused on the most frequently encountered chief complaints
and strategies to increase student interaction and engagement.
Self-directed, lifelong learning is an essential component
to the professional development of physicians.8 A completely
asynchronous course could serve adequately to deliver
the content. However, by maintaining the social structure
of the clerkship environment and moving to regular, live,
synchronous, team-based discussions, students were supported
and empowered in a more engaging learning environment. In
Understanding Medical Education, Kaufman and Mann write,
“Learning occurs not only individually, but in collaboration
with others.”8 Collaborative strategies employed in team-based
sessions included the following: role-playing with debriefing
in an oral board exam format; case discussions; traditional
lectures; and question- and-answer sessions to help students
with challenging material from their self-directed learning.
The course was organized by the 12 most common chief
complaints and procedures students would encounter in the
clinical setting. Woven throughout the course were sessions
in radiology and electrocardiogram (ECG) interpretation and
supplemental learning from textbooks, primary journal articles,
podcasts, online board review, and Free Open Access Medicine
blog posts. In choosing these particular resources, the aim was
to recreate the bedside teaching of preceptors by incorporating
review of ECGs and imaging studies and opportunities to hear
from experts in the field clinical pearls, personal experiences,
primary literature, and high-yield questions they might have
been asked on shift. The students completed a daily quiz to
reinforce topics and in preparation for the National Board of
Medical Examiners (NBME) shelf exam. Each student was
also asked to prepare a case presentation (Appendix 1: Course
Syllabus, Appendix 2: Course Calendar).

medical services or clinical staff of the patient interview. The
main limitation of this particular resource was that it was not
EM specific. As a result, encounters most relevant to the ED
were selected from their available cases for internal medicine,
obstetrics/gynecology, surgery, pediatrics, and psychiatry.
Audio content, especially the C3 series from EM:RAP, was
used because it provided robust audio content specific to EM,
including patient interviews.9,10

Resources
We found that there were advantages and disadvantages
of the resources we used in building our curriculum (Table 2).
The transition of the medical school to Microsoft Teams via
our Office 365 platform (Microsoft Corporation, Redmond,
WA) was seamless and offered both security and functionality
in classroom management advantages over other video- and
audio-conferencing software. Using the software, virtual
classrooms were built in the Microsoft Teams platform, which
allowed one place for video conferences, news feed with chat
functions, class assignments, daily quizzes, and grade book.
We also used curated content built around simulated patient
encounters employing Online MedEd Case X (Online MedEd,
Austin, TX) videos and Emergency Medicine Reviews and
Perspectives (EM:RAP) (EM:RAP, Inc., Burbank, CA) podcast
audio of EM patients and relevant cases.8 We aimed to find
resources with opportunities to observe the sights and sounds
of the ED using multimedia formats as a surrogate for the
obvious deficiency of patient-student interaction. Online MedEd
Case X provided video of real patients captured by emergency
Volume 22, no. 3: May 2021

Challenges
The most obvious challenge was the lack of immersive
experiential learning (Table 3). Although the formal curriculum
and educational objectives remained unchanged, with adaptations
only to content delivery and assessment, components of the
informal curriculum that come from the apprenticeship in
the direct clinical environment could not be duplicated. This
particular challenge was congruent with limitations described
during a novel urologic medical student virtual subinternship
developed in response to the COVID-19 pandemic.11
During weekly interactive, didactic Teams meetings and
also during mock oral board-style cases, instructors assumed
the role of patients to re-create opportunities for patientstudent interviews. These encounters were well received and
provided much needed feedback to the learner about their
interviewing skills. Unfortunately, lack of time and available
instructors was a significant limitation to providing more
opportunities like this. Use of procedural skills training,
simulation, and standardized patient would be an obvious
surrogate to help mitigate some of this. However, our
simulation center was closed due to state- mandated stay-athome orders. Additions of these types of events for future
iterations of this course would be beneficial.
Additional challenges included technical problems
common to online meetings such as poor connectivity,
background noise, or unintentional unmuted distractions. Dost
and colleagues reported their survey of over 2500 United
Kingdom medical students’ perceptions of online medical
instruction during the COVID-19 pandemic and found that
the most commonly cited student barriers to learning in the
virtual environment were family distraction (26.76%) and
poor internet connection (21.53%).12 Recognition of perceived
student barriers to learning may help to identify students
vulnerable to the challenges of the virtual environment.
Not exclusive to EM, or even to medical education
broadly, fostering participation in the virtual setting is
difficult. Success in this environment is dependent on active
participation and engagement throughout the course.13 Our
instructors reported that teaching in an online environment
can feel lonely if students are participating by calling into
sessions but not using the video technology or other chat
features. Our students also reported feelings of isolation from
their peers in this environment. Incorporating opportunities
for group discussion or participation through games, polls,
or small-group breakouts may help to mitigate this.13,14 Clear
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Table 2. Virtual platforms with advantages and disadvantages.*
Resources
Microsoft Teams

Advantages

Disadvantages

Allows for the development of a virtual classroom, one platform to
build and house the assignments and quizzes and to track grades

During the clerkship we noted difficulty
with access for those not using their
internal, institutional email address

Secure
Easy file- and calendar-sharing; able to copy classroom for new
rotation of learners without having to reload all the content and
assignments
Online MedEd Case X

EM:RAP C3 series

SAEM EM Curriculum

Video of real patients captured by EMS or clinical staff of the
patient interview

Not EM specific; cases were pulled
from other clerkship content

Interactive, allowing the learner to sequentially go through the
history and physical exam, differential diagnosis, and treatment
choices

Paid subscription

EM-specific case series incorporating audio from patient
encounters in the ED setting with commentary from emergency
physicians

No visual components to allow learner
to see patient

Video content for medical students on delivering an effective
oral presentation, transferring care of a patient, and calling a
consultation

Asynchronous content; not interactive

Paid subscription

Excellent summary articles for supplemental reading
Sublux Radiology App

Plain film radiology with anatomy and pathology overlays of
imaging
Includes normal radiographs for comparison
Interactive for the learner, with clinical pearls and management
of findings
Free and available on iOS and Android platforms

A Night in the ER App

Simulates reading CT images, including scrolling as on PACS
imaging systems

Available only on iOS; not available for
Android

EM specific
Interactive and labeled to highlight pathology
Free
*This table offers the virtual platforms used in our virtual clerkship and is not meant to be a comprehensive list of all available platforms
for online emergency medicine education.
EMS, emergency medical services; EM:RAP, Emergency Medicine Reviews and Perspectives; SAEM, Society for Academic
Emergency Medicine; EM, emergency medicine; CT, computed tomography; PACS, picture archive and communication system.

expectations for attendance, participation, and communication
are essential and may be incorporated into institutional policy.
IMPACT / EFFECTIVENESS
Evaluation of students in the prior, in-person clerkship
used an honors, high pass, pass, and fail grading scale based
on patient encounter presentations, professionalism, and the
NBME shelf exam. We simplified this to a pass/fail model for
the online environment. Previous assessments were so heavily
informed by the clinical encounter that, unfortunately, they
Western Journal of Emergency Medicine

became irrelevant to provide any meaningful feedback to the
student. Therefore, new clerkship summative assessment forms
were created to better capture the student’s engagement in the
course and provide feedback on their strengths and opportunities
for growth (Appendix 3). This also better served to capture
the student’s effort and fitness for residency in creation of the
Medical School Performance Evaluation letter narratives and
faculty letters of recommendation.
For EM-bound applicants, this course served to enhance
their medical knowledge foundation in the field and enabled
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them to interact with the EM faculty in a virtual setting and
avoid interruptions in their education from having a cancelled
rotation. At our institution, these students were able to complete
a home clinical rotation as soon as possible, allowing time for
faculty to write a Standardized Letter of Evaluation and provide
clinical feedback to the students. An interesting observation by
the instructors who evaluated the group of EM-bound students
involved in both the virtual and a subsequent traditional in-person
clinical rotation was that those students who excelled in the
virtual environment as evidenced by high test scores and good
participation during online sessions, although they still did very
well, did not necessarily maintain their top spots when evaluated
during the clinical experience.
Alternatively, some students who were assessed as having
average medical knowledge during the virtual clerkship, excelled
in the clinical setting as they were able to showcase professional
traits such as tenacity and ability to establish rapport, which are
essential to the practice of EM. It is for this reason the virtual
clerkship experience is not sufficient as the only method of
exposure to the specialty for the EM-bound student. For those
interested in EM as a career, we recommend that the student
participate in an in-person clinical experience prior to applying
to the specialty so that they can make an informed decision about
whether EM is the right specialty choice for them.
It was our hope that the virtual clerkship would provide
the same level and quality of conventional instructional
resources needed to fulfill the learning needs of the fourthyear medical student. To assess the extent to which these
aims were achieved, we designed a multimethod evaluation
study that included the analysis of student scores on the EM
shelf exam and a thematic study of comments elicited from a
student focus group.
We performed a t-test for independent means comparing
the composite scores of students completing the virtual
rotation with the composite scores of students who

completed the traditional rotation prior to the mandated
shutdown of clinical education. Scores among the 56
students who completed the virtual rotation (X̅ = 81.18,
standard deviation [SD] 6.55, 95% confidence interval [CI],
79.42, 82.93) were not statistically different from the 48
students completing the traditional rotation during that same
academic year in the six months prior to the COVID-19
pandemic (X̅ = 79.38, SD 6.85, 95% CI, 77.39, 81.36),
t(102) = 1.317, P = .174, 95% CI [-.808, 4.415]. This finding
provides evidence that the development of students’ fund of
knowledge in EM was not attenuated by their participation in
the virtual rotation experience.
Post-course, we assembled a student focus group and
asked participants to describe their thoughts about the merit,
value, or shortcomings of the virtual clerkship. The following
themes emerged from their comments:
The virtual clerkship was well constructed and organized.
• “Every week there was a theme, you know, like trauma,
abdominal pain, or chest pain. Solid, worthwhile topics
that were laid out for us.”
• “This was my favorite virtual thing that I’ve done. The
clerkship director did a great job with providing us with a
variety of cases and ways to learn.”
• “The other virtual clerkships I did allowed us to use
whatever resources we wanted. That made things
scattered and unorganized.”
• “There were daily assignments, reading, and cases we had
to do. And there was accountability because you had to
turn things in through Teams.”
Quality resources and activities are paramount for
authentic learning.
• “I thought the podcasts were really great. She [the clerkship
director] should continue to use them even after things go

Table 3. Challenges with virtual learning environments and proposed solutions.
Challenges identified

Proposed solutions

Lack of immersive experiential learning
from direct patient contact

Include opportunities for interactive live didactic sessions, and employ multi-modal
sessions including video, audio, team-based learning, role-playing, and group discussion

Limited opportunities for direct feedback to
learners

Incorporate opportunities for mock oral board-style cases with time for debriefing and
feedback

Lack of procedural skills training

Consider sending supplies, such as suture material, to learners to have them practice
at home while watching procedure videos or during live didactic sessions

Low participation from learners during live
sessions

Encourage students to have their cameras on when speaking during live interactive
sessions
Set expectations for attendance, participation and communication, and consider
incorporation of expectations into institutional policy
Incorporate methods such as games, polls, quizzes or breakout rooms, which have
been shown to encourage student participation
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back to normal.”
• “Students got to choose a topic relevant to EM to make a
presentation on. As a non-EM-bound student, getting to
choose what to learn about was a very good approach as far
as being valuable to me as a learner.”
• “She gave us so many high-quality EM resources. Anyone
who does well with self-directed learning would benefit from
this format.”
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To the Editor:
With interest we read the review article by Valiuddin
et al. about the neurological implications of coronavirus
disease 2019 (COVID-19) (neuro-COVID).1 The authors
listed ischemic stroke, transverse myelitis, seizures, acute
hemorrhaghic necrotising encephalopathy (AHNE), acute
disseminated encephalo-myelitis (ADEM), posterior
reversible encephalopathy syndrome (PRES), myasthenia,
and sinus venous thrombosis as central nervous system (CNS)
manifestations, and hyposmia/hypogeusia, Guillain-Barré
syndrome, facial palsy, ophthalmoparesis, and neuropathy,
as peripheral nervous system (PNS) manifestations of
COVID-19.1 We have the following comments and concerns.
The review is comprehensive but does not include the
entire spectrum of neuro-COVID-19. Several neurological
manifestations of COVID-19 in the CNS and PNS were not
discussed. CNS disorders not included in the review were
intracerebral bleeding,2 cerebral vasculitis,3 acute cerebral
demyelination,4 headache,5 myoclonus-ataxia syndrome,6
limbic encephalitis,7 cytokine release syndrome,8 delirium,9
and psychosis.10 Peripheral nervous system disorders
not included in the review were isolated oculomotor,
trochlear, facial, or hypoglossal nerve palsy,11 myositis/
dermatomyositis,12 myopathy,13 and rhabdomyolysis.14
There was no discussion about the putative delineation
between neurological disorders due to direct attack of the virus
(primary manifestations), secondary CNS/PNS disorders due
to the immune response (secondary manifestations), and those
occurring as a side effect of the treatment or involvement of
other organs than the CNS (tertiary manifestations). Whether
such a distinction is truly permissible is under debate. Limited
data from animal and basic science research are currently
available. Disregarding this debate, there are indications that
the virus enters the CNS via the blood brain barrier (BBB) or
via retrograde invasion along peripheral nerves, as mentioned
in the review.1,15 There are even indications that the virus
disrupts the BBB.16 Interestingly, in most of the CNS disorders
claimed to have been triggered by direct contact of the virus
Volume 22, no. 3: May 2021

with CNS structures, investigations of the cerebro-spinal fluid
(CSF) did not confirm the presence of the virus in the CSF.
Absence of the virus in the CSF has been explained by rapid
entering of the virus intra-cellularly, thus being present in the
CSF only temporarily for a short time. Accordingly, virusRNA has been found inside neurons and glial cells.17
Since the infection triggers an immense immune reaction,
it has been speculated that the immune reaction is responsible
for many or most of the neurological comorbidities in
COVID-19 patients. This is even the case for encephalitis,
which is often characterised by a negative polymerase chain
reaction test for the virus in the CSF and thus interpreted as
immune encephalitis. Other immune-mediated CNS/PNS
disorders in COVID-19 include limbic encephalitis, cerebral
vasculitis, AHNE, cytokine-release syndrome, myoclonusataxia syndrome, ADEM, delirium, psychosis, transverse
myelitis, isolated cranial nerve palsy, myositis, or myasthenia.
Side effects of treatment have to be clearly delineated
from primary or secondary neurological manifestations of the
viral infection. Adverse reactions to treatment particularly
manifest in the PNS. CNS/PNS diseases due to adverse
reactions include cerebral hypoxia, critical ill neuropathy,
critical ill myopathy, myasthenic syndrome, myopathy, and
toxic neuropathy. Agents with a neurotoxic potential include
hydro-chloroquine, which may trigger toxic myopathy,
steroids, which may induce mitochondrial myopathy,
tocilizumab, which may trigger myositis, and azithromycin,
which may cause rhabdomyolysis.
Though the authors state that myasthenia gravis (MG) can
be a complication of COVID-19, they cite the paper by Anand
et al. who only described five patients with pre-existing MG
(four due to antibodies against the acetyl-choline receptor, and
one due to antibodies against tyrosine-kinase) who experienced
an infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Thus, this article cannot be
taken as an example of SARS-CoV-2 triggered MG. More
appropriate for documenting MG triggered by SARS-CoV-2
is the study by Restivo et al. who described three previously
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neurologically normal patients who developed confirmed MG
after onset of the classical manifestations of COVID-19.18
Finally, we do not agree with the listing of MG among
the CNS disorders triggered by SARS-CoV-2 in Table 1.1
Myasthenia gravis is a prototypic PNS disorder and should not
be mentioned among the CNS but the PNS disorders.
Overall, the interesting review has a number of limitations,
which need to be accomplished before drawing final
conclusions. The spectrum of neurological disease triggered
by SARS-CoV-2 is broader than anticipated. Neurological
disease possibly results from a direct virus attack, from the
immune response, or from side effects of the treatment of
pulmonary manifestations.
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COVID-19. Mov Disord Clin Pract. 2020;7:977-9.
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We were very interested to read the manuscript by Janicki
and colleagues, and we are grateful for their contribution to the
literature.1 We agree that stress is a major problem for emergency
physicians.2 But we had two concerns with the study design.
We performed a similar study with wearable devices and
photoplethysmography but had a problem with motion artifact
that precluded using all of the collected data in analysis.3 Did
the authors also experience any problems with motion artifact
interfering with data analysis? It is hard to imagine that there
were no problems.
We do not think that the authors made a fair comparison
when they measured the heart rate and heart rate variability of
subjects during didactics and compared them to clinical shift
work. We have previously found that our residents walk on
average 2.6 miles per shift, 588 steps per hour.4 The simple
physical activity of clinical shift work should cause some change
in heart rate variability, which may account for a lot of the
observed difference and not stress.
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We first want to thank Peters and colleagues for their
interest in our work. They bring up two notable points in
discussing our study.
We utilized three-lead Nasiff CardioHolter monitors to assess
physiologic parameters. The raw data was downloaded directly
from Holter monitors using Nasiff software and then reviewed
by study authors to ensure quality data was obtained. While there
was some motion artifact throughout the shift, the majority of
the data was reliable with discernible QRS complexes in one
of the three leads. We did not quantify the amount of artifact in
each reading. This data was then analyzed using the provided
software. When designing the study, we felt that a three-lead
Holter, although less convenient and comfortable, would afford
us additional data over pulse rate sensors. We do acknowledge
as a limitation that we cannot account for all data obscured by
artifact as we cannot control how the software decides to analyze
and provide specific summary measures.
While prior literature has shown heart rate (HR) and heart
rate variability (HRV) change during acute stress, their use as
a proxy for stress is imperfect with no true gold standard.1 This
is evidenced by how different studies operationalize various
measures of HRV using different time points. Physical activity
while on shift was normally limited to mild intensity walking,
standing, and sitting, as evidenced by our HR data (mean 78
beats per minute, maximum 114 beats per minute during clinical
work), but we acknowledge that even mild intensity activity
may have affected HR and HRV. Prior work has demonstrated
that any exercise will decrease HRV and increase HR, but there
appears to be an intensity dose-response with HRV reaching
a minimum at moderate-high intensity – sustained heart rates
of 120-160 beats per minute for 3-10 minutes.2 Obtaining
additional baseline data during mild exertion would certainly
clarify our findings, but we also acknowledge that there are
numerous variables that affect HR and HRV such as time of
day, exertion, hydration status, life stressors, age, gender, etc,
Western Journal of Emergency Medicine

and controlling for all of these was not feasible.
Future studies should focus on disentangling the physical
activity component of HRV versus the effects of acute stress
via interaction with patients in an emergency setting to
confirm our findings. We hope that our qualitative data helps
inform future work evaluating the acute stress response and
the impact of acute stress on EM resident performance.
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