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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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The Sandy Hook Elementary School mass shooting on
December 14, 2012, killed 26 people including 20 young children
ages six to seven. The Sandy Hook shooter fired 154 bullets in
less than four minutes, or about 38 bullets per minute from a
semiautomatic rifle.
When the bullet leaves a Bushmaster rifle, it travels over
2000 feet per second. This velocity gives this bullet its devastating
wounding potential. As this rifle bullet penetrates a human body,
the energy of the bullet tears and shreds through tissue and bone,
resulting in fractures, ruptured livers, and swollen brains, leading
to hemorrhage, shock, and death. As an emergency physician, I
have cared for hundreds of patients injured by bullets. I have had
to tell parents that their teenager has died. Even those who survive
are forever maimed and suffering. As a physician, I am interested
in better understanding this pathogen of gun violence: the bullet
and the guns that carry them.1
Recently, my colleagues and I at the Medical College
of Wisconsin’s Comprehensive Injury Center focused our
attention on the bullet and its energy. This energy is a measure
of the potential for causing wounds. Other factors play a role in
wounding including the mass of the bullet and the direct tearing of
tissues. But understanding the energy of a bullet and its wounding
potential can help develop better treatment of the wounds.
Using the latest in high-speed video cameras, we discharged
bullets through gelatin, which is commonly used to mimic human
tissue. We measured the kinetic energy release of a modern,
high-speed rifle bullet, and of a musket ball similar to those used
in the 1780s (https://www.mcw.edu/departments/comprehensiveinjury-center/research). Note the dramatic difference in speed,
cavitation, wave propagation, and resultant tissue damage of the
rifle bullet vs the musket ball. We found that the rifle bullet’s
energy release was over nine times greater than the musket
ball because of the rifle bullet’s significantly greater velocity
compared to the musket ball’s velocity.
In 1789, when the Second Amendment was passed by
Congress, the average number of musket balls that could be fired
by a member of the militia was about two per minute. Using this
number-of-bullets-released-per-minute comparison, the Sandy
Hook mass shooter represented the equivalent of 19 militiamen
storming the elementary school. Even worse, the energy of the
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rifle bullet released by the Sandy Hook mass shooter was in turn
at least nine times greater per bullet than the energy released by
the musket balls shot by the militia. Using this energy-release-perminute calculation, and its accompanying wounding potential,
the number of bullets and their energy fired by the Sandy Hook
shooter equaled an estimated 171 militiamen storming the school.
The rifle and bullet technology of 2020 far exceeds that available
230 years ago. When Congress passed the Second Amendment,
they could not have anticipated that, in 2012, a single man in
Connecticut would use a weapon with the killing power of an
army of 171 members of the Connecticut militia.
Understanding and addressing today’s bullets, their energy,
their wounding potential, and the weapons that carry them
are essential elements in any comprehensive solution to gun
violence. It is of critical importance that all sectors of civil society
understand this energy focus when discussing policies about these
bullets and the guns that carry them.
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Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.
INTRODUCTION
Nothing is normal now, least of all the United States
Congress. As the novel coronavirus (COVID-19) pandemic
devastates Americans’ health and livelihoods, Congress has
passed sweeping legislation to address the nation’s parallel
medical and economic crises. These legislative interventions
have important implications for emergency physicians—as
frontline workers, family members, and advocates. This article
summarizes the new laws’ most relevant provisions for
emergency physicians.
LEGISLATION TO DATE
To date, the US Congress has passed four coronavirus
relief bills (Table 1).
First Law
On March 6, 2020, Congress passed the first coronavirus
relief law (Coronavirus Preparedness and Response
Supplemental Appropriations Act, Public Law 116-123). At a cost
of $8.3 billion, the law focuses on immediate pandemic response
efforts, including funding to create viral test kits, vaccine and
drug development, and aid for state and local health departments.
Second Law
At a price tag of $192 billion, Congress enacted the
Families First Coronavirus Response Act (P.L. 116-127) on
March 18, 2020. The law provides significant aid to
individuals and families suffering from the economic effects
Volume 21, no. 5: September 2020

of COVID-19 related shutdowns, including expanded
unemployment benefits and emergency paid sick leave for
eligible workers. Of note, “frontliners” (such as emergency
physicians) were excluded from sick leave expansions. This
exclusion was intentional due to concerns for potential
healthcare staffing shortages if sick leave expansions included
essential medical workers.
Third Law
On March 27, 2020, Congress passed the largest ($1.7
trillion) stimulus law in US history, the Coronavirus Aid,
Relief, and Economic Security (CARES) Act (P.L. 116–136).1
The CARES Act dramatically escalated Congress’ response to
the virus’ staggering economic impact through direct stimulus
cash payments to most Americans, expanded unemployment
benefits, and aid to businesses.
Most notably for healthcare providers, the CARES Act
created the Provider Relief Fund (PRF) with $100 billion in
aid for healthcare organizations and clinicians of all types to
assist with lost revenues and COVID-19 preparedness
expenses. Congress gave the Department of Health and
Human Services (HHS) considerable discretion in the
distribution of PRF monies. HHS subsequently faced an
onslaught of funding appeals from various provider groups. To
date, PRF disbursements have included the following:
• $30 billion based on a provider’s share of 2019
Medicare fee-for-service reimbursements. 320,000
providers received funds through this mechanism.
• $20 billion based on a provider’s share of net
patient revenue; 15,000 providers received funds
through this disbursement.
• $15 billion for providers serving high numbers of
Medicaid and Children’s Health Insurance Program
(CHIP) patients. Data on the number of recipients
is pending.
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$13 billion for hospitals with high numbers of
low-income and uninsured patients based on
disproportionate share hospital (DSH) funding.
Information on the number of recipients is pending.
$22 billion for hospitals with high numbers of
COVID-19 patients.
• $12 billion was first distributed to 395
hospitals with 100 + COVID-19 patients
before April 10, 2020, which averaged to
$76,975 per eligible admission.
• A second round of payments totaling $10
billion started July 20, 2020, for hospitals
that had more than 161 COVID-19
admissions (ie, averaging one COVID-19
admission per day) between January 1–June

•

10, 2020, and/or had a high intensity of
COVID-19 admissions (exceeded the
average ratio of COVID-19 admissions/bed).
One thousand hospitals are expected to
benefit from these payments, which average
out to $50,000 per eligible admission. HHS
will consider hospitals’ funding from the first
round when allocating the second round of
payments. HHS has stated that it plans to
evaluate and provide additional relief funds
to future COVID-19 hotspot hospitals as
monies allow.
$11 billion for over 4000 rural hospitals (including
critical access hospitals), rural health clinics, and
rural health centers. Payments included a minimum

Table 1. Key provisions of COVID-19 relief laws.
Law

Date

Cost

Coronavirus
Preparedness and
Response Supplemental
Appropriations Act
(Public Law 116-123)

March 6

$8.3 billion

Families First
Coronavirus
Response Act
(P.L. 116-127)

March 18

$192 billion

Key Healthcare Provisions
•

Other Notable Provisions

Immediate pandemic response
$6.7 billion for test kits, vaccine and
drug development, and state and local
health departments
•
$100 million in grants to rural/
underserved communities
•
Health and Human Services Secretary
given the authority to loosen Medicare
telehealth restrictions
•
•

•

•

•
•

Free COVID-19 testing for the insured
•
Requires all insurers to cover COVID-19
treatment, though cost-sharing
•
requirements (co-pays, deductible, etc.)
remain in effect.
Increases federal matching funds (Federal •
Medical Assistance Percentages, FMAP)
for Medicaid by 6.2%

$20 million in small
business loans
$1.6 billion in
international COVID-19
response aid

$8 billion for nutrition
assistance programs
Expanded
unemployment
insurance benefits
Emergency paid sick
leave for eligible
workers (“frontliners”
excluded)

Coronavirus Aid, Relief,
and Economic Security
(CARES) Act
(P.L. 116–136)

March 27

$1.7 trillion

Payments
•
•
$100 billion Provider Relief Fund (PRF)
to assist with pandemic response, lost
revenues.
•
$34 billion in advance Medicare payments
to assist provider cash flow
•
•
Delayed planned disproportionate share
hospital (DSH) cuts
•
Testing & Supplies
•
$11 billion for state and local testing
•
Funding for personal protective equipment
(PPE) procurement and supply chain
improvements.
•
Requires any future COVID-19 vaccine to
be free for insured patients

$349 billion for
Small Business
Administration’s
Paycheck Protection
Program (PPP)
$25 billion for nutrition
assistance programs
Federal student loan
debt assistance

Paycheck Protection
Program and Health
Care Enhancement Act
(P.L. 116–139)

April 24

$396 billion

•
•

$321 billion more for
the PPP
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$75 billion more towards PRF
$1 billion for COVID-19 testing for the
uninsured
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base payment ($100,000 for clinics, $1 million for
hospitals) plus a percent of the site’s annual expenses.
• $4.9 billion for skilled nursing facilities (SNF). So
far, 13,000 SNFs have benefited from such funding.
• $500 million for the Indian Health Service.
HHS also reserved $12 billion for reimbursing providers
caring for uninsured COVID-19 patients. Of note, for all the
above funds, HHS requires that providers complete an online
application (which includes questions about the entity’s
finances) by certain deadline(s) and accept terms and conditions
(which include a prohibition against balance billing COVID-19
patients).
Overall, how and whether these funds will trickle down to
individual emergency physicians—many of whom have seen
their hours cut or faced furlough— remains to be seen. Given
that funds are largely disbursed through billing mechanisms,
employed and group practice physicians will likely not receive
direct payments from the relief fund. Rather, the vast majority
of PRF funding has gone to hospitals or other large care
organizations, rather than to individual clinicians.2 Solo
practitioners and/or independent contractors who manage their
own billing, however, can receive funds directly from the PRF
via their tax identification number.
Fourth Law
Following this whirlwind of COVID-19 related
legislation, Congress entered a legislative stalemate for about
a month. Ultimately when funding for small business loans
lapsed, Congressional leaders compromised, and on April 24
passed the Paycheck Protection Program and Health Care
Enhancement Act (P.L. 116–139). At a cost of $396 billion, the
law limits itself to supplemental funding for small business
loans and the PRF ($75 billion).
Next Bill
Congress sank into a period of political gridlock after the
fourth law’s passage. In an attempt to spur negotiations, on May
15 the House of Representatives passed the Health and
Economic Recovery Omnibus Emergency Solutions (HEROES)
Act (H.R. 6800). The bill represents House Democrats’ ideal
version of the next COVID-19 relief package, which they hope
will set the terms of the coming debate.
The HEROES Act comprises a wide range of provisions
from significant aid to state and local governments to direct
cash payments to most Americans. Provisions that are most
likely to affect emergency physicians include the following:
• Hazard Pay – Calls for a “Heroes Fund” of $200
billion in “premium” pay for essential workers, such
as health professionals, sanitation personnel, and
grocery store employees. Workers earning less than
$200,000 would be eligible to receive up to $10,000
in hazard pay. Workers earning more than $200,000
would be capped at $5,000. In order for employees to
get any of this money, their employer would need to
Volume 21, no. 5: September 2020

apply to the federal government for a “Heroes Fund”
grant. The employer would then distribute the grant
money to eligible workers in the form of a
supplement to the workers’ hourly wage ($13/hour)
for work done during the public health emergency
(PHE) up to the worker’s maximum eligibility
($10,000 or $5,000). Workers could not apply for
funds directly.
• Personal Protective Equipment (PPE) Standards
– The Occupational Safety and Health
Administration (OSHA) previously issued guidance
on what qualifies as proper PPE for health care
workers; this includes gloves, gowns, goggles/face
shield, and National Institutes of Safety and Healthcertified, disposable N-95 filter facepiece respirators
or higher.3 The HEROES Act tasks OSHA with strictly
enforcing these PPE standards for infection control.
Moreover, the law would prohibit employers from
retaliating against workers who report infection
control problems and protect employees who wish to
use their personally owned, more protective PPE at
work, if not provided by the employer.
• Student Loans – Grants up to $10,000 in federal and
$10,000 in private student loan forgiveness to eligible
borrowers who are struggling financially. It also
extends the pause on student loan payments until
September 2021 for nearly all federal loan types.4 The
CARES Act had already automatically paused federal
student loan payments, set interest rates to 0%, and
decreed that any “non-payments” through September
2020 will still qualify toward student loan forgiveness
program payment obligations.
• Provider Funding – Adds $100 billion to the CARES
Act PRF, bringing the total across all bills to $275
billion.
Whether these provisions become law hinges on future
Senate deliberations.
LOOKING FORWARD
While the ground is constantly shifting as Congressional
negotiations proceed, most observers believe Congress will
pass a bill this summer given the nation’s ongoing economic
crisis and the continued rise in COVID-19 cases. Yet some
commentators feel the next bill will be the last “definite”
COVID-19 legislation passed before Congress succumbs to its
traditional election year-related doldrums.
Liability Reforms
While not included in the HEROES Act, liability reform
may be central to the next COVID-19 package. Senate Majority
Leader Mitch McConnell has insisted that the next coronavirus
package include broad liability protections for medical
professionals and businesses to stop a “second pandemic” of
“lawsuits against doctors, nurses, hospitals, and brave business

1039

Western Journal of Emergency Medicine

Dowling et al.

US Congressional COVID-19 Legislation: Recent Laws and Future Topics
people who are opening up” covering the period from
December 2019–December 2024.5,6 In the meantime, 26 states
previously had or recently enacted some type of civil liability
immunities and/or Good Samaritan protections for physicians
during the public health emergency (PHE).7

Even so, many questions (reimbursement, coverage, access,
security, privacy, and inter-state medical licensure) remain
over how to implement telehealth services going forward.

Telehealth
In response to the pandemic, the Centers for Medicare &
Medicaid Services (CMS) significantly relaxed a number of
previous telehealth regulations in order to reduce the spread of the
virus and make it easier for patients to receive needed medical
care. To date, CMS has waived rules regarding the following:
• Geographic Limits – Now patients can use telehealth
anywhere in the US (urban or rural), rather than only
certain qualifying rural areas.
• Site of Care – CMS removed “originating site”
requirements. As a result, patients can now use
telehealth at home, rather than having to go to certain
health facilities to use the technology.
• Privacy & Security – Providers can now use common,
unsecured, non-HIPPA compliant applications such as
Zoom, Skype, and Facetime for telehealth.
• Technology – Audio-only phone calls, in addition to
audio-visual telecommunications, now qualify as
telehealth. This especially helps those unfamiliar with
newer devices/technology and those who lack access
to broadband Internet (such as rural areas).
• Medical Care – Physicians may treat nearly any
condition via telehealth with no prior in-person
patient-doctor relationship required. Of note for
emergency medicine, permitted telehealth services
include the Emergency Medical Treatment and Labor
Act-required medical screening exams and tele-triage.
• Payments – Medicare now pays equally for in-person
and telehealth visits.
Many state Medicaid programs and private insurers have
similarly expanded their telehealth offerings and increased
payments. As a result of these regulatory changes, telehealth
usage has grown significantly nationwide. Specifically,
Medicare telehealth visits jumped from 13,000 per week prior
to the pandemic to 1.7 million per week by late April.8
Analysts predict that telehealth visits across all specialties and
payers could top one billion visits this year alone. 9
However, the clock is ticking on the telehealth expansion.
All of CMS’ relaxed rules and increased payments are set to
expire when the HHS Secretary (in consultation with other
public health experts) determines that the PHE is over. By law,
PHE declarations last 90 days and can be renewed in 90-day
increments as long as the HHS Secretary determines it is
needed. Notably, the PHE had been set to expire on July 25,
2020, but HHS officially extended the PHE for an additional
90 days to a new end date of October 23, 2020. Ultimately,
industry insiders hope that Congress will move to make a
number of the new telehealth rules permanent after the PHE.
Western Journal of Emergency Medicine

CONCLUSION
Emergency physicians have faced unprecedented
challenges during this pandemic. As Congress attempts to
mitigate the ongoing COVID-19 crisis, continued advocacy
from emergency physicians is needed to ensure that the needs
of our patients, communities, and profession remain
prioritized. Consider reaching out to your local, state, and
federal government representatives regarding your frontline
experiences and the need for their support on the issues most
critical to our specialty and society.
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The novel coronavirus disease of 2019 (COVID-19) is associated with significant morbidity
and mortality, as well as large numbers of patients requiring endotracheal intubation. While
much of the literature has focused on the intubation technique, there is scant discussion of
intubation confirmation. Herein, we discuss the limitations of traditional confirmatory approaches,
summarize the literature supporting a role for point-of-care ultrasound in this application, and
propose an algorithm for intubation confirmation among COVID-19 patients. [West J Emerg Med.
2020;21(5)1042-1045.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.
BACKGROUND
Novel coronavirus disease of 2019 (COVID-19) was first
identified in Wuhan, China, beginning in December 2019.1,2
Since then, the virus has spread rapidly, infecting over 13.3
million people worldwide and resulting in nearly 580,000 deaths.2
Hypoxemic respiratory failure requiring intubation may occur
in up to 19% of all COVID-19 hospitalized patients and 70% of
those admitted to the intensive care unit.3-5
COVID-19 is rapidly transmissible and, while the
most common means of transmission is droplet, airborne
transmission may also occur during aerosol-generating
procedures such as intubation and subsequent bag-valve
ventilation.6 While much of the transmission conversation
has revolved around intubation itself,7 the discussion of risk
associated with post-intubation endotracheal tube (ETT)
confirmation is more limited. This commentary will highlight
the limitations associated with current intubation confirmation
techniques in light of COVID-19 and propose an alternate
approach using point-of-care ultrasound (POCUS).
Western Journal of Emergency Medicine

LIMITATIONS OF TRADITIONAL CONFIRMATORY
METHODS
Traditional methods of intubation confirmation (eg,
auscultation for bilateral breath sounds, condensation in the
ETT) are insufficiently accurate in isolation.8,9 Visualization
of ETT passage may be limited by difficult laryngoscopic
views and the use of personal protective equipment (PPE).
Auscultation can also be challenging in a loud room and may
not be possible with some forms of PPE. Moreover, in light
of the surface stability of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), auscultation with a stethoscope
increases the potential risk for transmission via fomite exposure,
while also requiring clinicians to be much closer to the patient
which can increase their risk of infection.10,11
Other devices, such as end-tidal carbon dioxide (CO2)
detectors and colorimetric capnometry, require at least five
breaths for confirmation. This can lead to gastric distension and
an increased risk of aspiration if the ETT is incorrectly placed in
the esophagus, as well as increased risk of particle aerosolization
to providers from the positive pressure ventilations.8,12
Additionally, capnography may be less reliable in patients where
there is a paucity of CO2 produced (eg, cardiac arrest, pulmonary
embolism), with studies suggesting that quantitative capnography
may be only 60-65% sensitive during cardiac arrest.13,14
When assessing for mainstem (ie, endobronchial) intubation,
auscultation is equally problematic, with studies demonstrating
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that auscultation alone may misidentify mainstem intubation
in 35-60% of patients.15-17 While radiographs are typically the
gold standard for assessing ETT depth, they can be significantly
delayed due to the PPE necessary to perform this task and
limited departmental resources, which may lead to significant
lung barotrauma for unrecognized mainstem intubations in this
population with limited oxygen reserve.
ROLE OF POINT-OF-CARE ULTRASOUND FOR
INTUBATION CONFIRMATION
POCUS has been increasingly recognized as a valuable
tool for intubation confirmation. One approach for this is the
transtracheal technique, wherein a clinician places the transducer
across the patient’s neck post-intubation to visualize the ETT
within the trachea or esophagus. This can be facilitated by
gently twisting the ETT to create a motion artifact.18,19 A recent
systematic review and meta-analysis found that transtracheal
ultrasound was 99% sensitive and 97% specific for confirming
ETT location among adult patients.20 A similar review among
pediatric patients found that POCUS was 92-100% sensitive and
100% specific.21 Studies have also demonstrated that the accuracy
remains consistent regardless of ETT size or transducer type.22,23
Additionally, the learning curve for identifying ETT placement
with transtracheal POCUS has been suggested to be relatively
short.24 Importantly, this modality offers the unique benefit that it
does not require positive pressure ventilation, thereby minimizing
additional exposure to staff.
Other studies have suggested using indirect signs, such as
bilateral lung sliding or diaphragmatic elevation for intubation
confirmation with a high degree of accuracy.25 Two studies
demonstrated that the combination of lung sliding with
transtracheal POCUS further increased the diagnostic accuracy
over either in isolation.26,27
ROLE OF POINT-OF-CARE ULTRASOUND FOR
DETECTING MAINSTEM INTUBATION
Mainstem intubation can be detected through the following
three sonographic assessments: lung sliding; diaphragmatic
excursion; or the presence of lung pulse. In a mainstem
intubation there is no air flow through the contralateral lung,
resulting in the absence of the lung sliding (ie, motion artifact
visualized between the visceral and parietal layers of the pleura)
on that side. Studies of both cadaveric models and emergency
department patients have demonstrated that unilateral right
lung sliding was 69-92% sensitive and 55.6-100% specific for
detecting right mainstem intubation.28,29 When compared with
auscultation, this technique has outperformed auscultation in
both adult and pediatric patients.30,31
Sonographic assessment of hemidiaphragmatic movement
can also be used as a surrogate for ventilation of that lung. When
a lung is ventilated by air, the diaphragm will move inferiorly,
allowing for direct visualization of lung expansion. Studies have
found that this technique is 91-100% sensitive and 50-100%
specific, with near-perfect inter-rater reliability.32,33
Volume 21, no. 5: September 2020

Finally, lung pulse is the visualization of the rhythmic
movement of the visceral pleura against the stationary parietal
pleura resulting from cardiac pulsations through an airless and
motionless left lung due to right mainstem intubation.34,35 This
technique was found to be 93% sensitive and 100% specific for
detecting right mainstem intubation.34 The lung pulse may be
particularly valuable for differentiating a mainstem intubation
from a pneumothorax, as both would demonstrate unilateral
absence of lung sliding.
PROPOSED ALGORITHM
We propose a rapid POCUS algorithm for confirming
intubation in COVID-19 patients (Figure). First, transtracheal
POCUS can be used to identify endotracheal vs esophageal

Figure. POCUS algorithm for confirming intubation in COVID-19
patients.
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intubation. If there is concern with regard to location, secondary
findings (eg, lung sliding) can be used. After confirming the
endotracheal location, bilateral lung sliding or diaphragmatic
excursion should be used to identify whether a mainstem
intubation has occurred. If there is ambiguity regarding this,
lung pulse can be used to differentiate unilateral lung sliding
from a pneumothorax vs a mainstem intubation. If a mainstem
intubation is suggested, the clinician should slowly withdraw
the ETT while visualizing the contralateral lung for the reappearance of lung sliding. This algorithm has not been
prospectively validated and future studies should assess the
accuracy and safety of this approach.

4. Wu Z, McGoogan JM. [Ahead of Print]. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72314 cases from the Chinese Center for
Disease Control and Prevention. JAMA. 2020. In press.
5. Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of
21 critically ill patients with COVID-19 in Washington state. JAMA.
2020;323(16):1612-4.
6. Centers for Disease Control and Prevention. Interim Infection
Prevention and Control Recommendations for Patients with
Suspected or Confirmed Coronavirus Disease 2019 (COVID-19)
in Healthcare Settings. Available at: https://www.cdc.gov/
coronavirus/2019-ncov/hcp/infection-control-recommendations.html.
Accessed July 16, 2020.

CONCLUSION
Post-intubation ETT confirmation of COVID-19 patients
presents a significant risk of exposure to providers and may be
more limited by PPE. We propose the integration of POCUS
into the intubation confirmation pathway and present a novel
algorithm. Future studies should assess the impact of this on
provider safety and the diagnostic accuracy of the protocol
compared with current methods.

7. Canelli R, Connor CW, Gonzalez M, et al. Barrier enclosure during
endotracheal intubation. N Engl J Med. 2020;382:(1857-8).
8. Takeda T, Tanigawa K, Tanaka H, et al. The assessment of three
methods to verify tracheal tube placement in the emergency setting.
Resuscitation. 2003;56(2003):153-7.
9. Kelly JJ, Eynon C, Kaplan JL, et al. Use of tube condensation as
an indicator of endotracheal tube placement. Ann Emerg Med.
1998;31(5):575-8.
10. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and
surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N
Engl J Med. 2020;382(16):1564-7.

Address for Correspondence: Michael Gottlieb, MD, Rush
University Medical Center, Department of Emergency Medicine,
1750 West Harrison Street, 108 Kellogg, Chicago, IL 60612.
Email: michaelgottliebmd@gmail.com.

11. Buonsenso D, Pata D, Chiaretti A. COVID-19 outbreak: less
stethoscope, more ultrasound. Lancet Respir Med. 2020;8(5):e27.
12. MacLeod BA, Heller MB, Gerard J, et al. Verification of endotracheal

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.
The views expressed here are those of the authors and do not reflect
the official policy of the Department of the Army, the Department of
Defense, or the US Government.
Copyright: © 2020 Gottlieb 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/

tube placement with colorimetric end-tidal CO2 detection. Ann Emerg
Med. 1991;20(3):267-70.
13. Tanigawa K, Takeda T, Goto E, et al. Accuracy and reliability of
the self-inflating bulb to verify tracheal intubation in out-of-hospital
cardiac arrest patients. Anesthesiology. 2000;93(6):1432-6.
14. Tanigawa K, Takeda T, Goto E, et al. The efficacy of esophageal
detector devices in verifying tracheal tube placement: a randomized
cross-over study of out-of-hospital cardiac arrest patients. Anesth
Analg. 2001;92(2):375-8.
15. Brunel W, Coleman DL, Schwartz DE, et al. Assessment of routine
chest roentgenograms and the physical examination to confirm
endotracheal tube position. Chest. 1989;96(5):1043-5.
16. Sitzwohl C, Langheinrich A, Schober A, et al. Endobronchial
intubation detected by insertion depth of endotracheal tube, bilateral
auscultation, or observation of chest movements: randomised trial.

REFERENCES
1. Huang C, Wang Y, Li X, et al. Clinical features of patients

BMJ. 2010;341:c5943.
17. Geisser W, Maybauer DM, Wolff H, et al. Radiological validation

infected with 2019 novel coronavirus in Wuhan, China. Lancet.

of tracheal tube insertion depth in out-of-hospital and in-hospital

2020;395(10223):497-506.
2. World Health Organization. Situation Report 178. Available at:

emergency patients. Anaesthesia. 2009;64(9):973-7.
18. Gottlieb M, Holladay D, Burns KM, et al. Ultrasound for airway

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/

management: an evidence-based review for the emergency clinician.

situation-reports/. Accessed July 16, 2020.
3. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus

Am J Emerg Med. 2019;38(5):1007-13.
19. Gottlieb M, Burns K, Holladay D, et al. Impact of endotracheal tube

disease 2019 in China. N Engl J Med. 2020;382:1708-20.

Western Journal of Emergency Medicine

twisting on the diagnostic accuracy of ultrasound for intubation

1044

Volume 21, no. 5: September 2020

Gottlieb et al.

POCUS for Intubation Confirnation of COVID-19 Patients

confirmation. Am J Emerg Med. 2020;38(7):1332-4.

28. Weaver B, Lyon M, Blaivas M. Confirmation of endotracheal tube

20. Gottlieb M, Holladay D, Peksa GD. Ultrasonography for the

placement after intubation using the ultrasound sliding lung sign.

confirmation of endotracheal tube intubation: a systematic review and
meta-analysis. Ann Emerg Med. 2018;72(6):627-36.

Acad Emerg Med. 2006;13(3):239-44.
29. Sim SS, Lien WC, Chou HC, et al. Ultrasonographic lung sliding

21. Lin MJ, Gurley K, Hoffmann B. Bedside ultrasound for tracheal tube

sign in confirming proper endotracheal intubation during emergency

verification in pediatric emergency department and ICU patients: a

intubation. Resuscitation. 2012;83(3):307-12.

systematic review. Pediatr Crit Care Med. 2016;17(10):e469-76.

30. Ramsingh D, Frank E, Haughton R, et al. Auscultation versus

22. Gottlieb M, Holladay D, Nakitende D, et al. Variation in the accuracy

point-of-care ultrasound to determine endotracheal versus

of ultrasound for the detection of intubation by endotracheal tube

bronchial intubation: a diagnostic accuracy study. Anesthesiology.

size. Am J Emerg Med. 2019;37(4):706-9.

2016;124(5):1012-20.

23. Gottlieb M, Holladay D, Burns K, et al. Accuracy of ultrasound for

31. Sooragonda SG, Arora S, Jain D, et al. Lung sliding sign to detect

endotracheal intubation between different transducer types. Am J

endobronchial intubation in children: An observational feasibility trial.

Emerg Med. 2019;37(12):2182-5.

Eur J Anaesthesiol. 2020;37(2):143-5.

24. Chenkin J, McCartney CJ, Jelic T, et al. Defining the learning curve of

32. Hsieh KS, Lee CL, Lin CC, et al. Secondary confirmation of

point-of-care ultrasound for confirming endotracheal tube placement

endotracheal tube position by ultrasound image. Crit Care Med.

by emergency physicians. Crit Ultrasound J. 2015;7(1):14.
25. Chou EH, Dickman E, Tsou PY, et al. Ultrasonography for

2004;32(9 Suppl):S374-7.
33. Kerrey BT, Geis GL, Quinn AM, et al. A prospective comparison

confirmation of endotracheal tube placement: a systematic review

of diaphragmatic ultrasound and chest radiography to determine

and meta-analysis. Resuscitation. 2015;90:97-103.

endotracheal tube position in a pediatric emergency department.

26. Park SC, Ryu JH, Yeom SR, et al. Confirmation of endotracheal
intubation by combined ultrasonographic methods in the emergency

Pediatrics. 2009;123(6):e1039-44.
34. Lichtenstein DA, Lascols N, Prin S, et al. The “lung pulse”: an

department. Emerg Med Australas. 2009;21(4):293-7.

early ultrasound sign of complete atelectasis. Intensive Care Med.
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Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
Dear Editor:
It was 4 am when the hospital admitting medicine service
phone rang. “Ten patients with suspected COVID-19 were
sent from a nursing home; it’s possible that they all may need
intensive care unit [ICU] beds. How many beds are available
right now?” I will never forget the series of events that
followed. The urgency was palpable as evidenced by the frenzy
of navigating the emergency department, careful donning and
doffing of personal protective equipment, and rapid-fire triaging
of each patient. It was 6 am when several more patients from
that same nursing home arrived. The nasal cannulas turned
into non-rebreathers, which quickly transitioned to high-flow
nasal cannulas. The next obvious step was intubation. But one
question persisted in our minds: “Are we doing the right thing?”

a common event during COVID-19 illness. ICUs around the
globe are being filled to and/or past capacity. Studies show
that patients ≥ 65 years have a 3.7x greater risk of mortality,
and pre-existing cardiovascular and cerebrovascular disease
also contribute to increased mortality.2 The disease is likely
to be fatal for elderly and frail individuals with pre-existing
conditions. For these patients, hospitalization and aggressive
interventions in critical care units are unlikely to improve
quality of life or survival. In a pandemic, the escalation to
critical care and aggressive, life-saving measures is rapid with
little time for appropriate planning. It would be beneficial
to implement early advanced care planning in the outpatient
setting for high-risk patients to stay home with hospice care or
home health services. Prior studies have shown that patients
with outpatient palliative care consultations were 2.5 times
more likely to enroll in hospice, and they had lower rates of
aggressive medical interventions.3

INTRODUCTION
The rapid global spread of coronavirus disease of 2019
(COVID-19) has resulted in considerable emotional and
physical distress in a time of limited medical resources. As
healthcare systems have been pushed to the brink, advanced
care planning and end-of-life life discussions are of the utmost
importance. Palliative care is at a unique vantage point to help
treat symptomology and provide guidance. Due to resource
limitations, we aim to outline pressing, palliative care needs
from a critical care and emergency medicine standpoint.

Grief Considerations
The COVID-19 pandemic has disrupted the grief process
for families and friends who have experienced the passing of
a loved one from COVID-19. Family visits are usually limited
or prohibited, and funerals and burials are held remotely.
Complicated grief, secondary traumatic stress, and moral
distress is to be expected.4 We must also bear in mind that
families may have had multiple losses and may be in social
isolation from self-quarantine. Maladaptive psychological
processing will likely exacerbate post-loss bereavement,
exacerbating depression, anxiety, anger, blame, and
helplessness. It will be especially important to connect families
to resources and self-care practices that they will need.

Advanced Care Planning and End of Life Discussions
Advanced care planning involves the process of having
patients and families make decisions about their last phase of
life prior to losing decisional capacity.1 Unexpected death is

Emerging Technology and Artificial Intelligence
Family members of critically ill COVID-19 patients with
a poor prognosis face challenging scenarios. Anecdotally,
those who have been resistant to withdrawing aggressive
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medical care demonstrate a lack of understanding of the disease
process combined with severe psychological distress, which
is exacerbated by their inability to be at the bedside. Several
modalities may help engage family members in a dialogue for
advanced care planning. These conversations should take place
in an outpatient setting by primary care physicians prior to the
need for hospitalization for high-risk patients. Evidence-based
communication educational curricula can be implemented to
coach providers to have difficult conversations if palliative care
is unavailable. Artificial intelligence and telehealth technology
can assist palliative and primary care providers to monitor
and treat end-of-life symptoms at home. Furthermore, mobile
health apps have been shown to be successful in goals-of-care
discussions for oncology patients,5 and these can be adopted for
high- risk patients at risk for COVID-19, such as the elderly,
those with multiple comorbidities, or those residing in nursing
homes. Video messaging with patients and families is often
used, and further research needs to be done in this area.
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CONCLUSION
End-of-life discussions are a daunting task. However,
effective and empathetic goals-of-care discussions before
a crisis situation are particularly important.6 Telehealth is a
valuable tool to facilitate these discussions, and further research
in this area is needed.7 COVID-19 has resulted in high mortality
and morbidity rates in at-risk populations, and it is imperative to
facilitate these discussions early on during this pandemic.

3. Schneiter MK, Karlekar MB, Crispens MA, et al. The earlier the
better: the role of palliative care consultation on aggressive end of life
care, hospice utilization, and advance care planning documentation
among gynecologic oncology patients. Support Care Cancer.
2019;27(5):1927-34.
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COVID-19 pandemic: considerations for palliative care providers. J
Pain Symptom Manage. 2020;60(1):e70-6.
5. Kim H, Goldsmith JV, Sengupta S, et al. Mobile health application
and e-Health literacy: opportunities and concerns for cancer patients
and caregivers. J Cancer Educ. 2019;34(1):3-8.
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Introduction: The unfolding COVID-19 pandemic has predictably followed the familiar contours of
well established socioeconomic health inequities, exposing and often amplifying preexisting disparities.
People living in homeless shelters are at higher risk of infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) compared to the general population. The purpose of this study was
to identify shelter characteristics that may be associated with higher transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
Methods: We conducted a cross-sectional assessment of five congregate shelters in Rhode Island.
Shelter residents 18 years old and older were tested for SARS-CoV-2 from April 19–April 24, 2020.
At time of testing, we collected participant characteristics, symptomatology, and vital signs. Shelter
characteristics and infection control strategies were collected through a structured phone questionnaire
with shelter administrators.
Results: A total of 299 shelter residents (99%, 299/302) participated. Thirty-five (11.7%) tested positive
for SARS-CoV-2. Shelter-level prevalence ranged from zero to 35%. Symptom prevalence did not vary by
test result. Shelters with positive cases of SARS-CoV-2 were in more densely populated areas, had more
transient resident populations, and instituted fewer physical distancing practices compared to shelters
with no cases.
Conclusion: SARS-CoV-2 prevalence varies with shelter characteristics but not individual symptoms.
Policies that promote resident stability and physical distancing may help reduce SARS-CoV-2
transmission. Symptom screening alone is insufficient to prevent SARS-CoV-2 transmission. Frequent
universal testing and congregate housing alternatives that promote stability may help reduce spread of
infection. [West J Emerg Med. 2020;21(5)1048-1053.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
INTRODUCTION
People living in congregate homeless shelters are
at higher risk of infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) compared to the
Western Journal of Emergency Medicine

general population.1-3 Moreover, this population has a higher
prevalence of baseline comorbidities that increase the risk
of severe disease and mortality from SARS-CoV-2.4-7 While
high rates of asymptomatic SARS-CoV-2 have been observed
in homeless shelters, little is known about shelter-level risk
factors and successful mitigation strategies. Many shelters
have worked to comply with the US Centers for Disease
Control and Prevention (CDC) recommendations to control
transmission (eg, daily symptom screening and temperature
checks).3 However, these mitigation strategies can be difficult
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and costly to implement and have unclear benefits. To date, no
study has examined the association of shelter characteristics
with SARS-CoV-2 outbreaks. In this analysis, we describe
the varying prevalence of SARS-CoV-2 infection in five
congregate homeless shelters in Rhode Island as well as
varying shelter characteristics and infection control practices.
METHODS
We conducted a cross-sectional assessment of congregate
shelter residents 18 years of age and older staying in five
shelters in Rhode Island, from April 19–April 24, 2020.
Testing occurred during the peak of new case identification
in Rhode Island. All residents of each shelter were offered
testing. At the time of testing, we measured temporal
temperature and pulse oximetry and collected information
on demographic characteristics, comorbidities (hypertension,
diabetes, heart disease, immunosuppression), and viral
symptoms. Testing was done at Shelter 5 prior to initiation of
temperature and oxygen documentation. Shelter characteristics
and infection control practices were assessed by structured
telephone interview with shelter administrators. Of note,
shelter residents testing positive for SARS-CoV-2 in Rhode
Island were being isolated in a hotel with support coordinated
by the Rhode Island Department of Health (RIDOH). This
screening was performed in collaboration with RIDOH to
identify and isolate positive shelter residents.
We collected and managed data using REDCap
(Vanderbilt, Nashville, TN). Nasopharyngeal swabbing
was done by emergency physicians with training in
appropriate nasopharyngeal swab technique. Tests were run
on one of three available polymerase chain reaction (PCR)
assays: Roche (specificity 99.8%, sensitivity 100%, Basel,
Switzerland); Cepheid (specificity 99.2%, sensitivity 95.5%,
Sunnyvale, CA); and Abbott (specificity 100%, sensitivity
93%, Chicago, IL).
We used descriptive statistics to summarize participant
and shelter characteristics. We compared the proportion of
positive SARS-CoV-2 tests among shelters, demographic
groups, medical comorbidities, and symptomatology using
t-tests and Fisher’s exact tests using STATA (Statacorp,
College Station, TX). The analysis was deemed exempt by the
RIDOH Institutional Review Board.
RESULTS
Among 302 shelter residents across five shelters, 299
(99.0%) were tested for SARS-CoV-2; one person declined
testing, and two declined to have their results included in
the analysis. The overall case prevalence across all shelters
was 11.7%. Approximately half of shelter residents were
White (53%), about one quarter were Latinx (23%), and most
were 40-64 years of age (61%, mean age 47.9 years of age)
(Tables 1 and 2). More than a third reporting having asthma,
chronic obstructive pulmonary disease, hypertension, diabetes,
or heart disease (38%), with hypertension being the most
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
People living in congregate homeless shelters
are at higher risk of infection with severe acute
respiratory syndrome coronavirus 2 (SARSCoV-2).
What was the research question?
What are shelter-level risk factors and
successful mitigation strategies that impact the
spread of SARS-CoV-2?
What was the major finding of the study?
Resident stability and physical distancing
measures may reduce SARS-CoV-2
transmission in congregate settings.
How does this improve population health?
Symptom screening is insufficient to prevent
spread in congregate shelters. Universal
testing and stable housing alternatives could
reduce risk for this population.

prevalent comorbidity (23%) (Table 2). Demographic and
shelter characteristics are shown in Table 1.
SARS-CoV-2 prevalence in Shelters 1 and 4 was 21.6%
and 35.3%, respectively, while all other shelters had no cases
(Table 1). There were no differences in age, gender, or race
between people testing positive and negative for SARSCoV-2 (Table 2). Only 20% of people testing positive (7/35)
reported any symptoms; none had fever or hypoxia. There
were no differences in the presence of symptoms between
people testing positive and negative for SARS-CoV-2 (20.0%
vs 14.0%, p = 0.34). People testing positive for SARS-CoV-2
had lower prevalence of comorbidities compared to people
testing negative (20% SARS-CoV-2 positive vs 40% SARSCoV-2 negative, p = 0.02). Among participants with negative
tests, 70.1% (185/264) had spent more than two weeks at
their shelter, compared to 42.9% (15/35) of participants with
positive tests (p<0.001).
Regarding infection control practices, all five shelters
required masks, performed daily temperature checks of
clients and staff, provided onsite meals, and were open 24
hours (Table 1). Three shelters had stopped accepting new
residents for at least two weeks prior to the study and had
zero cases at time of testing. The shelter with the highest case
positivity rate has several distinct characteristics compared to
the other shelters (Table 1). The neighborhood of this shelter
had higher census-tract population density compared to the
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Table 1. SARS-CoV-2 prevalence, participant and shelter characteristics, and infection control practices, by homeless shelter.
Shelter
All
Number Tested

1

2

3

4

5

299

51

89

48

68

43

35 (11.7)

11 (21.6)

0

0

24 (35.3)

0

47.9 (18-85)

43.4 (18-67)

48.5 (20-72)

47.8 (25-76)

59 (20)

18 (35)

0

32 (67)

9 (13)

0

Black

59 (20)

11 (22)

17 (19)

5 (10)

17 (25)

9 (21)

White

160 (53)

18 (36)

50 (56)

35 (73)

36 (53)

21 (49)

SARS-CoV-2 +, n (%)
Participants Characteristics
Age, mean (range)
Female, n (%)

46.7 (19-69) 53.7 (30-85)

Race, n (%)

American Indian/Alaska Native

10 (3)

1 (2)

3 (3)

3 (6)

3 (4)

0

Other/Unknown

70 (23)

21 (40)

19 (21)

5 (10)

12 (18)

13 (30)

Latino/a/x

68 (23)

14 (27)

15 (17)

11 (23)

12 (18)

16 (37)

Non-Latino/a/x

213 (71)

29 (57)

66 (74)

37 (77)

54 (79)

27 (63)

Other/Unknown

18 (6)

8 (15)

8 (9)

0

2 (3

0

Any comorbidities, n (%)

113 (38)

7 (13)

37 (42)

30 (63)

23 (34)

16 (37)

Any symptoms, n (%)

44 (15)

4 (8)

7 (8)

9 (19)

19 (28)

5 (12)

10,852

2,753

10,852

21,645

2,362

100

88

90

97

100

*

82

96

58

98

Staff and residents wear masks

Yes

Yes

Yes

Yes

Yes

Daily temperature checks

Yes

Yes

Yes

Yes

Yes

Daily symptom screenings

Daily

2x Daily

Daily

Daily

2x daily

Onsite meals offered

Yes

Yes

Yes

Yes

Yes

Sleeping spaces 6 feet apart

Yes

No

Yes

No

Yes

Open 24 hours

Yes

Yes

Yes

Yes

Yes

Daily education/updates

No

Yes

No

No

No

New residents allowed

Yes

No

No

Yes

No

Latino/a/x, n (%)

Shelter characteristics
Census tract population density (number
people per square mile)
% of beds filled (previous night)
% of population at shelter >14 days
Infection control practices

*Data type not collected at this shelter.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

neighborhoods of the other shelters. The resident population
was also found to be more transient than that of other shelters,
with only 58% (39/63) reporting staying at the shelter
for more than two weeks. This low-threshold shelter has
continued to keep its doors open to new residents throughout
the pandemic, and given its limited capacity the shelter was
unable to arrange sleeping areas at least six feet apart.
DISCUSSION
The range of asymptomatic prevalence of SARS-CoV-2
found in different shelters builds on growing data from other
Western Journal of Emergency Medicine

cities and has important policy implications. Only one in five
people with positive tests were symptomatic, which was not
significantly different from those testing negative. Following
initial CDC guidance, shelters have relied primarily on
symptom screening to control spread of SARS-CoV-2. As
this and other recent data have demonstrated, asymptomatic
and pre-symptomatic transmission may be the predominant
modes of SARS-CoV-2 spread in congregate settings, and thus
symptom-guided identification and temperature screening are
insufficient strategies to prevent SARS-CoV-2. Sheltering in
place, wearing masks, and physical distancing may be at least
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Table 2. Demographic and clinical characteristics of participants, by SARS-CoV-2 result.
SARS-CoV-2 test
All (N=299)

Positive (N=35)

Negative (N=264)

1

52 (17)

11 (31)

40 (15)

2

89 (30)

0 (0)

89 (34)

3

48 (16)

0 (0)

48 (18)

4

68 (23)

24 (69)

44 (17)

5

43 (14)

0 (0)

43 (16)

18-39

89 (30)

9 (25)

80 (31)

40-64

184 (61)

23 (66)

161 (61)

26 (9)

3 (9)

23 (8)

Female

59 (20)

9 (26)

50 (19)

Male

238 (80)

26 (74)

212 (80)

2 (1)

0 ()

2 (1)

P-value

Shelter, n (%)

< 0.001

Demographics
Age, n (%)

>65

0.83

Gender, n (%)

Trans/other

0.77

Race, n (%)
Black

59 (20)

7 (20)

52 (20)

White

160 (53)

17 (49)

142 (54)

Al/Alaska Native

10 (3)

1 (3)

9 (3)

Other/Unknown

70 (23)

10 (29)

60 (23)

0.88

Latino/a/x, n (%)
Latino/a/x

68 (23)

6 (17)

62 (23)

Non-Latino/a/x

213 (71)

22 (63)

191 (73)

Other/Unknown

18 (6)

7 (20)

11 (4)

>14 days at current shelter

200 (67)

15 (43)

185 (70)

Slept elsewhere

48 (16)

6 (17)

42 (16)

Unknown

51 (17)

14 (40)

37 (14)

Any comorbidity

112 (38)

7 (20)

105 (40)

Asthma/COPD

52 (17)

1 (3)

51 (29)

Hypertension

68 (23)

4 (11)

64 (24)

Diabetes

32 (11)

2 (6)

30 (11)

Heart disease

23 (8)

2 (6)

21 (8)

Temperature, mean (SD)

97.1 (0.05)

96.8 (0.86)

97.2 (0.86)

0.06

Oxygen saturation, mean (SD)

96.7 (0.12)

97 (0.39)

96.7 (0.13)

0.59
0.34

0.001

Transiency, n (%)
< 0.001

Clinical
Comorbidities, n (%)
0.02

Symptoms, n (%)
Any symptoms

44 (14.7)

7 (20)

37 (14)

Fever

5 (2)

1 (3)

4 (2)

Cough

15 (5)

2 (6)

13 (5)

Shortness of breath

11 (4)

0 (0)

11 (4)

Body aches

5 (2)

2 (6)

3 (1)

Nausea, vomiting, or diarrhea

15 (5)

2 (6)

13 (5)

Loss of smell or taste

9 (3)

2 (6)

7 (3)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COPD, chronic obstructive pulmonary diseas; SD, standard deviation.
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partially effective in shelters with lower occupancy and a more
stable resident population. However, low-threshold shelters
provide an important safety net for many people experiencing
homelessness, and shelters cannot be closed without readily
available supportive housing.
Shelter characteristics and practices may play an important
role in transmission and have not been adequately studied.
This study found that shelters with more transient residents
and operating at near-full capacity had higher prevalence rates.
Shelters that limited the influx of new residents were able to
prevent outbreaks; however, this practice comes at the cost
of limiting access to individuals and families experiencing
homelessness. The shelter with the highest prevalence of the
virus was located in the most densely populated neighborhood.
This finding underscores the potential importance of the
surrounding neighborhood and indicates that future studies
should examine area characteristics such as land-use mix and
access to bus or train services.
To maintain low-threshold shelter services, use of frequent
universal testing regardless of symptoms and ability to isolate
people testing positive will be necessary for reducing SARSCoV-2 transmission among people experiencing homelessness.
Housing stability has been previously shown to improve health
outcomes among people experiencing homelessness,8 and the
importance of stable housing is readily apparent during the
COVID-19 pandemic. Housing alternatives to large congregate
shelters can be used to reduce transmission. This includes
expansion of small, non-congregate shelter capacity as well as
permanent supportive housing, which allows for more resident
stability and improved physical isolation capabilities.
LIMITATIONS
Although this study is the first to assess shelter-level
characteristics, it was limited by the cross-sectional design
as well as the small number of shelters. First, at the time of
our study, many shelter residents who had tested positive
were already housed in a local hotel, which likely led to an
underestimate of true prevalence of SARS-CoV-2 among
people experiencing homelessness. Second, testing done
at the shelters with more transient residents only reflects
the residents present on the night of testing, not the entire
group that intermittently uses shelter services. Those shelters
were more likely to have residents test positive; thus, an
inability to assess the full complement of those shelters’
residents likely dilutes the overall prevalence of positivity
when all shelters are examined in aggregate. Third, shelter
staff are also a potential risk to residents, particularly if
they work at multiple shelters/organizations or have other
personal exposures. Our analysis does not account for
potential risk posed by staff. Fourth, PCR tests used may
have a 20-30% false negative rate and are only adequate
during viral shedding.9 Furthermore, tests were conducted
in three separate labs using different PCR assays with
varying sensitivities/specificities. This may have impacted
Western Journal of Emergency Medicine
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uniformity of test results. Lastly, since this was a crosssectional analysis we were not able to determine whether the
asymptomatic positive cases were actually presymptomatic.
CONCLUSION
A growing body of literature has demonstrated that
asymptomatic and presymptomatic spread of SARS-CoV-2
may be significant.10,11 The results of this study further
underscore that symptom screening and temperature
monitoring are insufficient means to mitigate transmission
of SARS-CoV-2 in homeless shelters and other congregate
settings. Shelter characteristics such as population density,
the capacity to maintain population stability, and the ability
and resources to implement preventative practices such as
physical distancing, may be partially effective in mitigating
disease spread. In order to prevent SARS-CoV-2 transmission
while continuing to provide essential, accessible services to
people experiencing homelessness, there is a need for frequent
universal testing, infection control support at homeless
shelters, and expanded availability of permanent housing.
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Introduction: The development and deployment of a web-based, self-triage tool for severe respiratory
syndrome coronavirus 2 (COVID-19 disease) aimed at preventing surges in healthcare utilization could
provide easily understandable health guidance with the goal of mitigating unnecessary emergency
department (ED) and healthcare visits. We describe the iterative development and usability testing
of such a tool. We hypothesized that adult users could understand and recall the recommendations
provided by a COVID-19 web-based, self-triage tool.
Methods: We convened a multidisciplinary panel of medical experts at two academic medical schools in
an iterative redesign process of a previously validated web-based, epidemic screening tool for the current
COVID-19 pandemic. We then conducted a cross-sectional usability study over a 24-hour period among
faculty, staff, and students at the two participating universities. Participants were randomly assigned
a pre-written health script to enter into the self-triage website for testing. The primary outcome was
immediate recall of website recommendations. Secondary outcomes included usability measures. We
stratified outcomes by demographic characteristics.
Results: A final sample of 877 participants (mean age, 32 years [range, 19-84 years]; 65.3% female) was
used in the analysis. We found that 79.4% of the participants accurately recalled the recommendations
provided by the website. Almost all participants (96.9%) found the website easy to use and navigate.
Conclusion: Adult users of a COVID-19 self-triage website, recruited from an academic setting, were
able to successfully recall self-care instructions from the website and found it user-friendly. This website
appears to be a feasible way to provide evidence-based health guidance to adult patients during a
pandemic. Website guidance could be used to reduce unnecessary ED and healthcare visits. [West J
Emerg Med. 2020;21(5)1054-1058.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
Western Journal of Emergency Medicine

INTRODUCTION
The severe respiratory syndrome coronavirus 2 (COVID-19
disease) pandemic has led to more than 287,399 deaths
worldwide.1 Hospitals in the United States are experiencing
surges of patients and critical shortages of personal protective
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equipment (PPE).2 Because most hospitals routinely operate
near capacity, these patient surges could lead to inadequate
patient care and an insufficient number of beds, treatment
spaces, and healthcare workers to evaluate patients.3 Each
unnecessary patient visit creates additional potential COVID-19
exposures to healthcare workers and other vulnerable patients in
the hospital, and consumes scarce PPE.
A key strategy to mitigate the healthcare system burden
is “forward triage.”4 For this strategy to work, a patient must
be empowered to make informed decisions about the need
for emergency care services, with the ultimate goal of safely
reducing unnecessary emergency department (ED) visits.4 A
web-based, free, educational platform, can fulfill this strategy
by providing immediate instructions for next steps in care
and information on potential testing sites, thereby preventing
unnecessary healthcare worker exposure and exposure of other
vulnerable patients to COVID-19, while conserving PPE.4,5
Web-based self-triage was first developed and deployed
during the 2009 novel influenza A (H1N1) virus pandemic by
researchers at Emory University. The evidence-based Strategy
for Offsite Rapid Triage (SORT) was rapidly validated and
integrated into web platforms hosted on the US Department of
Health & Human Services flu.gov website as well as Microsoft
Corporation’s H1N1 Response Center.6 The sites recorded
more than 670,000 completed self-evaluations over five months
during the outbreak. Success with the H1N1 self-triage website
provided the groundwork for a public COVID-19 self-triage
website (www.c19check.com). The original SORT algorithm
has been updated to reflect the best available evidence about
COVID-19 as shared by the Centers for Disease Control
and Prevention and the World Health Organization, and was

A Web-based COVID-19 Self-triage Platform
built iteratively with multidisciplinary input from experts in
infectious disease, emergency medicine, pre-hospital medicine,
epidemiology, and health literacy. On the website the user enters
age, ZIP code, comorbidities, and symptoms, and the algorithm
classifies risk as low, intermediate, or high (Figure). The website
then provides the user CDC-based recommendations and level
of risk as well as ZIP Code-specific local health department
information if the user chooses to enter that piece of personal
information. Widespread adoption of an effective self-triage tool
has the potential to mitigate unnecessary ED visits.
Objective
The primary objective of this study was to determine
whehter participants understood and recalled recommendations
provided by a COVID-19 web-based, self-triage tool.
METHOD
Design
Investigators at Emory University and Uniformed Services
University of the Health Sciences performed usability testing
of the COVID-19 self-triage website. The institutional review
boards approved this study and waived the consent requirement;
however, an assent script with affirmation was used. On March
19-20, 2020, staff, faculty, and students at both institutions
were recruited via email for voluntary study participation.
Participants received an email with instructions and a link to the
self-triage website. After completing demographic information,
each participant was randomly assigned a pre-written patient
“script” that the participant referred to when using the
COVID-19 checker website. Once participants inputted scripted
information into the COVID-19 checker website and received

Figure. Visual abstract of user interface and experience as well as usability testing.
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a recommendation, they were directed to complete the userfeedback form. This form contained questions about their
understanding of the recommendations, and their subjective
experiences using the website.
We excluded participants’ responses if they did not
complete all fields in the website or the user- feedback form.
The website is currently designed to triage adult patients. To test
the software, some participants were randomly assigned clinical
scripts with patients younger than 18 years old. These cases
were not allowed to progress to the clinical questions or website
guidance and were therefore removed prior to endpoint analysis.
Setting
The study occurred virtually with participants at Emory
University and Uniformed Services University of the Health
Sciences.
Participants
Staff, students, and faculty at Emory University and
Uniformed Services University of the Health Sciences
participated in the study.
Main Outcome Measures
We assessed participants’ ability to immediately recall the
specific self-care instructions provided by the site, scored as
either correct or incorrect. Self-care instructions were specific
and nuanced, depending on the symptoms and comorbidities
of the scripted case provided. Secondary outcomes were
participant feedback about website usability.
RESULTS
A total of 926 participants enrolled in the study. One
participant was removed for being younger than 18 years
old, and participants who received pediatric scripts (n = 46)
or missing scripts information (n = 2) were removed from
analysis, leaving 877 participants (mean age, 32 years [range,
19-84 years]; 65.3% female) in the final analyses (Table). We
found that 79.4% of the participants accurately recalled the
instructions and guidance provided by the website, and 96.9%
of the participants reported that the website was “easy” or
“very easy” to use (responses of 4-“easy” or 5-“very easy” on
a Likert scale). Responses were further broken down based on
demographic characteristics.
DISCUSSION
This study demonstrates the feasibility of a web-based, selftriage tool to provide information to adults seeking guidance
about COVID-19 symptoms and next steps. Approximately
four out of five participants correctly recalled and identified the
website’s recommendations, and nearly all participants described
the website as easy to use.
The sampling methodology allowed for rapid feedback
of the website, and free-text suggestions were expeditiously
incorporated into the website. Suggested modifications were
Western Journal of Emergency Medicine

incorporated the day after study enrollment, and the website
was launched for public use the following day. Using the prior
H1N1 website experience, the current COVID-19 algorithm
was created, rapidly iterated, adapted, tested, and electronically
deployed within days of sustained community transmission in
the US, and well before the anticipated zenith of COVID-19
in the US.1 This suggests that it is also feasible to maintain and
quickly update this platform for future pandemic response.
This project was conducted collaboratively between Emory
University and the private company Vital Software, Inc., an
innovation development partner of Emory University that
provided the technical expertise and hosting at no cost.
Thus far, there is high public demand for this self-triage
tool. Between March 26–May 14, 2020, C19check.com has
hosted 766,574 unique visitors and completed 395,895 selfassessments. In comparison, there were 320,333 unique visits
to the H1N1 self-triage website during its first three months.
The self-triage algorithm will be updated in real time as new
guidance and data are published by national and international
public health experts, and in continued consultation with
health literacy experts. Future studies will validate the
algorithms and test user understanding of self-assessment
instructions, adherence to instructions, and intent-to-use
healthcare resources before and after self-triage within the wider
population of website users. Website data will also be used
to map epidemiologic patterns of disease and symptoms and
will continue to expand upon the list of 15 foreign-language
translations available.
LIMITATIONS
The participants were students and faculty at two academic
institutions and thus the results cannot be applied to the general
population due to mismatched health literacy and recall capacity.
Given the exigencies of the COVID-19 pandemic, these sites
were chosen since a large number of participants could be
recruited rapidly, and the free-text feedback from medicallyoriented participants was instructive for the design team. For this
reason, we chose to capture a mix of free-text usability feedback
and Likert-scale usability scores rather than a validated usability
scale for the secondary outcome. This study tested immediate
recall of instructions, rather than lasting recall of instructions, as
the website was designed to be used by a person actively making
the decision to seek medical care or not, and the instructions
would be less relevant at a later date.
Additionally, the self-care instructions were nuanced and
specific by design, which could have negatively impacted
recall success depending on the comorbidities and symptoms
in the user’s assigned scripted case. Further, the scripted nature
of the cases could also have had a negative impact on recall
success. This study did not seek to identify adherence to the
instructions (eg, behavior change) since the participants were
not actually using their own real patient data. The study did not
assess the outcomes of actual COVID-19 patients following
recommendations from the site.
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Table. Sample demographic characteristics of 877 participants who completed COVID-19 checker testing and user-feedback responses
by sample characteristics.
No. (%) of participants recalled
Sample demographic characteristics*
No. (%) of participants
correctly within characteristic
Gender
Female

573 (65.3)

467 (81.5)

Male

273 (31.1)

213 (78.0)

White

593 (67.6)

487 (82.1)

Asian

138 (15.7)

97 (70.3)

64 (7.3)

51 (79.7)

Race

Black or African American
Native American or Alaska Native

2 (0.2)

0 (0)

Hawaiian or other Pacific Islander

1 (0.1)

1 (100)

Ethnicity
Hispanic

67 (7.6)

59 (88.1)

779 (88.8)

620 (79.6)

Student, full-time

496 (56.5)

407(82.2)

Employed, full-time

304 (34.7)

238 (78.3)

Non-Hispanic
Employment

Student, part-time

7 (0.8)

5 (71.4)

20 (2.3)

15 (75.0)

Homemaker

5 (0.6)

4 (80.0)

Caregiver

2 (0.2)

1 (50.0)

Full-time volunteer

2 (0.2)

2 (100)

154 (17.6)

124 (70.5)

115(13.1)

92 (80.0)

Employed, part-time

Annual Income
$0
$1 to $9,999
$10,000 to $24,999

86 (9.8)

67 (77.9)

$25,000 to $49,999

135 (15.4)

115 (85.2)

$50,000 to $74,999

68 (7.8)

52 (76.5)

$75,000 to $99,999

65 (7.4)

52 (80.0)

$100,000 to $149,999

61 (7.0)

47 (77.0)

$150,000 and greater

60 (6.8)

49 (81.7)

Bachelor degree

471 (53.7)

383 (81.3)

Master degree

164 (18.7)

128 (78.0)

Doctorate degree

Highest Education

155(17.7)

128 (82.6)

Professional degree

26 (3.0)

20 (76.9)

Some college credit, no degree

11 (1.3)

9 (81.8)

High school graduate

7 (0.8)

5 (71.4)

Associate degree

4 (0.5)

1 (25.0)

1 (0.1)

0 (0)

Some high school, no diploma
*Categories: Unknown, prefer not to answer, and other are not listed.

CONCLUSION
This study demonstrates that adult users in an
academic setting can correctly identify recommended
Volume 21, no. 5: September 2020

care instructions from a self-triage website during a
pandemic. Study participants found the website userfriendly. The website was adapted from a pre-existing,
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self-triage algorithm in an iterative, expeditious manner.
To date, there has been high demand for the website,
and it has potential to provide users valuable health
information and mitigate unnecessary ED visits. Limiting
unnecessary healthcare visits will benefit both patients and
healthcare workers by reducing COVID-19 exposure while
conserving scarce resources.
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At the heart of the unparalleled crisis of COVID-19, healthcare workers (HCWs) face several
challenges treating patients with COVID-19: reducing the spread of infection; developing suitable
short-term strategies; and formulating long-term plans. The psychological burden and overall wellness
of HCWs has received heightened awareness in news and research publications. The purpose
of this study was to provide a review on current publications measuring the effects of COVID-19
on wellness of healthcare providers to inform interventional strategies. Between April 6–May 17,
2020, we conducted systematic searches using combinations of these keywords and synonyms in
conjunction with the controlled vocabulary of the database: “physician,” “wellness, “wellbeing,” “stress,”
“burnout,” “COVID-19,” and “SARS-CoV-2.” We excluded articles without original data, research
studies regarding the wellness of non-healthcare occupations or the general public exclusively, other
outbreaks, or wellness as an epidemic. A total of 37 studies were included in this review. The review of
literature revealed consistent reports of stress, anxiety, and depressive symptoms in HCWs as a result
of COVID-19. We describe published data on HCW distress and burnout but urge future research on
strategies to enhance HCW well-being. [West J Emerg Med. 2020;21(5)1059-1066.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
INTRODUCTION
The COVID-19 pandemic has resulted in significant
burdens globally. Detrimental effects include high rates of
infection and death, financial hardships faced by individuals,
stress related to known and particularly unknown
information, and fear of the uncertainty regarding continued
impact. Healthcare workers (HCWs), at the heart of the
unparalleled crisis of COVID-19, face challenges treating
patients with COVID-19: reducing the spread of infection;
developing suitable short-term strategies; and formulating
long-term plans. HCWs must also continue to successfully
treat non-COVID patients and maintain personal
responsibilities, including taking care of their families and
themselves. The psychological burden and overall wellness
Volume 21, no. 5: September 2020

of HCWs has received heightened awareness, with research
continuing to show high rates of burnout, psychological
stress, and suicide.1
HCWs experience emotional exhaustion, which may
lead to medical errors, lack of empathy in treating patients,
lower productivity, and higher turnover rates.2 The ability
of HCWs to adequately cope with stressors is important for
their patients, their families, and themselves. Providers vary
in levels of psychological resilience, the ability to positively
adapt to adversity to protect themselves from stress.3 Prior
to COVID-19, wide-ranging research had established the
multifactorial nature of stressors in healthcare: electronic
health record duties; insurance and billing issues; any patient
dissatisfaction; and balancing busy work-life schedules.4
HCWs must continue to balance these existing obstacles
to wellness while facing the unique challenges of a pandemic.
Literature from severe acute respiratory syndrome and
Middle East respiratory syndrome can provide insight on
the stress, trauma, psychological morbidities, and successful
interventions, but the body of evidence for the impact
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COVID-19 on HCW wellness is evolving alongside the
pathogen. The purpose of this study was to provide a review
of current publications measuring the effects of COVID-19 on
wellness of the HCWs to inform interventional strategies.
METHODS
Between April 6–May 17, 2020, we conducted systematic searches in PubMed, Embase, Cochrane, Clinical Key, and Web of Science using combinations of these
keywords and synonyms in conjunction with the controlled
vocabulary of the database: “physician,” “wellness,” “wellbeing,” “stress,” “burnout,” “COVID-19,” and “SARSCoV-2.” Results were filtered to English-language publications, retrieving a total of 107 references. We examined references in included papers and relevant excluded papers for
additional studies, and a non-systematic search in Google
Scholar was conducted as well. After those selections were
added and duplicates were removed, 185 distinct references
remained for screening.
To reduce risk of bias, titles and abstracts were
screened for eligibility by two independent reviewers, with
a third available in the event of disagreements. Papers presenting original data regarding the evaluation or management of physicians’ well-being during the COVID-19 pandemic were included for full analysis. Some publications
indexed as correspondence did contain data, so article type
was not an automatic exclusion criterion, nor was study
design and quality of methodology. While papers on infection control practices, personal protective equipment (PPE),
or wellness in other types of HCWs were not actively
sought out, any retrieved by the strategies were retained.
We excluded articles without original data, research studies
regarding the wellness of non-healthcare occupations or the
general public exclusively, other outbreaks, or wellness as
an epidemic (Figure).
RESULTS
We included 37 studies in this review. Multiple themes
emerged from the current literature on how COVID-19 has
impacted HCW wellness. The majority of studies focused on the
psychological impact of COVID-19, including stress and anxiety
measurements. Some evaluated burnout and sleep quality. A
small portion of the studies used qualitative methodology. We
have provided a summary of the articles below.
Stress, Fear, Anxiety, Depression
In light of the many known and unknown effects of
COVID-19, exploration of stress, fear, anxiety and symptoms
of depression were prevalent in the included studies, with
many focusing on frontline HCWs.
Frontline Workers
Researchers assessed anxiety levels in 512 frontline
healthcare workers in China, finding a prevalence of
Western Journal of Emergency Medicine

12.5%.5 The authors found HCWs who had direct contact
with COVID-19 patients were at higher risk for anxiety.5
Frontline workers were also a focus by Lu et al in 2299
HCWs (2042 medical staff and 257 administrative staff).
The authors found that medical staff had greater fear,
anxiety, and depression levels than administrative staff.
Additionally, the investigators found that HCWs working
on frontlines in departments more impacted by COVID-19
(ie, emergency department, intensive care unit, infections
disease) were at greater risk for anxiety and depression and
psychological disorder.6
A total of 5062 HCWs were surveyed by Zhu et al to
measure psychological impact of COVID-19.7 The authors
measured stress, depression, and anxiety, discovering that
29.8% of respondents reported stress, 24.1% reported
anxiety, and 13.5% reported depression. Women, individuals
with history of mental disorders, and HCWs with infected
family members were more vulnerable to undesirable health
consequences of stress, anxiety, and depression.7
Liu et al measured distress, anxiety, and symptoms of
depression in 4679 Chinese HCWs.8 Results showed the
prevalence of anxiety and distress was about 16% each;
34.6% of respondents experienced depressive symptoms. The
investigators discovered that risk factors for developing the
mental health concerns aforementioned included living alone,
being a nurse, being on the frontline, and middle age.8
Li et al measured the vicarious traumatization
phenomenon in three groups: frontline nurses, non-frontline
nurses, and general population. Frontline nurses had lower
levels of trauma than both the general public and non-frontline
nurses. The authors hypothesized that frontline nurses have
better training to deal with crisis.9 Similar findings were
discovered in 470 HCWs in Singapore.10 Results showed nonmedical workers had greater anxiety and stress compared to
medical workers. Among the 470 HCWs, 14.5% experienced
anxiety with 7.7% experiencing levels of concern for posttraumatic stress disorder.10
Liang et al compared HCWs in COVID-19 associated
departments to other HCWs. They found a significant portion
of HCWs experienced clinically depressive symptoms, but
no significant differences between frontline HCWs and
non-frontline HCWs.11 A study by Cai et al measured the
psychological impact of COVID-19 on 534 frontline medicalstaff members.12 The authors found that HCWs experienced
anxiety about their own and their family’s safety (along with
their patients) but maintained the professional obligation to
effectively complete their work. The authors found that older
staff had increased stress related to (lack of) PPE and longer
work hours. Coping strategies used by the HCWs included
adhering to strict protective measures, following isolation
guidelines, and exhibiting a positive mindset.13
Guo et al studied 11,118 HCWs in China. Results
showed that risk factors for anxiety and depression were
being younger, employed as a nurse, and being a frontline
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Figure. Process of systematic searches using combinations of “physician,” “wellness,” “wellbeing,” “stress,” “burnout,” “COVID-19,” and
“SARS-CoV-2” to provide a scoping review on publications measuring the effects of novel coronavirus 2019 on wellness of healthcare
workers.

HCW. Within the sample, about 5% experienced middle to
high levels of anxiety and about 13.5% experience middle to
high depression levels.13 Lai et al found that female gender
predicted greater risk of psychological stress in a study that
examined depression, anxiety, insomnia, and distress in 1257
HCWs.14 HCWs experienced high incidence of depression
(50.4%), anxiety (44.6%), and insomnia (34%). The majority
of HCWs reported distress (71.5%), with women, nurses,
frontline workers, and those working in Wuhan, China, having
higher negative health outcomes.14
Dai et al discovered that geographic location was a risk
factor for distress in 4357 HCWs. The results showed that
39.1% of HCWs experienced distress; living in Wuhan, being
isolated, worrying about family members and working on the
frontline were risk factors for experiencing distress.15 HCWs
were chiefly concerned about infection in colleagues or family
Volume 21, no. 5: September 2020

members.15 Geographic location was also a risk factor in
a study in Italy comparing stress and anxiety in healthcare
workers (n = 167) to the general population (n = 186).
Likelihood of exposure to disease (HCWs and individuals
in highly affected Northern Italy) predicted increased stress
and anxiety. Overall, HCWs reported higher levels of worry
compared to the general population.16
In a letter to the editor, Du et al reported smartphone
survey data on frontline HCWs in Wuhan. HCWs from
two hospitals and one outreach team answered multiple
questions during a five-day period. The outreach team
members appeared more prepared psychologically, had
more supplies, and had improved sleep, stress, and levels of
depression compared to frontline workers. Fifty-nine percent
of respondents had moderate to severe perceived stress, with
12.7% having at least mild depressive symptoms and 20.1%
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having anxiety. Those at greatest risk were HCWs who felt
less prepared, had less family support, felt less self-efficacy,
perceived a higher level of stress, and those with poor sleep
quality. Fear of self and colleague infection represented a top
source of stress.17
Unspecified/Other Healthcare Workers
Access to PPE was a key focus by Zhang et al, who
surveyed 304 HCWs in Iran. The authors found that 28%
of HCWs experienced anxiety, 20.1% experienced distress,
and 30.6% experienced depression. Furthermore, the study
revealed that access to PPE resulted in both improved physical
health and job gratification and ultimately led to less distress
among HCWs.18 Delgado et al measured HCW personal safety
perception in 936 workers in Latin America. Overall, HCWs
lacked sufficient PPE and felt limited support from human
resources and public officials.19
Preparedness to fight COVID-19 was examined in 158
HCWs in England. The authors found that HCWs desired
more actions (including proper education) to feel confident
to fight COVID-19, particularly in the collection and
management of samples.20 Suleiman et al conducted a similar
study on preparedness for the COVID-19 outbreak, surveying
308 physicians in Jordan. Individuals with protocols in place
and accessible PPE reported higher levels of readiness.
Furthermore, 90.9% of respondents reported feelings of
anxiousness regarding the transmission of the disease and fear
of the increase of the volume of infected patients. The large
majority (96.4%) of HCWs were worried about transmitting
COVID-19 to loved ones.21
Chew et al measured stress and anxiety in HCWs in
906 HCWs in Singapore and India. The results showed that
48 (5.3%) HCWs faced moderate to very severe depression
and 79 (8.7%) had moderate to extremely severe depression.
Additionally, 54 (6%) HCWs experienced moderate to
extremely severe stress or moderate to severe distress. After
correcting for confounders, the authors noted an association
between incidence of prior month physical symptoms and
emotional distress during COVID-19.22
In Wuhan, China, Kang et al measured mental health
and psychological wellbeing using a survey in 994 HCWs.
The study revealed that 28.6% of the sample had moderate
to severe mental disturbances, with young women affected
the most. Within the study population, subjects who accessed
mental health amenities had improved relationship between
exposure risks and mental health.23
Jiang et al measured psychological impact by comparing
self-efficacy and loneliness of 205 HCWs in Hubei, China.
Medical staff with lower self-efficacy had higher likelihood
of loneliness. The authors noted that individuals experiencing
loneliness may choose undesirable coping tactics (eg,
substance use).24 The protective effect of a committed
relationship surfaced in 194 physicians surveyed in Oman.
The researchers revealed that individuals who were married
Western Journal of Emergency Medicine

and older experienced less stress compared to other HCWs.
Additionally, the authors found that females may be more
susceptible to stress.25
Some physician-specific studies occurred in the included
literature. Chen et al surveyed pediatricians on outcomes of
stress and anxiety. Of 105 respondents, 90.5% of the sample
were female and 18.1% reported working in high-risk areas.
The authors noted particularly high self-reported depression
and anxiety during the COVID-19 outbreak.26 In a study
completed by Xu et al, the researchers surveyed 60 surgical
staff during a period of COVID-19 outbreak and compared
them with a separate group of 60 surgical staff in a nonoutbreak period in China. The results showed that HCWs
surveyed during the outbreak period had significantly higher
levels of anxiety and depression.27 One researcher used the
Beck Anxiety Inventory to measure anxiety in multiple
sclerosis fellows in Iran. The authors had 14 respondents and
only two individuals had mild levels of anxiety.28
A focused look at dentists and dental hygienists assessed
the COVID-19 impact in Israel. Among the 338 surveyed,
individuals with previous illness and those worried about
infection from patients were inclined to higher levels of
distress. HCWs in committed relationships and those with
superior levels of self-efficacy reported less stress.29
Burnout
Wu et al specifically measured burnout in 220 oncology
medical staff working in Wuhan, China. Using the validated
and widely deployed Maslach Burnout Inventory-Medical
Personnel (MBI), they compared levels of burnout in frontline
and other HCW groups. Frontline HCWs had significantly
lower levels of burnout and were less worried about becoming
ill compared to those in the “usual ward” group. The authors
noted two possible explanations: frontline HCWs may
perceive more control over their situation and may appreciate
a closer proximity to decision-makers (with more timely
provided information) compared with the other HCWs.30
Cao et al used the MBI to measure burnout and emotional
distress in 37 HCWs. They found that the levels of burnout
and emotional distress were not highly elevated within their
sample. Connecting with family members via technology or
telephone was the most prevalent coping mechanism. The
study showed that 29.7% of the sample had issues obtaining
proper sleep.31
Sleep
Some researchers focused specifically on COVID-19’s
impact on HCW sleep. Xiao et al surveyed 180 medical staff
members on social support, anxiety, stress, self-efficacy, and
sleep quality to determine the effects of COVID-19.32 The
authors found that social support correlated significantly with
both self-efficacy and quality of sleep. Anxiety and stress were
significantly associated, leading to negative impacts on both
self-efficacy and sleep. The authors recommended HCWs

1062

Volume 21, no. 5: September 2020

Shreffler et al.

The Impact of COVID-19 on Healthcare Worker Wellness

to take advantage of support systems, including family and
friends to stabilize emotions, share experiences, and maintain
social connections, thus reducing anxiety intensities and
enabling quality sleep.32
Huang and Zhao measured sleep, anxiety, and depressive
symptoms in 2250 HCWs. The authors compared HCWs’
results to individuals from the general population. Results
showed that HCWs were more likely to experience poor
quality sleep and develop psychological issues.33 Qi et al
also measured sleep in their survey of 1306 (801 frontline)
HCWs in China. The authors found that frontline HCWs
had advanced anxiety, depression, and prevalence of sleep
disturbances compared to non-frontline HCWs. Furthermore,
the authors found that female frontline HCWs had higher
prevalence of sleep disturbances compared with male
frontline HCWs.34
Zhang W et al found that medical HCWs had higher levels
of insomnia, anxiety, depression, somatization, and obsessivecompulsive symptoms compared to non-medical HCWs in
2182 respondents in China. Risk factors for worsened mental
health included living in a rural area, being female, and having
contact with infected COVID-19 patients.35 Finally, insomnia
was measured in HCWs in China involved in the COVID-19
outbreak. Of the 1563 respondents, 36.1% reported insomnia
symptoms. Insomnia risk factors included lower levels of
education, working in a unit with isolation, being a physician,
lack of support, having high levels of uncertainty, and being
worried about infection. The authors called for interventions
for insomnia for HCWs.36
Qualitative Approach
Some researchers used qualitative methods to gain better
insight into the impact of COVID-19 on HCW wellness. Liu
et al interviewed nine nurses and four physicians in Hubei.
Respondents described many challenges of COVID-19
including fear of infection, exhaustion, and working in a
new context. Despite these challenges, the HCWs felt that
they were fully responsible to care for their patients as it was
part of their duty, demonstrating an immense vow to their
profession. The authors noted that workplace safety including
access to PPE was a top priority.37
Sun et al interviewed 20 nurses who provided care for
COVID-19 patients in China. The study results indicated
that anxiety and fear were prevalent in the early stages
of the outbreak, leading to feelings of helplessness. The
authors noted some healthy coping strategies, including team
encouragement and rational thinking. Furthermore, the authors
found that reflection and developing a sense of professional
responsibility resulted in growth. Finally, the researchers
discovered that the nurses experienced both negative and
positive emotions concurrently.38
Sethi et al also used a qualitative approach to develop
open-ended questions for 290 HCWs in Pakistan. They found
that HCWs were anxious, overworked, and felt financially
Volume 21, no. 5: September 2020

unstable. Furthermore, HCWs reported challenges in taking
care of both their professional lives and their households.39
Healthcare Workers Who Became Ill
This review did not intend to describe exposure,
infection rate, or mortality of healthcare providers during
the COVID-19 pandemic. Two publications that appeared
in our literature search described providers who became
infected with the virus, but we refer readers to reviews
focused on this topic.40,41 Ran et al examined risk factors for
HCWs who developed acute respiratory infection in Wuhan
China. The authors found that longer hours, higher risk
clinical setting, and suboptimal hand cleanliness were risk
factors for infection.42
Researchers in Wuhan, China, studied 103 HCWs
who had become infected with COVID-19. These HCWs
answered questions on perceived cause of infection and
psychological changes. Results showed that the large
majority (84.5%) of HCWs who became infected felt
it was due to their work setting, with nurses’ top three
perceived causes being suction care, swab collection, and
other nursing requirements. Physicians perceived highest
risk in physical examination and tracheal or manual
ventilations. During the isolation period, 88.3% of these
HCWs experienced stress or emotional deviations. The
study showed that persons who were experiencing distress
were apprehensive about their own health in addition to
transmitting it to loved ones.43
DISCUSSION
The review of literature revealed consistent reports of
stress, anxiety, and depressive symptoms in HCWs as a
result of COVID-19. Multiple studies confirmed significant
anxiety regarding patient care in addition to the possibility
of infecting their families.12,16,30 Access to appropriate
PPE remains of paramount importance to help physicians
feel physically safe. With sufficient PPE, individuals feel
more protected from infection, which may lessen fear of
infecting loved ones. Women and individuals in highrisk areas may have more negative psychological health
outcomes. Furthermore, both individuals on the frontline
and other HCWs are susceptible to distress and negative
health outcomes including anxiety, poor quality sleep, and
feelings of isolation. Interestingly, some frontline workers
experienced better mental health outcomes. The sense of
vocation / purpose in work, along with greater control of
environment, could explain these findings.
Given the relative novelty of this crisis, no published
studies have collected data on interventions to improve
psychological health and overall wellness for HCWs who
face COVID-19 specific challenges. Suggestions to alleviate
the burden on HCW mental health have been provided by
researchers both for COVID-19 and in other crises. We found
no studies that measured the same sample before and after
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COVID-19 to determine how wellness or stress changed
within the same individuals. Researchers could compare
previous datasets on provider wellness to measure and
quantify effects of COVID-19.
Generally recognized for their emotional resilience,
HCWs must now face additional layers of responsibilities and
mental and physical hardships.1 We remain uncertain about the
timeline and actions needed to effectively combat this virus
but hope to reduce severity of current and future waves of
infection.44 Targeted individual and organizational strategies
for mental health and overall wellness for HCWs are critical
for these courageous individuals. Based on the narrative
review of the literature, we believe the following are necessary
strategies for HCW wellness provided in the Table.

CONCLUSION
We recognize the obstacles to implementing strategies
to improve HCW wellness: financial barriers; worker
engagement; etc.2 Burnout, stress, and the emotional burden
of caring for sick patients were already affecting HCWs
before COVID-19. Long-term effects of the worldwide
pandemic remain unknown. We described published data
on HCW distress and burnout but urge future research
on strategies to enhance HCW wellbeing. To continue to
provide uninterrupted, quality care, the healthcare workforce
– human beings – must be empowered and encouraged to
take care of themselves.4
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Table. Strategies for healthcare worker wellness.
1. Immediate and individualized access to mental health
resources.
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2. Short-term and long-term individualized wellness and
mental health interventions to address the physical and
emotional tolls of COVID-19.
3. Individual AND organizational strategies to optimize
wellness for healthcare providers in areas of nutrition,
exercise, mindfulness, sleep quality, and reducing burnout.

Copyright: © 2020 Shreffler 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/
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4. Quality, accessible PPE for all HCWs to provide security
and reduce likelihood of infection for themselves and their
loved ones.
5. Opportunities to research and implement telehealth in a
variety of settings to limit exposure to infection.
6. Reduce stigma on mental health symptoms and the
psychological impact of significant stressful events within
HCWs.
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Introduction: Pulmonary opacities in COVID-19 increase throughout the illness and peak after ten
days. The radiological literature mainly focuses on CT findings. The purpose of this study was to
assess the diagnostic and prognostic value of chest radiographs (CXR) for coronavirus disease 2019
(COVID-19) at presentation.
Methods: We retrospectively identified consecutive reverse transcription polymerase reactionconfirmed COVID-19 patients (n = 104, 75% men) and patients (n = 75, 51% men) with repeated
negative severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) tests. Two radiologists
blindly and independently reviewed the CXRs, documented findings, assigned radiographic
assessment of lung edema (RALE) scores, and predicted the patients’ COVID-19 status. We
calculated interobserver reliability. The score use for diagnosis and prognosis of COVID-19 was
evaluated with the area under the receiver operating characteristic curve.
Results: The overall RALE score failed to identify COVID-19 patients at presentation. However, the
score was inversely correlated with a COVID-19 diagnosis within ≤2 days, and a positive correlation
was found six days after symptom onset.Interobserver agreement with regard to separating normal
from abnormal CXRs was moderate (k = 0.408) with low specificity (25% and 27%). Definite
pleural effusion had almost perfect agreement (k = 0.833) and substantially reduced the odds of a
COVID-19 diagnosis. Disease distribution and experts’ opinion on COVID-19 status had only fair
interobserver agreement. The RALE score interobserver reliability was moderate to good (intraclass
correlation coefficient = 0.745). A high RALE score predicted a poor outcome (intensive care unit
hospitalization, intubation, or death) in COVID-19 patients; a score of ≥5 substantially increased the
odds of having a poor outcome.
Conclusion: Chest radiography was found not to be a valid diagnostic tool for COVID-19, as normal
or near-normal CXRs are more likely early in the disease course. Pleural effusions at presentation
suggest a diagnosis other than COVID-19. More extensive lung opacities at presentation are
associated with poor outcome in COVID-19 patients. Thus, patients with more than minimal opacities
should be monitored closely for clinical deterioration. This clinical application of CXR is its greatest
strength in COVID-19 as it impacts patient care. [West J Emerg Med. 2020;21(5)1067-1075.]
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Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

Population Health Research Capsule

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is spreading
globally.1 The World Health Organization (WHO) declared
COVID-19 a pandemic on March 11, 2020.2 The most common
presenting clinical symptoms are fever, cough, dyspnea,
myalgia, and fatigue.3-5 Older age and medical comorbidities
are linked to more severe disease.4,6-8 Men are over-represented
among COVID-19 patients.3,4,6,7
Although the radiological literature mainly focuses on
computed tomography (CT) findings,9,10 many patients are
imaged solely with chest radiography10,11 primarily as an adjunct
to reverse transcription polymerase chain reaction (RT-PCR)
but in some scenarios as a triage tool,12,13 especially in resourceconstrained environments where the supply of laboratory PCR
kits cannot meet the demand. Although there are nonspecific
respiratory symptoms commonly observed in COVID-19
patients at presentation, some patients with COVID-19 do not
present with these classic clinical manifestations, which further
complicates triage and diagnosis.4
The chest radiograph (CXR) was reported as having a
sensitivity of 69% for COVID-19 in one study of 64 patients.9
In that study, the common findings were bilateral peripheral
opacities with a predilection to the lower lung zones. Opacities
increased throughout the illness, with a peak in severity at 1012 days after symptom onset; this was shown by documenting
lung opacities using a simplified radiographic assessment of
lung edema (RALE) score.9,14 When the Fleischner Society
consensus statement was created, which specified that chest
radiography has little value early in the course of the disease,
there were limited data available on the accuracy of chest
radiography for the diagnosis of COVID-19.13 Data on the
strengths and weaknesses of chest radiography for the diagnosis
of COVID-19 are important, as CXRs are the most commonly
used triage imaging tool in any patient presenting with
respiratory symptoms.12 This is especially important because
experts suggest that the second wave of coronavirus is likely to
be even more devastating.15
Our aim was to assess the diagnostic accuracy and
reliability of CXRs in patients suspected of having COVID-19 at
presentation to the emergency department (ED) and to assess the
prognostic value of the RALE score in patients with COVID-19.
MATERIALS AND METHODS
Patients and Data Source
This retrospective study was approved by our institutional
review board, and informed consent was waived. We identified
our study population by extracting severe acute respiratory
Western Journal of Emergency Medicine

What do we already know about this issue?
Pulmonary opacities in coronavirus disease
2019 (COVID-19) peak after 10 days. The
radiological literature focuses on computed
tomography findings.
What was the research question?
What is the diagnostic and prognostic value
of chest radiographs (CXR) for COVID-19 at
presentation?
What was the major finding of the study?
While CXR is not a valid diagnostic tool for
COVID-19, the presence of extensive opacities
is associated with poor outcome.
How does this improve population health?
CXR’s greatest strength in COVID-19 is
prognosis prediction. Patients with more than
minimal opacities should be monitored closely
for clinical deterioration.

syndrome coronavirus 2 (SARS-CoV-2) RT-PCR test results
(positive or negative) of nasopharyngeal swabs from all
consecutive patients older than 18 years analyzed at our
hospital’s laboratory from the ED from March 6–31, 2020,
who had a CXR at presentation (within 24 hours of the first
RT-PCR). We extracted data by a database search (query) using
the MDClone platform (MDClone Ltd, Be’er Sheva, Israel), a
big data system for healthcare. We were granted access to the
raw data in order to validate the quality and reliability of the
information in the database source underlying the study.
Of the RT-PCR test kits used, 90% (161/179) were Allplex
2019-nCoV assay kits (Seegene Inc. Seoul, Korea), and 10%
(18/179) were kits produced in our hospital laboratory.
The patients were then divided into two groups: those
who had COVID-19 and those who did not. The former group
comprised patients who had a positive RT-PCR test. The latter,
control group comprised patients who had a negative RT-PCR
result on at least two separate occasions, more than 24 hours
apart (without a previous positive test result). This methodology
is similar to that of previously published studies,16 as we tried to
avoid the imperfect gold standard bias. We excluded patients who
underwent SARS-CoV-2 testing due to an abnormal CXR and not
due to clinical suspicion (n = 1 positive, n = 3 negative) based on
the patients’ electronic health records (EHR) (Figure 1) to avoid
partial verification bias (referral bias).17
The patients’ EHRs were reviewed to obtain demographics
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Figure 1. Study selection process flowchart.
*Overshadowing radiopaque abnormalities excluded from the subgroup analyses were pleural effusion (n = 1 COVID-19, n = 17
control), lung cancer (n = 1, control), lung metastasis (n = 1, control), and pleural plaques (n = 1, control).

and clinical data. The primary outcomes were intensive care
unit (ICU) hospitalization, intubation, and mortality. COVID-19
severity was classified as severe or non-severe based on
respiratory distress (≥30 breaths per minute) or oxygen
saturation ≤93% on room air.18 Although lung opacities are
included in some published severity criteria, we did not use
CXR findings to define severity to avoid incorporation bias.17
The data cutoff date was April 21, 2020.
We extracted the overall number of ED visits at our
hospital during the study period using the MDClone platform
database search. Overall COVID-19 new cases in Israel for the
study period (26 days), and for an equal time span before and
after the study period, were extracted from Israel’s Ministry of
Health website.19
Imaging Protocols
CXRs were acquired as computed radiographs (n =
127) or digital radiographs (n = 52) from multiple vendors.
The projections were posterior-anterior (PA) (n = 108), and
anterior-posterior (AP) (n=71).
Image Analysis
Two radiologists (EMM, a thoracic radiologist with 28
Volume 21, no. 5: September 2020

years of experience, and SA, an oncology imaging radiologist
with 40 years of experience) independently reviewed all CXRs
using a communication system search (PACS), Carestream,
PACS Vue v12.1.5 (Carestream Health, Inc, Rochester, NY),
while blinded to the RT-PCR results and clinical data. The
CXRs of COVID-19 patients and the control patients were
in random order. Both readers recorded pulmonary opacity
characteristics, including their distribution (peripheral, perihilar
or diffuse), zonal predominance (upper, lower, or equal), and
laterality (bilateral or unilateral). Pleural effusion presence was
recorded. Disagreements between reader 1 (R1) and reader 2
(R2) regarding the categorization of a pleural effusion as definite
or questionable were resolved by an independent and blinded
third reader (EK, a cardiothoracic radiologist with 21 years of
experience). R1 and R2 calculated the RALE scores14 (Figure
2). The RALE score, which is used to quantitate lung opacities,14
is calculated by dividing each radiograph into quadrants and
multiplying the extent (0 = no involvement, 1 = <25%, 2 =
25-50%, 3 = 50-75%, 4 = >75%) by the density (1 = hazy, 2
= moderate, 3 = dense) for each quadrant and then summing
them (maximum score = 48).14 For the purposes of our study,
the following density definitions were used: hazy, ranging from
barely noticeable opacities to mild or veiling opacities, through
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Figure 2. An example of radiograph assessment of lung edema
(RALE) scoring in a 71-year-old man with COVID-19 who
presented 5 days after symptom onset, with fever, cough and
fatigue. RALE scoring: reader 1: 11, reader 2: 12. Adapted from
Warren et al, 2018.14

which the lung vessels can be clearly seen; moderate, in which
opacities are identified, but the blood vessels are still visible; and
dense, in which consolidation is apparent, and the blood vessels
are not visible. For RALE scoring, we excluded CXRs with
one of the following overshadowing radiopaque abnormalities:
pleural effusion; pleural plaques; and pulmonary nodules or
masses, whether due to lung cancer or metastatic disease.
Finally, the readers gave their expert opinion regarding
patient COVID-19 status based on imaging alone. All previous
imaging tests were available to the readers for comparison, and
any changes were recorded.
Statistical Analysis
To evaluate the sensitivity and specificity of categorical
variables to discriminate between patients with and without
COVID-19, assuming sensitivity and specificity of 80%
and a 95% confidence interval (CI) of 0.2, 140 patients
were needed. To evaluate the use of RALE for determining
COVID-19 diagnosis using the area under the receiver operating
characteristic curve (AUC), assuming an area of 0.8 with a 95%
CI width of 0.2 and an equal number of participants with and
without COVID-19, 78 participants were needed. We assumed
that the mean RALE score for patients without poor prognosis
was 2, with a mean score of 10 for patients with poor outcomes.
We assumed that the standard deviation of the RALE score was
8 (range 0-48, divided by six). Using a significance level of 5%
and power of 80%, and assuming a proportion of patients having
poor outcomes to be 20%, a total of 53 patients were needed.
We evaluated continuous variables for normal distributions
using histograms. Variables that were close to being normally
distributed are reported as the means and standard deviations
Western Journal of Emergency Medicine
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(SD), while skewed variables are reported as the medians
and interquartile ranges. Categorical variables are reported as
frequencies and percentages. We used independent samples
t-tests and Mann–Whitney tests to compare normally distributed
variables and skewed variables between groups, respectively.
Chi-square tests and Fisher’s exact tests were applied to
compare categorical variables between patients with positive
and negative tests. The kappa statistic was used to evaluate the
agreement between readers20 and was interpreted according to
Landis and Koch.21 When a kappa of 0.4 was reached, accuracy
was evaluated. Diagnostic accuracy parameters were calculated
by crosstabulation and included the following: sensitivity,
specificity, and positive (LR+) and negative (LR-) likelihood
ratios. We used the intraclass correlation coefficient (ICC) to
evaluate the agreement of the two readers with regard to the
RALE score.22 The AUC23 was used to evaluate the ability
of the RALE score to discriminate between COVID-19 and
control patients and between poor and favorable outcomes
in COVID-19 patients. The discriminatory ability was also
evaluated in patients who presented at early (0-2 days),
intermediate (3-5 days), and late (≥6 days) time points from
symptom onset. For prognostic ability, we used a RALE score
cutoff threshold of 5. All statistical tests were two-sided, and
p<0.05 was considered statistically significant. For statistical
analyses, we used SPSS software (IBM SPSS Statistics for
Windows, IBM Corp., Armonk, NY).
RESULTS
Patient Characteristics
During the study period, 105 patients had positive RT-PCR
results and had a CXR, and 78 patients had repeated negative
results and had a CXR. After excluding patients who had the
RT-PCR ordered due to an abnormal CXR (n = 1 COVID-19
patient, n = 3 control patients), our study group included 104
COVID-19 patients (men 78/104, 75%, mean age 57.0, SD 15.7
years) and 75 control patients (men 38/75, 51%, mean age 65.6,
SD 21.4 years) (Figure 1). Table 1 shows patient characteristics
and outcomes with a comparison of COVID-19 to control and
non-severe to severe COVID-19 patients.
The overall number of ED visits at our hospital during the
study period was 8025 (all causes). The number of new cases
of COVID-19 in Israel during the study period (26 days) was
5699. The number for the period immediately preceding was
17. The number for the period immediately ensuing was 9723.
These numbers show that our study took place at the beginning
of the first wave of COVID-19 in Israel.
The mortality rate in the control group was significantly
higher: 27% (20/75) vs 7% (7/104) in COVID-19 patients
(P<0.001). Heart disease and active cancer were more common
in the control group. Heart disease was present in 44% (n =
33/75) of the control patients compared to 16% (n = 17/104)
of COVID-19 patients (p<0.001). Active cancer, defined as
malignancy in the prior 12 months, was present in 24% (n
=18/75) of the control patients compared to 4% (n = 4/104)
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of COVID-19 patients (p<0.001). There was no significant
difference (p>0.05) in the prevalence of other comorbidities
between the control and COVID-19 patients: diabetes mellitus
(34%, 29%); hypertension (32%, 38%); obesity (12%, 13%);
dyslipidemia (35%, 29%); smoking (19%, 11%); respiratory
disease (13%, 7%); and chronic renal failure (7%, 7%).

between patients with non-severe and severe disease.
Radiographic Findings
The identification of any opacity on CXRs had a moderate
interobserver agreement (kappa = 0.408). When assuming that
any parenchymal lung opacity could represent COVID-19
pneumonia, the diagnostic accuracy for the diagnosis of
COVID-19 for both readers was sensitivity (R1-87%; R269%) and specificity (R1-25%; R2-27%), and both LR+ and
LR- showed the poor diagnostic performance of CXRs for
COVID-19, as most crossed or included 1 (Table 2). See the
supplemental table for a summary of pulmonary opacities
identified at different timeframes from symptom onset.
The predominance and distribution of opacities, laterality,
change from previous radiograph, and expert opinion with
regard to COVID-19 status had only a fair agreement between
readers (kappa = 0.399, 0.248, 0.372, 0.352, 0.249, respectively);
hence, accuracy was not evaluated. The presence of a definite

Chest Radiograph Technique
Most COVID-19 patients underwent a PA CXR (78/104,
75%) in a dedicated radiography room of the Corona Section
emergency department (ED), while most control group patients
underwent an AP CXR (45/75, 60%) (p<0.001). Among the
COVID-19 patients, most patients with non-severe disease
had a PA CXR (64/75, 85%), while most patients with
severe disease had an AP CXR (15/29, 52%) (p<0.001). The
majority of both the COVID-19 and control groups underwent
computerized radiography (CR) (77/104, 74% and 50/75, 67%,
respectively) (p=0.284). Similar proportions were observed

Table 1. Patient characteristics and outcomes with comparison of COVID-19 to control and non-severe to severe COVID-19.
Variable

COVID-19 patients

Control

P-value

Non-severe COVID-19

Severe COVID-19

P-value

78/104 (75%)

38/75 (51%)

0.001

56/75 (75%)

22/29 (76%)

0.900

57.0 ±15.7

65.6 (21.4)

0.058

55.64 (15.1)

60.45 (16.9)

0.163

Discharge from ED

31/104 (30%)

13/75 (17%)

0.157

31/75 (41%)

0/29 (0%)

<0.001

Ward hospitalization

59/104 (57%)

51/75 (68%)

0.157

44/75 (59%)

15/29 (52%)

<0.001

ICU

14/104 (13%)

11/75 (15%)

0.157

0/75 (0%)

14/29 (48%)

<0.001

7/104 (7%)

20/75 (27%)

<0.001

0/75 (0%)

7/29 (24%)

<0.001

Intubated
14/104 (13%)
17/75 (23%)
0.108
0/75 (0%)
Unless otherwise specified, data are numbers of patients, with frequency in parentheses.
*mean ±SD

14/29 (48%)

<0.001

Gender (Men)
Age (years)*

In-hospital mortality

Table 2. Reliability and accuracy of different radiographic characteristic and experts’ best guess to predict COVID-19 status.
Radiographic variable
Kappa
Sensitivity (95% CI) Specificity (95% CI)
LR+ (95% CI)
LR- (95% CI)
Any opacity (overall)

0.408

Reader 1

0.87 (0.78-0.92)

0.25 (0.16-0.37)

1.16 (1.00-1.35)

0.53 (0.30-0.94)

Reader 2

0.69 (0.59-0.78)

0.27 (0.27-0.17)

0.95 (0.94-1.14)

1.15 (0.80-1.65)

Reader 1

0.01 (<0.01-0.06)

0.81 (0.70-0.89)

0.05 (0.01-0.38)

1.22 (1.19-1.25)

Reader 2

0.01 (<0.01-0.06)

0.77 (0.66-0.86)

0.04 (<0.01-0.31)

1.28 (1.25-1.32)

Opacity predominance

0.399

Opacity distribution

0.248

Laterality*

0.372

Definite pleural effusion

0.833

Change**

0.352

Experts' best guess

0.249

When interobserver reliability did not reach a kappa of 0.4, diagnostic accuracy parameters were not calculated. .
*Laterality = bilateral or unilateral. **Change = change from previous radiograph when comparison was available.
LR+, positive likelihood ratio; LR-, negative likelihood ratio; CI, confidence interval.
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pleural effusion had almost perfect interobserver agreement
(kappa = 0.833). The accuracy parameters of the presence of a
pleural effusion for the diagnosis of COVID-19 were as follows:
sensitivity (R1 and R2 - 0.01%), specificity (R1-81%; R2-77%),
and very low positive likelihood ratio (LR+) (R1-0.05; R-0.04);
thus, the presence of definite pleural effusion at presentation
makes the diagnosis of COVID-19 very unlikely (see Table 2).
With regard to RALE scoring, 103 CXRs were available in
the COVID-19 group after excluding one CXR due to pleural
effusion, and 55 CXRs were available in the control group after
excluding CXRs with the following overshadowing radiopaque
abnormalities: pleural effusion (n = 17); lung cancer (n =
1); multiple metastases (n = 1); and calcified pleural plaques
(n =1) (Figure 1). The RALE score interobserver reliability
was moderate to good, with an ICC of 0.745 (0.665 - 0.806,
p<0.001). See Table 3 for the AUC assessment summary.

Table 3. Categorization by RALE score for diagnosis and prognosis
of COVID-19 by receiver operator characteristics curve analysis.
Radiographic
variable
AUC (95% CI)
P-value
RALE score for diagnosis*
All patients
Reader 1

0.625 (0.529 – 0.721)

0.010

Reader 2

0.508 (0.412 – 0.605)

0.865

Reader 1

0.290 (0.136 – 0.443)

0.023

Reader 2

0.249 (0.095 – 0.402)

0.007

Reader 1

0.741 (0.567 – 0.916)

0.025

Reader 2

0.561 (0.351 – 0.771)

0.570

0.738 (0.571 – 0.905)

0.002

0.704 (0.551 – 0.856)

0.009

Days 0-2

Days 3-5

Days 6≥
Reader 1
Reader 2

RALE score for prognosis**
Severe COVID-19
Reader 1

0.825 (0.742 – 0.907)

<0.001

Reader 2

0.755 (0.651 – 0.859)

<0.001

0.837 (0.736 – 0.937)

<0.001

Poor outcome
Reader 1

Reader 2
0.772 (0.636 – 0.907)
0.001
Data are area under the receiver operating characteristic curve
(AUC), with 95% confidence interval in parentheses. The RALE
score intraclass correlation coefficient (ICC) was 0.745 (95% CI,
0.665-8.086), p-value <0.001.
*Included only patients without radiopaque overshadowing abnormalities (N = 158). **Included COVID-19 patients without radiopaque
overshadowing abnormalities (n = 103).
CI, confidence interval; COVID-19, coronavirus disease 2019; RALE,
radiographic assessment of lung edema.
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The AUC for all patients (overall) showed no significant
difference from sheer chance (R1- p = 0.010; R2- 0.865). The
evaluation of the discriminatory ability of the RALE score in
patients who presented early (0–2 days) showed an inverse
correlation with COVID-19 diagnosis. Simply put, in patients
presenting within 0-2 days of symptom onset who were
clinically suspected of having COVID-19, pulmonary opacities
were more likely to be due to a diagnosis other than COVID-19.
For patients presenting within three to five days from symptom
onset, only R1 achieved statistical significance, while for
patients presenting more than six days from symptom onset,
both readers reached significant discrimination ability. Thus, for
patients presenting later after symptom onset, especially from
day six, the higher the RALE score, the more likely a diagnosis
of COVID-19. An example is seen in Figure 3, showing the
sensitivity of the RALE score with a threshold of 5 for the
diagnosis of COVID-19 increasing as the patients arrive later in
the disease course. See Figure 4 for CXR examples of patients
presenting at different timeframes from symptom onset.
When the RALE score was evaluated as a prognostic
indicator within the COVID-19 patient group, both readers
had statistically significant discriminatory accuracy for severe
disease and poor outcomes (Table 3).
When a RALE score of 5 was used as a threshold for severe
disease and for poor outcome, sensitivity was moderate to good,
and specificity was moderate. However, LRs were encouraging,
as LR+ ranged from 2.21 to 2.59 and LR- ranged from 0.10
to 0.45 (supplemental table). Hence, a RALE score <5 in
COVID-19 patients at presentation substantially reduces the
odds of having severe COVID-19 or poor outcome (intensive
care unit hospitalization, intubation, or death), whereas a RALE
score ≥5 substantially increases those odds.
DISCUSSION
In this study we assessed the diagnostic value of the initial
CXR for diagnosing COVID-19 in patients clinically suspected
of having COVID-19, as well as the prognostic value of this
CXR in COVID-19 patients. The study took place in a single
hospital in Israel at the beginning of the COVID-19 pandemic
first wave. Our study showed that the reliability of radiographs
is only moderate for any opacity and moderate to good for the
RALE score. Overall, chest radiography was found not to be a
valid diagnostic tool for COVID-19. However, the diagnosis of
COVID-19 pneumonia by CXRs reached significant diagnostic
accuracy when performed at least six days after symptom onset.
For patients presenting early (0-2 days from symptom onset),
a normal or near-normal CXR is more likely to be seen in a
patient with COVID-19, although opacities early in the disease
course do not completely rule out this condition. The presence
of a definite pleural effusion indicates that the diagnosis is
unlikely to be COVID-19. More extensive lung opacities are
associated with poor outcome in COVID-19 patients.
Previous COVID-19 studies mainly concentrated on
computed tomography (CT) findings and indicated that
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Figure 3. Sensitivity for RALE score threshold of 5 for the diagnosis of coronavirus disease 2019 in patients presenting at different
timeframes from symptom onset.

Figure 4. Radiographs of three different COVID-19 patients who presented with fever and cough at different time frames from disease onset.
(a) A 32-year-old man who presented one day after symptom onset. Radiograph assessment of lung edema (RALE) scoring: reader 1: 0;
reader 2: 0. (b) A 64-year-old man who presented three days after symptom onset. RALE scoring: reader 1: 1; reader 2: 2. (c) A 73-year-old
man who presented seven days after symptom onset. RALE scoring: reader 1: 6; reader 2: 6.

opacities are usually bilateral, with a peripheral distribution and
lower zones predominance.24 We found only fair agreement
with regard to the opacity predominance, distribution, and
laterality, which probably relates to the lower sensitivity of
CXRs compared with CT for pulmonary opacities. A previously
published study reported 69% sensitivity for diagnosis on the
baseline CXR,9 similar to our findings. On the other hand,
we found that this high sensitivity had a trade-off with low
specificity, which represents the reader’s avoidance of falsenegative results, offsetting with more false-positive results.
This observation can only be made with a control group. This
Volume 21, no. 5: September 2020

is in contrast to previous studies that did not have a control
group9,11 and were only able to assess sensitivity. Moreover, LRs
showed the CXR is ineffective in the ED setting as it failed to
meaningfully change the estimation of disease probability from
pretest to posttest. This, at the very least, raises doubts about the
utility of the CXR as a triage tool. It is perhaps not surprising
that the quantification of pulmonary opacities, as performed in
our study with the RALE score, was not useful for assessing the
entire cohort when trying to distinguish between patients with
and without COVID-19, but when interpreted in the context of
time from symptom onset, the accuracy improved.
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Highly experienced radiologists’ expert opinions for
guessing COVID-19 status were not reliable and did not reach
a high enough interobserver agreement to discuss the accuracy
parameters. However, poor interobserver agreement regarding
specific disease status on CXRs was documented in previous
studies.25,26
Despite the limited role of imaging in the diagnosis of
COVID-19 as expressed by leading societies worldwide,12,13,27
the CXR is still the recommended imaging tool for any patient
presenting at the ED with an acute respiratory illness.28 Future
COVID-19 patients will continue to have CXRs at presentation
before their disease status is known to the referring clinicians.
To complicate matters, even in the ideal setting, when RT-PCR
is available and results are delivered within minutes to hours,
the sensitivity of the RT-PCR for SARS-CoV2 is poor,29 leaving
emergency clinicians with a dilemma as to how to manage
patients with non-specific presenting symptoms suggestive of
COVID-19 with a negative initial RT-PCR test. This dilemma
emphasizes the need to maximize available knowledge in the
ED setting. Time from symptom onset is available data in this
setting, and applying it to CXR interpretation may improve
diagnostic accuracy.
Despite not being recommended for diagnosis of COVID-19,
the CXR is a tool used for the risk stratification of patients
with COVID-19 and is often used as an aid to decision-making
with regard to discharge vs hospitalization and the amount of
close monitoring needed for specific patients.13,18,20 Our study
validates this approach and shows that the amount of pulmonary
opacities, as quantified by the RALE score, correlates with poor
outcome. The knowledge gained from this study allows for a
better understanding of the diagnostic and prognostic value of
CXRs in COVID-19 patients and can aid emergency physicians
in clinical decision-making. The added information can also serve
educators and future researchers in understanding the strengths
and weaknesses of CXRs, as this “classic” imaging modality is
also the most frequently performed.

repeat the test and, hence, could underestimate the specificity.17
Even though this methodology is well accepted,16 and the
motivation was to ensure having only truly non-COVID-19
patients in the control group, the trade-off eliminated many
non-COVID-19 patients who might have had less remarkable
radiographs. All these biases do not impact the results regarding
prognosis, as these did not relate to the control group.
The study’s results can be generalized to the ED setting. In
a community setting, in which fewer non-COVID-19 patients
have competing conditions, LRs will move further away from 1,
and the test will appear more useful.31

LIMITATIONS
This study has several sources of bias. Differential
verification bias (double gold standard bias)17 was present in our
study, as we selected patients with only one RT-PCR test for the
COVID-19 group, whereas we selected only patients with two
negative RT-PCR tests for the control group. Lack of clinical
follow-up to confirm the absence of COVID-19 precluded
incorporation of this patient population with only one negative
test into our study. In our opinion, the bias reduced specificity,
as the patients in the control group were sicker with almost
four times the mortality rate and a higher prevalence of heart
disease and active cancer. Thus, the patients in the control group
probably had more lung opacities than would be expected in the
general population.
Similarly, spectrum bias potentially influenced our results
because the control group was enriched with many “sickest of
the sick,” whose clinical condition influenced the decision to

Copyright: © 2020 Kerpel 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/

Western Journal of Emergency Medicine

CONCLUSION
Chest radiography was found not to be a valid diagnostic
tool for COVID-19. However, sensitivity increased in patients
presenting later in the disease course. When presenting early,
a normal or near-normal CXR is more likely in COVID-19.
When a pleural effusion is present, the diagnosis is unlikely to
be COVID-19. Furthermore, more extensive lung opacities at
presentation are associated with poor outcome in COVID-19
patients. Thus, patients with more than minimal opacities
should be monitored closely for clinical deterioration. This
clinical application of chest radiography is its greatest strength
in COVID-19 as it impacts patient care.
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The current global severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has
magnified the risk to healthcare providers when inititiating airway management, and safe tracheal
intubation has become of paramount importance. Mitigation of risk to frontline providers requires
airway management to be an orchestrated exercise based on training and purposeful simulation.
Role allocation and closed-loop communication form the foundation of this exercise. We describe a
methodical, 10-step approach from decision-making and meticulous drug and equipment choices to
donning of personal protective equipment, and procedural concerns. This bundled approach will help
reduce unplanned actions, which in turn may reduce the risk of aerosol transmission during airway
management in resource-limited settings. [West J Emerg Med. 2020;21(5)1076-1079.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at the
time of publication and may evolve as the science develops.
BACKGROUND
The emergence of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), or COVID-19, pandemic
has brought infections that are transmitted via droplet and
aerosol under the spotlight.1 Infections such as influenza A
subtype H1N1, Nipah virus infection, Ebola virus disease,
and multidrug-resistant tuberculosis are equally contagious
and pose a significant risk to healthcare professionals,
especially those involved in airway management.2,3 Herin, we
describe a step-by-step approach to endotracheal intubation
of critically ill patients with suspected or confirmed
COVID-19 and other airborne diseases with the goal of
limiting the risk of exposure to healthcare providers.
CONCEPTS
1. Rapid sequence intubation (RSI) and invasive mechanical
Western Journal of Emergency Medicine

ventilation are preferred. Non-invasive positive pressure
ventilation (NIPPV) increases the risk of aerosol
generation; NIPPV has been associated wth increased
risk of healthcare worker infection and hence should be
avoided.4-6
2. The care area is divided as follows:
• Hot zone: A three-meter [9.85 feet] radius around the
patient
• Warm zone: The area between hot and cold zone where
decontamination takes place
• Cold zone: The outermost noncontaminated area.
3. The intubation team members are described in Table 1.
4. Encourage closed-loop communication.
STEPS OF MIST (Modified Intubating Sequence for
Transmissibility) BUNDLE
1. Pre-assessment phase and pre-briefing phase – Cold
Zone
Step a. Review patient clinical data to determine
appropriateness of endotracheal intubation and mechanical
ventilation for the patient.
Step b. Team leader (TL) debriefs the intubation plan to the
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team to avoid unplanned and unarticulated actions.
Step c. Infection control nurse (ICN) alerts team to any
breach of protocol or infection control practice.

Population Health Research Capsule
What do we already know about this issue?
Several protocols for intubation during
the COVID-19 pandemic aim at reducing
transmissibility of infections by using
sophisticated equipment.

2. Preparatory phase – Cold Zone
Step a. Use continous positive airway pressure mode with
non-invasive ventilation (NIV) mask for preoxygenation.
The registered respiratory therapist (RRT) assembles the
ventilator with its circuit including preparation of the NIV
mask with a viral filter and checks for possible leaks and
disconnections. Ventilator settings: pressure support 0
centimeters of water, positive end expiratory pressure as per
the requirement, and fraction of inspired oxygen to 100%.
Deselect the apnea setting.
Step b. Review the equipment required for intubation (Figure
1A) (Table 2); the registered nurse (RN) loads pre-calculated
doses of RSI medications (Table 3).
Step c. The assembly (Figure 1B) of the endotracheal tube
(ETT) should be preset with a catheter mount containing a
viral filter, and an inflation syringe with an intubating bougie.

What was the research question?
How can we reduce the risk of aerosol hazards
from infectious diseases transmitted during
intubation?
What was the major finding of the study?
Execution of intubation in suspected aerosoltransmitted infections can be performed
systematically in low-resource settings.
How does this improve population health?
The protocol is aimed at safeguarding
healthcare professionals against aerosol hazards
while performing airway interventions.

3. Preoxygenation Phase: Hot Zone
Step a: The RRT ensures wall-mounted suction unit is
properly connected. A Yankauer suction connected to the
wall-mounted suction unit should be available, but its usage
should be judicious. The suction tip, if used, should be
disposed of in a Ziploc bag.
Step b: TL at the head of the bed places the NIV mask
with the viral filter onto the patient and ensures proper
sealing to avoid leak. The RRT “starts” the ventilator and
preoxygenates until adequate oxygen saturation is attained.

Avoid bag-valve mask for preoxygenation. Meticulous
preoxygenation should be done for 3–5 minutes.
Step c: RN ensures patent intravenous access, assesses the
vitals periodically, and communicates them to the TL.

Table 1. Role Allocation and Personnel Details of intubation team.
S. No

Personnel

Stationed in

Responsibility

1

Team
leader

Hot Zone
(3-meter
radius)

Performs tracheal intubation

2

Registered
respiratory
therapist

Hot Zone

Oversees airway and
ventilator equipment

3

Registered
nurse

Hot Zone

Ensures IV access and
administers IV medications

4

Infection
control
nurse

Warm Zone

Oversees procedure and
protocols

IV, intravenous; TL, Team Leader; RRT, Registered Respiratory
Therapist; RN, Registered Nurse; ICN, Infection Control Nurse.

Volume 21, no. 5: September 2020

4. Peri Induction phase: Hot Zone
Step a: RN administers the pre-calculated dose of the
induction agent followed by the paralytic agent to the patient.
Step b: Approrpiate patient positioning should be performed
to maximise safe apnoea time.

Figure 1. A. List of equipment required in intubation trolley. PVC pipe
sealed at one end (white arrow) filled with 1% sodium hypochlorite
solution is used for discarding the soiled bougie and yellow bag
(arrow head) for discarding the soiled wastes. B. Intubation unit.

1077

Western Journal of Emergency Medicine

Balakrishnan et al.

MIST Bundle for Infectious Diseases with Aerosol Hazard
Table 2. List of equipment required in intubation trolley.
Equipment
Intubation unit (Figure 1B)
Macintosh laryngoscope with size 3 and 4
blades in a sterile tray

6. Post-intubation Phase: Hot Zone
Step a: Continue ventilation and monitor hemodynamics.
Initiate early sedation and analgesia.
Step b: Ensure all soiled equipment has been disposed
of appropriately into the yellow bag for decontamination
(Figure 1A).8
Step c: The order of doffing and decontamination is TL,
followed by the RN, and then the RRT who should be
separately overviewed and monitored by the ICN.

Numbers
1
1 each

iGel

2

Stethoscope

1

Cuffed ETT, size 7

1

ETT fixator

1

IV fluid with infusion set

1

Ziploc bags

5

CONCLUSION
This sequence should guide healthcare professionals to
minimize aerosol and droplet transmission during intubation
and expedite better patient care. This approach does not
involve significant resource intensification and can be done in
resource-limited settings.

ETT, endotracheal tube; IV, intravenous.

Table 3. List of drugs used in Intubation.
Drugs

Dose

Inducing agent
Inj. etomidate or
Inj. ketamine

0.3mg/kg IV
1-2mg/ kg IV

Paralytic agent
Inj. rocuronium

1-1.2mg/kg IV

Address for Correspondence: Sanjan Asanaru Kunju, MD, DNB,
Kasturba Medical College, Department of Emergency Medicine,
Tiger Circle Road, Madhav Nagar, Manipal, Karnataka 576104,
India. Email: sanjan.a@manipal.edu.

Inj, injection; mg, milligram; kg, kilogram; IV, intravenous.

5. Peri-intubation Phase: Hot Zone
Step a: The RRT sets the ventilator on standby mode b after
adequate paralysis and oxygen saturation is achieved.
Step b: TL subsequently removes the NIV mask, which is
disconnected from the ventilator by the RRT and placed in a
Ziploc bag.
Step c: TL performs laryngoscopy. During this time, the
RRT is required to change the settings of the ventilator to
“assist control mode ventilation.”. Once the vocal cords are
visualized, the RRT hands over the intubating unit to the TL
who should then pass the bougie between the cords under
direct visualization. Video laryngoscope is a preferred choice
for intubation of such patients, if available.
Step d: The RRT assists in guiding the ET over the bougie
and should subsequently inflate the cuff with the pre-filled
air syringe.
Step e: The RRT then removes the bougie and disposes of it
in the preset disposition system (Figure 1A).
Step f: The RRT then proceeds to connect the ET to the
ventilator and convert the ventilator from standby to
its preset settings. Simultaneously, the TL removes the
laryngoscope and places it in a Ziploc bag.
Step g: The RN confirms the position of the tube with fivepoint auscultation, following which the stethoscope should
be disposed of in the Ziploc bag. End-tidal carbon dioxide
confirmation is advised, if available.
Western Journal of Emergency Medicine
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Introduction: Barrier enclosures have been developed to reduce the risk of COVID-19 transmission
to healthcare providers during intubation, but little is known about their impact on procedure
performance. We sought to determine whether a barrier enclosure delays time to successful
intubation by experienced airway operators.
Methods: We conducted a crossover simulation study at a tertiary academic hospital. Participants
watched a four-minute video, practiced one simulated intubation with a barrier enclosure, and then
completed one intubation with and one without the barrier enclosure (randomized to determine
order). The primary outcome measure was time from placement of the video laryngoscope at the lips
to first delivered ventilation. Secondary outcomes were periprocedural complications and participant
responses to a post-study survey.
Results: Proceduralists (n = 50) from emergency medicine and anesthesiology had median
intubation times of 23.6 seconds with practice barrier enclosure, 20.5 seconds with barrier enclosure,
and 16.7 seconds with no barrier. Intubation with barrier enclosure averaged 4.5 seconds longer
(95% confidence interval, 2.7-6.4, p < .001) than without, but was less than the predetermined
clinical significance threshold of 10 seconds. Three complications occurred, all during the practice
intubation. Barrier enclosure made intubation more challenging according to 48%, but 90% indicated
they would consider using it in clinical practice.
Conclusion: Experienced airway operators performed intubation using a barrier enclosure with
minimal increased time to procedure completion in this uncomplicated airway model. Given potential
to reduce droplet spread, use of a barrier enclosure may be an acceptable adjunct to endotracheal
intubation for those familiar with its use. [West J Emerg Med. 2020;21(5)1080-1083.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

Western Journal of Emergency Medicine

INTRODUCTION
Background
On December 31, 2019, the World Health Organization
(WHO) was first notified about a cluster of cases of pneumonia
in Wuhan City, Hubei Province, China.1,2 The identified
virus, named SARS-CoV-2, causes the disease now termed
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COVID-19.2-4 On March 11, 2020, COVID-19 was officially
labeled a pandemic.2,5 The infection continues to spread rapidly,
and affects the majority of countries across the globe.6
Aerosol-generating procedures (AGP), such as bag-mask
ventilation and endotracheal intubation (ETI), are high risk for
nosocomial transmission of respiratory infections to healthcare
providers.7,8 COVID-19 is transmitted by contact and droplet
transmission, while aerosol spread remains uncertain.9
SARS-CoV-2 is stable in aerosol under laboratory conditions,
indicating that aerosol transmission is a plausible means
of transmission of COVID-19 to healthcare providers.10,11
Furthermore, SARS-CoV-2 may remain infectious in aerosols
for hours.10 Transmission from critically ill patients is a
significant source of anxiety for healthcare providers,12 and
early reports suggested 19% of COVID-19 cases were in
healthcare providers.13
Importance
Guidelines have emerged to encourage safe care of
patients during the COVID-19 pandemic while minimizing
risk to healthcare providers.14 A central component of the
guidelines is the proper use of personal protective equipment
(PPE) to decrease nosocomial infection with COVID-19.
However, shortages of adequate PPE are widespread.15 Novel
strategies have been developed to mitigate nosocomial spread
during ETI, especially given PPE shortages. Physical barriers
to shield the proceduralist’s face from the patient’s airway
have been developed.
At the most basic level, a simple box made out of
corrugated fiberboard and transparent plastic wrap has been
described.16 Instructions for an “aerosol box,” which can be
made inexpensively out of acrylic or polycarbonate material
and is reusable after proper cleaning, are widely available on
the Internet.17 This original design has since been modified
to make it larger and more accommodating to different-sized
patients while also better allowing other techniques, such
as use of a gum elastic bougie.18,19 On May 1, 2020, the US
Food and Drug Administration issued an Emergency Use
Authorization for protective barrier enclosures.20
A barrier enclosure device was tested using dye and
a simulated cough and was reported to potentially reduce
contamination of the proceduralist.21 However, the use of
barrier enclosure devices is not without criticism. Questions
regarding the applicability to larger patients and the limited
space in which to work for such a critical procedure as ETI
remain unanswered.22,23 Prior studies have shown minimal
impact of PPE use on ETI success,24,25 but use of a barrier
enclosure may lead to breaches in PPE.19 Of paramount
concern is that use of the barrier enclosures seems to be
spreading through social media and the Internet despite little
evidence supporting their safety or efficacy.22,23
Goals of This Investigation
Before implementing widespread use of a novel device,
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Barrier enclosures have been developed to
reduce the risk of COVID-19 transmission to
healthcare providers during intubation.
What was the research question?
We sought to determine whether a barrier
enclosure delays time to successful intubation
by experienced airway operators.
What was the major finding of the study?
Experienced clinicians performed intubation
using a barrier enclosure with minimal
increased time to procedure completion.
How does this improve population health?
Given risk of COVID-19 transmission to
healthcare providers during intubation, use
of a barrier enclosure may be an acceptable
adjunct for those familiar with its use.

testing is needed to establish an evidence base supporting its
safety. Prior studies have demonstrated that negative patient
outcomes are associated with delayed first-pass intubation
success.26-28 The use of a barrier enclosure, especially by
individuals who have had little or no prior experience with the
device, may delay time to successful intubation or increase
periprocedural complications. We sought to determine whether
use of a barrier enclosure delays time to successful intubation
by experienced airway operators.
METHODS
Study Design and Setting
We conducted a nonblinded crossover simulation study
involving the use of a video laryngoscope for simulated
ETI under standard conditions with and without use of a
barrier enclosure (Figure 1). Each participant watched an
approximately four-minute video demonstrating proper
use of the barrier enclosure and then had one intubation
practice attempt with the barrier enclosure. Participants were
assigned a number (consecutively) and randomized to either
intubate with the barrier enclosure (odd numbers) or without
(even numbers). They then crossed over and intubated
without (odd numbers) or with the barrier enclosure (even
numbers). After completion of the intubation attempts,
each participant was asked to answer two brief questions.
The study was reviewed and considered exempt by our
institutional review board.
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Enrollment

Randomization

Cross Over

Analysis

Figure 1. Design and flow of participants through the trial: All participants watched an introductory video and were then randomized
into two groups. All groups performed a practice, barrier-enclosure baseline measurement, and depending on the group randomization,
performed either a second trial with the barrier enclosure or no barrier enclosure. For the third trial the participants crossed over. All
participants answered a two-question survey.

The barrier enclosure used was produced at our institution
in collaboration with the Anatomic Modeling Lab and the
Department of Engineering (Figure 2). It is modified from
the box described by Hsien Yung Lai.17,18 It is constructed
out of clear polycarbonate and measures 45.7 x 35.6 x 48.2
centimeters (cm) (18 x 14 x 19 inches). There are two circular
cut-outs measuring 12.7 cm (5 inches) in diameter and placed
12.7 cm (5 inches) apart. The center of the holes are at a
height of 30.5 cm (12 inches). The device additionally has side
ports allowing oxygen inflow on one side and suction outflow
on the opposite side. The idea is to create laminar flow in an
attempt to capture small droplets or aerosols. The impact on
aerosol and droplet capture, however, has not been confirmed.
The enclosure is open on the side toward the patient’s feet and
is covered with a disposable surgical drape to further mitigate
droplet and aerosol spread and allow a second provider to pass
tools to the proceduralist as needed.
Western Journal of Emergency Medicine

The procedures were performed using a GlideScope
video laryngoscope (Verathon Inc., Bothell, WA) with a size
3 cradle and a 7.0 millimeter endotracheal tube (ETT) with
a GlideRite rigid stylet (Verathon Inc., Bothell, WA). The
Airway Management Trainer (Laerdal Medical, Stavanger,
Norway) mannequin was selected based on a balance of
portability and realism. However, given the rigid plastic plate
that secures the trainer, it was found to be higher off the bed
than a sample live patient. We used a plastic storage container
lid to support the enclosure (Figure 2) and better replicate the
height of a sample patient, which also matched the SimMan
3G mannequin (Laerdal Medical, Stavanger, Norway) with
approximately 25 cm from the highest point (chin) to the top
of the barrier enclosure. Two study authors were present for
each measurement. One recorded the time (FP) while the
other (SMY, BJS, or TAL) performed the role of an assistant
provider, assisting with tasks identically both with and without
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and the time is almost entirely dependent on the proceduralist.
Secondary outcomes included recording complications, such
as failed attempt at intubation or right mainstem intubation,
and post-study questionnaire. After completion of the
intubation attempts, each participant was asked:
1) “Did you feel that the intubation box made the
procedure more challenging? YES/NO. If YES, what was
most difficult about using the intubation box?”
2) “Would you consider using this device in clinical
practice? YES/NO. If NO, why not?”
Primary Data Analysis
The primary outcome was comparison of the time to
intubation (time from laryngoscope at the lips until the
first ventilation) between intubation with and without the
barrier enclosure. The predetermined meaningful difference
in intubation outcome between arms was a time difference
of greater than 10 seconds or failed intubation. With a
predetermined sample size of 50 participants, we anticipated
90% power to detect a difference that was one-half the size
of the standard deviation. We also considered the subjective
responses from the participants regarding whether or not the
barrier enclosure made the procedure more difficult and whether
or not they would consider using it in clinical practice.
Continuous features are summarized as medians and
interquartile ranges (IQR). Categorical features are summarized
as counts and percentages. Differences in intubation times
between experimental conditions were assessed using pairedsample t-tests. The proportion of survey responses indicating
“Yes” for each question was compared to a baseline 50%
response rate using a one-proportion Z test. We computed
confidence intervals (CI) for survey response rates using an
asymptotic Gaussian approximation. All tests were two-sided
and p-values below 0.05 were considered significant. For
intubation times, a difference of greater than 10 seconds was
predetermined as the threshold for clinical significance.

Figure 2. Set up with barrier enclosure placed around Airway
Management Trainer (Laerdal Medical, Stavanger, Norway),
GlideScope and endotracheal tube, as well as bag-valve mask
within reach and visibility for participants, as well as the drape
to protect the assistant. The barrier enclosure has a side port
on each side, one for suction and one for oxygen insufflation to
create a laminar flow and attempt to decrease droplet or aerosol
spread through the circular cut outs or the draped side.

the barrier enclosure. The assistance was meant to replicate
that which is generally provided during an ETI and included
the following: handing the ETT to the proceduralist; assisting
with removal of the stylet once requested or initiated by
the proceduralist; inflating the ETT cuff once the tube was
properly placed; and providing initial ventilation.
The study took place in the emergency department and
operating rooms at a large, tertiary academic medical center in
May 2020. The simulation procedures were done in situ. Centers
for Disease Control and Prevention (CDC) social distancing
recommendations at the time of the study limited numbers of
individuals who could meet, making large gatherings such as
conferences or in-person teaching sessions impossible. The brief
time requirement and in situ clinical setting allowed participants
to complete the study while working clinically.
Selection of Participants
We recruited healthy volunteers who were employed at our
hospital and are experienced clinicians who regularly perform
ETI as part of their clinical practice. Participants were reached
by e-mail and in person and given information about the study.
Outcome Measures
The primary outcome measure was time from placement
of the laryngoscope blade at the lips to first successful
ventilation of the lungs. This time period was chosen as it
represents a period when the patient is most at risk for hypoxia
Volume 21, no. 5: September 2020

RESULTS
Characteristics of Study Subjects
In total, 51 participants took part in this study including
22 anesthesiologists and 29 emergency physicians, nurse
practitioners, or physician assistants. One participant
had multiple practice attempts and was excluded. Cohort
demographics are given in Table 1. Data was available for all
50 included participants for primary analysis.
Main Results
Table 2 provides a summary of intubation times for the
practice, barrier enclosure, and no-barrier trials for each of
the demographic sub-groups. Overall, time to intubation for
the practice trial was the longest, with a median intubation
time of 23.6 seconds (IQR: 18.8 - 28.9). Barrier enclosure
trials were the second longest, with a median time of
20.5 seconds (IQR: 16.3 - 25.8), and no-barrier enclosure
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Table 1. Summary of cohort demographics in trial of using a barrier enclosure box for intubation.
Group 1: Box – No Box
Group 2: No Box - Box
Anesthesia (N = 10)

EM (N = 15)

Anesthesia (N = 11)

EM (N = 14)

Male

9 (90%)

6 (40%)

6 (55%)

9 (64%)

Female

1 (10%)

9 (60%)

5 (45%)

5 (36%)

Attending

9 (90%)

6 (40%)

10 (91%)

8 (57%)

Nurse Practitioner/
Physician Assistant

0 (0%)

2 (13%)

0 (0%)

2 (14%)

Gender

Role

Resident

1 (10%)

7 (47%)

1 (9%)

4 (29%)

Year of Residency

1 PGY 4

2 PGY 1
4 PGY 2
1 PGY 3

1 PGY 3

3 PGY 1
1 PGY 2

Prior Experience with
Barrier Enclosure
Yes

2 (20%)

1 (7%)

2 (19%)

0 (0%)

No

8 (80%)

14 (93%)

9 (81%)

14 (100%)

EM, emergency medicine; PGY, postgraduate year.

Table 2. Summary of intubation time (seconds)
Practice Median [IQR]

Barrier Median [IQR]

No Barrier Median [IQR]

23.6 [18.8 – 28.9]

20.5 [16.3 – 25.8]

16.7 [10.8 – 19.1]

Male

21.0 [16.0– 24.6]

17.3 [13.2 – 23.5]

14.63 [10.1 – 18.5]

Female

27.3 [23.7 – 30.6]

22.4 [18.2 – 29.9]

17.5 [16.7 – 22.5]

EM

27.4 [23.3 – 34.0]

24.4 [20.7 – 29.7]

17.8 [16.7 – 20.7]

Anesthesiology

17.8 [13.3 – 23.6]

15.5 [12.3 – 17.2]

10.4 [8.6 – 15.4]

Attending

23.6 [16.9 – 28.5]

17.3 [13.8 – 22.6]

15.6 [10.1 – 19.2]

Nurse Practitioner/
Physician Assistant

31.1 [28.5 – 32.8]

28.1 [25.5 – 34.8]

17.6 [16.9 – 21.4]

Resident

21.9 [20.1 – 29.8]

22.1 [19.1 – 25.6]

17.0 [16.5 – 18.8]

No

24.3 [19.2 – 29.8]

20.63 [16.7 – 26.7]

16.7 [12.2 – 19.4]

Yes

18.7 [17.8 – 20.9]

15.46 [12.5 – 18.7]

10.6 [7.7 – 17.0]

Overall
Gender

Specialty

Role

Prior Experience with Barrier
Enclosure

IQR, interquartile range; EM, emergency medicine

trials were the shortest with a median time of 16.7 (IQR:
10.8 - 19.1) seconds. There were three complications
reported during the practice intubations: one right mainstem
intubation and two episodes of the stylet being removed
but then reinserted in order to appropriately advance the
tube. No complications occurred during either the barrier
enclosure trials or the no-barrier trials.
Western Journal of Emergency Medicine

Figure 3 shows the difference in intubation times for the
barrier enclosure and no-barrier trials for all participants.
Of the 50 participants, 42 (84%) took longer in the barrier
enclosure intubation compared to the no-barrier trial. The
barrier intubation was found to take significantly longer
than the no-barrier intubation, with an average increased
intubation time of 4.5 seconds (95% CI, 2.7-6.4, p < .001).
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Figure 3. Difference in intubation time comparing use of barrier with use of no-barrier enclosure. Positive numbers reflect a longer time
without a barrier enclosure; negative numbers reflect a longer time with the barrier enclosure.

Although the increase in time did not meet the predetermined
overall clinical significance threshold of 10 seconds, in nine
participants the intubation time was prolonged by more than
10 seconds for the barrier enclosure compared to no barrier.
In addition, when comparing the practice and no-barrier trials,
the practice trials were an average of 9.8 seconds longer (95%
CI, 6.3 – 13.3, p < .001).
Figure 4 shows the difference in intubation times for the
practice barrier enclosure and follow-up barrier enclosure
trials for all participants. Overall, the practice intubation
took significantly longer than the follow-up barrier shield
intubation, with an average increased intubation time of
5.2 seconds (95% CI, 2.0-8.5, p = .002). Out of the 50
participants, 13 (26%) took longer in the follow-up barrier
intubation compared to the practice.
Table 3 provides details regarding the respondents who
found the barrier enclosure made intubation more difficult and
those who would consider using it in a clinical setting. Fortyeight percent (24/50) of participants indicated that the barrier
enclosure made the intubation more challenging (p = 0.89).
Reasons cited for increased difficulty included the following:
challenges with the stylet removal; decreased dexterity
and range of motion; trouble handling the ETT within the
enclosure; and difficulty inserting the laryngoscope and
ETT into the mouth. Ninety percent (45/50) of respondents
indicated they would consider using a barrier enclosure in
clinical practice (p<0.001). Twenty-one of the 24 (88%)
Volume 21, no. 5: September 2020

participants who indicated that the barrier enclosure made the
procedure more challenging would still consider using it in
clinical practice.
DISCUSSION
Protection of healthcare providers from COVID-19
infection while allowing safe care of patients is paramount.
PPE supply shortages have been an ongoing dilemma during
the pandemic. For these reasons, innovative strategies to
decrease contagion during AGP are welcome. Furthermore,
even if PPE supplies are robust, breaches in PPE during AGP
and in donning and doffing can occur. Therefore, strategies
to decrease droplet or aerosol spread of virus during airway
management can be helpful in all settings. The barrier
enclosure device may offer one such benefit. However, its
safety has not previously been demonstrated.
The authors applaud Dr. Lai for allowing open access to
the design and rationale of his novel “aerosol box.”17 We have
modified our own barrier enclosure to allow additional space
for tube passage, stylet removal, bag-valve mask ventilation,
and even use of a bougie or other airway adjuncts. Our barrier
enclosure uses tubed-in oxygen and high-flow suction to
create laminar air flow within the enclosure. It seems unlikely
that any barrier enclosure can eliminate aerosolization of viral
particles; the term “aerosol box,” as pointed out by Chan,
is somewhat of a misnomer.22 Therefore, use of a barrier
enclosure does not preclude the need for full PPE. This
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Figure 4. Difference in intubation time for practice and follow-up use of barrier enclosure. Positive numbers reflect a longer time during
the practice barrier enclosure intubation (prior to study); negative numbers reflect a longer time during the follow-up barrier-enclosure
intubation (during study).

Table 3. Summary of “yes” responses to survey questions.
Respondents

Q1: More Challenging?

Q2: Use in Practice?

50

24 (48%)

45 (90%)

Male

30

13 (43%)

27 (90%)

Female

20

11 (55%)

18 (90%)

EM

29

19 (66%)

26 (90%)

Anesthesiology

19

5 (24%)

19 (91%)

Attending

33

13 (39%)

29 (88%)

Nurse Practitioner/
Physician Assistant

4

2 (50%)

4 (100%)

Resident

13

9 (69%)

12 (92%)

No

45

21 (47%)

40 (89%)

Yes

5

3 (60%)

5 (100%)

Overall
Gender

Specialty

Role

Experience with Barrier
Enclosure

tempers the potential benefits of these devices and must be
weighed against the potential risks of their use.
In our study cohort, 48% of the participants felt using a
barrier enclosure made intubation more challenging, yet 90%
Western Journal of Emergency Medicine

of the participants would still consider using it with a real
patient. This highlights that the participants are willing to
accept a more challenging and potentially longer intubation
process to further minimize droplet and aerosol spread. While
1086
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both video and direct laryngoscopy are regularly performed
at our institution, in response to the COVID-19 pandemic,
all emergent intubations are initially performed with video
laryngoscopy. This is consistent with previously mentioned
recommendations to maximize first-pass success.14 Video
laryngoscopy has been shown to have higher first-pass
success rates and fewer complications.29,30 In addition, direct
laryngoscopy generally requires that the proceduralist’s face
is closer to the patient’s mouth than is required for video
laryngoscopy. For these reasons, we chose to test the barrier
shield using the video laryngoscopy technique.
Our results confirmed that first-pass ETI with the video
laryngoscopy technique by experienced clinicians was
delayed by an average of 4.5 seconds when using a barrier
enclosure. For most situations, this level of delay is likely of
no significant consequence to the patient. However, the delay
was seen in an uncomplicated simulated intubation and could
be much greater when dealing with a difficult airway situation.
We did see an expected improvement from the initial baseline
use of the barrier enclosure to the second attempt with the
device, decreasing the time to intubation by an average of 5.2
seconds. We do not know whether additional practice would
further narrow the delay compared to intubation without
a barrier enclosure, but our findings suggest that even one
practice with the device was helpful.
LIMITATIONS
We tested only a standard adult intubation using a video
laryngoscope technique. We did not assess the impact the
barrier enclosure would have on more challenging intubations
or other techniques such as direct laryngoscopy or use
of a gum elastic bougie. Neither the researchers nor the
participants were blinded as to whether or not they were using
the barrier enclosure. While the research team attempted to be
consistent across groups, it is possible that the lack of blinding
could have affected how assistance was given to participants.
Also, the participants were aware they were being timed.
While we encouraged them to try and perform the procedure
as they would in an actual clinical setting, it is possible that
some rushed to try and complete the procedure in a shorter
period of time. The study was conducted in situ to be able
to include as many participants while they were working
clinically. In the interest of time, we were not able to conduct
a second trial with the same participants to confirm our
findings. We did record the year of each resident participant,
but did not capture years of experience for attendings.
While delays in first-pass intubation success have been
associated with worse patient outcomes,26-28 there is not a clear
cut-point as to when delays become clinically meaningful.
Based on our clinical experience, we chose a delay of more
than 10 seconds as potentially clinically important during this
phase of the procedure when the patient is paralyzed and at
highest risk for hypoxia; however, there is little data to support
any specific time point.
Volume 21, no. 5: September 2020

Many modifications have now been made to the originally
described “aerosol box,” which may limit applicability if
using a different type of barrier enclosure. Finally, this was a
simulation study, which limits applicability to actual patients.
While this was a simulated study and could not completely
replicate actual clinical conditions, we did not feel it would be
ethical to proceed with initial testing of this novel device on
actual patients. However, simulation can be valuable in testing
innovations in healthcare.31 Simulation has also been shown to
be more effective than non-simulation techniques in teaching
airway management,32 and mannequin-based models produce
similar intubation times and first-pass success compared to
cadaver models.33
CONCLUSION
Whether or not to use a barrier enclosure is a decision
that should be made carefully. Given the minimal increased
time to first-pass success in an uncomplicated airway
along with potential to decrease droplet spread during
endotracheal intubation, use of a barrier enclosure appears
to be an acceptable technique for those who are familiar
with the device and the necessary adaptations to complete
the procedure. Further research should focus on the impact
of barrier enclosure use during difficult intubation scenarios
and actual clinical encounters. Additionally, further robust
investigation into how well these devices reduce droplet or
aerosol spread of virus would also be of interest.
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Introduction: The correct use of personal protective equipment (PPE) limits transmission of serious
communicable diseases to healthcare workers, which is critically important in the era of coronavirus
disease 2019 (COVID-19). However, prior studies illustrated that healthcare workers frequently
err during application and removal of PPE. The goal of this study was to determine whether a
simulation-based, mastery learning intervention with deliberate practice improves correct use of PPE
by physicians during a simulated clinical encounter with a COVID-19 patient.
Methods: This was a pretest-posttest study performed in the emergency department at a large,
academic tertiary care hospital between March 31–April 8, 2020. A total of 117 subjects participated,
including 56 faculty members and 61 resident physicians. Prior to the intervention, all participants
received institution-mandated education on PPE use via an online video and supplemental materials.
Participants completed a pretest skills assessment using a 21-item checklist of steps to correctly
don and doff PPE. Participants were expected to meet a minimum passing score (MPS) of 100%,
determined by an expert panel using the Mastery Angoff and Patient Safety standard-setting
techniques. Participants that met the MPS on pretest were exempt from the educational intervention.
Testing occurred before and after an in-person demonstration of proper donning and doffing techniques
and 20 minutes of deliberate practice. The primary outcome was a change in assessment scores of
correct PPE use following our educational intervention. Secondary outcomes included differences in
performance scores between faculty members and resident physicians, and differences in performance
during donning vs doffing sequences.
Results: All participants had a mean pretest score of 73.1% (95% confidence interval [CI], 70.975.3%). Faculty member and resident pretest scores were similar (75.1% vs 71.3%, p = 0.082).
Mean pretest doffing scores were lower than donning scores across all participants (65.8% vs 82.8%,
p<0.001). Participant scores increased 26.9% (95% CI of the difference 24.7-29.1%, p<0.001)
following our educational intervention resulting in all participants meeting the MPS of 100%.
Conclusion: A mastery learning intervention with deliberate practice ensured the correct use of
PPE by physician subjects in a simulated clinical encounter of a COVID-19 patient. Further study of
translational outcomes is needed. [West J Emerg Med. 2020;21(5)1089-1094.]
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INTRODUCTION
The pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) and its resultant clinical illness,
coronavirus disease 2019 (COVID-19), has stressed healthcare
systems across the world. Nearly 10,000 healthcare workers
contracted COVID-19 in the United States (US) alone during the
period from February 12–April 9, 2020.1 SARS-CoV2 spreads by
means of surface contamination, exposure to droplets containing
viral particles, and through aerosolization, particularly during
high-risk procedures.2 Healthcare workers are at increased risk
for infection given frequent exposure to the virus during routine
patient care.
Proper use of personal protective equipment (PPE) by
healthcare workers is well established to decrease the rate of
infectious disease transmission, including by means of selfcontamination.3 However, prior studies have demonstrated
that healthcare workers are inconsistent in the proper use
of PPE. Contamination rates during donning and doffing
of PPE range from 10-100%.3,4 Deviations from accepted
protocols for donning and doffing PPE also occur in 50-87%
of healthcare workers.4-6 Therefore, effective education to
improve donning, wearing, and doffing of PPE is critical for
healthcare worker safety.
A number of educational interventions to improve correct
use of PPE have been performed with varying success.3,7 A
growing body of evidence suggests that simulation-based
mastery learning (SBML) is more effective than other
educational techniques to attain procedural skill mastery.8,9
SBML is an educational technique that must include the
following: 1) baseline testing of a target skill; 2) discrete
learning objectives organized by rising difficulty; 3) attentive
learner engagement during the activity; 4) a defined minimum
passing standard (MPS); 5) testing during the educational
process to direct learning and evaluate achievement of
the MPS; 6) advancement after reaching the MPS; and 7)
continued practice until the MPS is achieved.10 This method
often is paired with deliberate practice, which requires
highly motivated students to engage in focused, repetitive
practice toward a specified goal with informative feedback to
correct errors. The goal of SBML is to have all participants
achieve an expert level of skill with minimal to no variation,
which is crucial in patient care environments. Moreover,
implementation of a SBML curriculum may improve
translational outcomes.11-13 The goal of this study was to
determine whether mastery learning methodology can improve
physician ability to correctly don and doff PPE during a
simulated clinical encounter with a COVID-19 patient.
METHODS
Study Design and Approval
Physician subjects participated in a mastery learning
educational intervention with a simulated clinical encounter
of a patient with COVID-19.14 Prior to the intervention, all
participants had received institution-mandated N95 mask-fit
Western Journal of Emergency Medicine
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testing and training on the proper use of PPE via an online
video and a supplemental online infographic demonstrating
steps of donning and doffing of PPE. Participants were
assessed on their ability to correctly don and doff PPE
using a checklist before and after the intervention on the
same day. The study was approved by our local institutional
review board (IRB #55851).
Participants and Study Setting
Participants included clinical faculty members and
emergency medicine (EM) resident physicians in the ED at
a large, academic tertiary care center from March 31–April
8, 2020. The assessment was conducted in an administrative
office space designed to simulate a medical examination room
with a door and no anteroom, with a patient under airborne,
droplet, and contact precautions.
Outcome Measures and Measuring Instrument
Participants were assessed individually prior to the
intervention using a 21-item checklist of steps for donning
and doffing PPE using a double-glove technique (Online
Supplement).15,16 The checklist was developed by one author and
adapted from existing best-practices guidelines on PPE use from
the US Centers for Disease Control and Prevention (Atlanta, GA)
and Stanford University (Palo Alto, CA,).15 Additional authors
with expertise in PPE use, medical education, and checklist
design reviewed and modified the checklist. The checklist
underwent final review and approval by infection control
specialists at our institution to ensure completeness, compliance,
and internal consistency within the hospital system. Equipment
consisted of Medline isolation gowns, Medline Fitguard nitrile
exam gloves (Medline Industries, Inc, Northfield, IL), and
DeRoyal SPEyes Eye ShieldZ (DeRoyal Industries, Powell, TN).
Due to a national shortage of N95 face masks at the time of this
project, a simple substitution of quarter-inch elastic bands stapled
to an 8-ounce paper bowl was used (Figure 1).

Figure 1. A simple substitution of an N95 facemask for simulated
patient encounters.
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Adherence to checklist items during testing was assessed
by four reviewers. All reviewers underwent a one-hour
training on the use of the checklist as a rating instrument,
which consisted of checklist review, demonstration of correct
PPE use by a study author, deliberate practice, and mock
assessments. Reviewers were instructed to give zero points to
items not done or performed incorrectly and one point to items
performed correctly. All reviewers independently scored at
least 10% of participants to determine inter-rater reliability of
the instrument.
A MPS for correct completion of checklist items was
determined by 16 experts using a combination of Mastery
Angoff and Patient Safety approaches.17-19 All 16 experts were
EM clinical faculty members, 10 of whom have advanced
training in medical education, three in medical simulation, and
one in emergency medical services.

faculty members (3.6%) and one resident physician
(1.6%) successfully achieved the MPS on pre-intervention
assessment. Mean pretest score among all participants was
73.1% (95% confidence interval [CI], 70.9-75.3%). There
was no significant difference between the mean pretest
scores of faculty members and resident physicians (75.1%
vs 71.3%, p = 0.082) (Figure 2).
Mean pretest doffing scores were significantly lower
than donning scores (65.8% vs 82.8%, p<0.001). The items
most commonly not completed or incorrectly completed
included “adjusts nosepiece of mask,”, “demonstrates mask
seal check,” “doffs eye shield in room,” “disposes of eye
shield in room,” and “performs hand hygiene on inner
gloves” (Table 2).

Educational Intervention
Physician subjects individually participated in
a mastery learning educational intervention if they
did not achieve the MPS on the pretest assessment.
The intervention consisted of an in-person expert
demonstration of proper donning and doffing of PPE
using the 21 steps outlined in the checklist, followed
by a 20-minute opportunity for deliberate practice with
feedback. If participants again did not achieve the MPS
on reassessment, they were given additional opportunities
for deliberate practice until the MPS was achieved. Final
scores were determined by reviewers unblinded to initial
participant assessments.

Table 1. Demographic information of participants in a simulationbased mastery learning course with deliberate practice to improve
use of personal protective equipment.
Participants (%)
(N=117)
Professoriate rank of faculty members
Professor
Associate

13 (11.1)

Assistant

28 (23.9)

Instructor

8 (6.8)

Total faculty members

56 (47.9)

Postgraduate year (PGY) of resident physicians

Statistical Analysis
We performed statistical analysis using SPSS Statistics
for Windows, Version 24, (IBM Corp., Armonk, NY). Interrater reliability was determined by calculating Cohen’s
kappa statistic. We used a two-tailed paired T-test to compare
pre-and posttest scores. The difference between faculty and
resident physicians’ scores was calculated using a two-tailed
Student’s T-test.

PGY4

15 (12.8)

PGY3

15 (12.8)

PGY2

14 (12.0)

PGY1

16 (13.7)

Total resident physicians

100%

Percent correct

RESULTS
A total of 117 physician subjects participated in the study,
including 56 faculty members (56/88, 63.6%) and 61 EM
resident physicians (61/62, 98.3%). Participant demographic
information is summarized in Table 1.
Standard setting using a Patient Safety approach
resulted in 19/21 of the checklist items deemed critical
for safety. A Mastery Angoff score calculated for the two
non-critical items was 90.2%. Requiring completion of all
items deemed critical from the Patient Safety approach plus
90.2% of two non-critical items resulted in the final MPS
set at 100%.17-19
Agreement between assessors across checklist items
ranged from moderate to strong (κ = 0.70 to 0.87). Two
Volume 21, no. 5: September 2020

7 (6.0)

61 (52.1)

MPS

80%
60%
40%
20%
0%

Resident pretest score
Faculty pretest score
Figure 2. Comparison of resident vs faculty member pretest scores.
MPS, minimum passing score.
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Table 2. Mastery Learning Checklist* for donning and doffing personal protective equipment, with pre-intervention checklist
performance by item and participant role.
Items not completed

Faculty members (N = 56)

Residents (N = 61)

Total participants (N = 117)

11 (19.6)

19 (31.1)

30 (25.6)

Dons inner layer of gloves

2 (3.6)

3 (4.9)

5 (4.3)

Dons gown

9 (16.1)

3 (4.9)

12 (10.3)

Dons mask

1 (1.8)

5 (8.2)

6 (5.1)

Adjusts nosepiece of mask

14 (25)

28 (45.9)

42 (35.9)

Donning sequence
Performs hand hygiene

Demonstrates mask seal check

29 (51.8)

48 (78.7)

77 (65.8)

Dons eye shield

2 (3.6)

0 (0.0)

2 (1.7)

Dons outer layer of gloves

3 (5.4)

4 (6.6)

7 (6.0)

Enters room and closes door

0 (0.0)

0 (0.0)

0 (0.0)

Doffing sequence
Begins doffing 6’ from patient

7 (12.5)

3 (4.9)

10 (8.5)

Doffs gown with outer gloves

15 (26.8)

14 (23.0)

29 (24.8)

3 (5.4)

3 (4.9)

6 (5.1)

Performs hand hygiene on inner gloves

25 (44.6)

25 (41.0)

50 (42.7)

Doffs eye shield in room

30 (53.6)

42 (68.9)

72 (61.5)

Disposes of eye shield in room

30 (53.6)

43 (70.5)

73 (62.4)

Performs hand hygiene on inner gloves

43 (76.8)

52 (85.2)

95 (81.2)

2 (3.6)

3 (4.9)

5 (4.3)

41 (73.2)

44 (72.1)

85 (72.6)

Disposes of gown and outer gloves in room

Exits room and closes door
Performs hand hygiene on inner gloves
Removes and disposes of mask

4 (7.1)

9 (14.8)

13 (11.1)

Removes and disposes of gloves

20 (35.7)

19 (31.1)

39 (33.3)

Performs hand hygiene
2 (3.6)
1 (1.6)
3 (2.6)
*Two-glove technique for personal protective equipment use with airborne, contact, and droplet precautions. See Online Supplement 1
for definitions of “complete” for each checklist item.

After our educational intervention, the mean participant
score increased 26.9% (95% CI of the difference 24.7-29.1%,
p<0.001) (Figure 3). No participants required more than 20
minutes to achieve mastery.
DISCUSSION
This study demonstrated that a (SBML) intervention
with deliberate practice led to significant improvement in
both faculty and resident physicians’ ability to correctly don
and doff PPE. On pretest assessment, faculty and resident
participants demonstrated frequent errors during donning and
doffing of PPE despite completing comprehensive, institutionmandated online training. Similar to prior studies, errors were
more common during doffing of protective equipment, which
is when providers are at greatest risk of self-contamination.20
Therefore, these results highlight a critical role for SBML to
improve correct PPE use and suggest that the sole utilization
of online modules for PPE use may be inadequate for
workplace safety.
SBML is a highly effective method of teaching
Western Journal of Emergency Medicine

procedures.21 The focus of SBML is the achievement of a fixed
learning outcome; training time varies between participants
to allow adequate opportunities for deliberate practice with
feedback. While completion time varied, no participant in our
study exceeded 20 minutes of training time and all participants
met our predetermined learning outcome on post-intervention
testing. This approach is in contrast to more common
instructional techniques, in which teaching time is fixed and
participant achievement varies. As such, rigorous adherence
to SBML principles as used in this study likely represents the
gold standard for procedural training.13
Previous research demonstrated SBML to be an
effective method of teaching both invasive and noninvasive procedures, including lumbar puncture,9 central
line insertion,11,12 paracentesis,22 and thoracentesis,8,23 among
others.13 Mastery learning also achieves translational outcomes
that result in better patient care (T3) as defined by lower
complications rates during high-risk procedures.11,12,23 The
proper donning and doffing of PPE for aerosolized infection is
similarly high risk and correct completion (fixed achievement)
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MPS
100%

Percent correct

80%

60%

40%

20%

0%
Total pretest score

Donning pretest score

Doffing pretest score

Total postest score

Figure 3. Comparison of pretest and posttest scores across all participants.
MPS, minimum passing score.

of the don/doff sequence is absolutely necessary to minimize
risk to patients and providers.
We designed our mastery learning intervention to simulate
patient care performed in locations without anterooms, which
comprise the majority of hospital and outpatient clinical
spaces. This allows for authenticity in the logistical challenges
present when caring for a high frequency of COVID-19
patients requiring airborne, droplet, and contact precautions.
In addition, double-glove technique mitigates skin contact
with potential surface contaminants while exiting a patient’s
room. Providers may also have improved hand comfort with
the application of alcohol-based gels over inner gloves rather
than skin, given the frequency of required hand sanitization
during donning and doffing of PPE.24 The double-glove
technique is presumed to increase provider safety for a variety
of infectious diseases beyond COVID-19.
Finally, our intervention standardized PPE use among
our physicians by allowing participants the opportunity
to ask nuanced questions and practice repeatedly. This
supportive and psychologically safe training may be
especially important to mitigate provider anxiety in
anticipation of a COVID-19 surge. A shared mental model
also allows observation and direct feedback by facultyresident pairs during donning and doffing of PPE. The ability
to train the majority of our emergency physicians in a oneweek time period suggests that comprehensive physician
training is feasible. Future study is needed to determine the
potential translational impact of our intervention.
Volume 21, no. 5: September 2020

LIMITATIONS
This study had several limitations. First, the checklist
instrument required use of a double-glove rather than
single-glove technique, the latter of which was included
as part of the pre-existing, institution-mandated online
training for PPE use. As a result, providers may have been
less familiar with the double-glove technique on pretest.
Double-glove technique was chosen due to the prevalence
of patient care areas without anterooms at the institution.
This technique was also chosen in an effort to optimize
both comfort and personal protection in light of changing
guidelines during the pandemic. Second, the strict MPS of
the assessment may have decreased the initial pass rate on
pretest. Third, reviewers were unblinded to pretest results,
which may have influenced posttest scores. Fourth, due
to time constraints, participants completed repeat testing
immediately following deliberate practice, which limited
assessment for skill retention. Finally, while previous
studies demonstrated improvements in translational
outcomes following SBML, it is still unclear whether this
intervention will result in an observable change of behavior
during patient care.
CONCLUSION
Mastery learning methodology with deliberate practice
is an effective and feasible educational modality for training
a large number of physicians in the proper use of PPE in
simulated clinical encounters of patients with COVID-19.
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Before our training intervention, very few providers passed
a rigorous assessment of PPE donning and doffing despite
institution-mandated, online PPE training. After undergoing
the SBML intervention, all participants successfully completed
assessment with 100% accuracy. In addition, the double-glove
technique may offer additional provider protection when caring
for a high volume of COVID-19 patients in treatment areas
that lack anterooms. Further study of translational outcomes
resulting from our intervention is needed.
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The unprecedented COVID-19 pandemic has resulted in rapidly evolving best practices for
transmission reduction, diagnosis, and treatment. A regular influx of new information has upended
traditionally static hospital protocols, adding additional stress and potential for error to an already
overextended system. To help equip frontline emergency clinicians with up-to-date protocols
throughout the evolving COVID-19 crisis, our team set out to create a dynamic digital tool that
centralized and standardized resources from a broad range of platforms across our hospital. Using a
design thinking approach, we rapidly built, tested, and deployed a solution using simple, out-of-the-box
web technology that enables clinicians to access the specific information they seek within moments.
This platform has been rapidly adopted throughout the emergency department, with up to 70% of
clinicians using the digital tool on any given shift and 78.6% of users reporting that they “agree” or
“strongly agree” that the platform has affected their management of COVID-19 patients. The tool has
also proven easily adaptable, with multiple protocols being updated nearly 20 times over two months
without issue. This paper describes our development process, challenges, and results to enable
other institutions to replicate this process to ensure consistent, high-quality care for patients as the
COVID-19 pandemic continues its unpredictable course. [West J Emerg Med. 2020;21(5)1095-1101.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at the
time of publication and may evolve as the science develops.
INTRODUCTION
The unprecedented COVID-19 pandemic has resulted
in rapidly evolving best practices for transmission reduction,
diagnosis, and treatment.1 This has challenged emergency
departments (ED) to shift from using relatively static clinical
protocols to an immensely accelerated pace of creating,
updating, and disseminating protocols – with daily or weekly
changes for everything from personal protective equipment
(PPE) to testing guidelines.
Such a challenge is not to be underestimated. Over the
Volume 21, no. 5: September 2020

past two decades, many EDs have developed capacity to create
well-defined protocols and train clinicians to use them, offering
significant advantages in care quality.2-4 However, because
protocols are typically intended to serve as fixed guidelines, they
are rarely updated and require little ongoing access by clinicians
after initial training. This often leads to an array of platforms
housing these hospital- and ED-specific protocols, which was the
case at our hospital, Zuckerberg San Francisco General (ZSFG).
The COVID-19 pandemic upended this stability and left our
hospital, like many others, scrambling to adjust. With up to 30
COVID-positive patients in our hospital on a given day – and
several of those in the intensive care unit on ventilators – rapidly
evolving protocols made it difficult for clinicians to stay up to
date with new guidelines, adding additional stress and potential
for error to an already overextended system.5-7
This instability, hallmarked by daily emails and online
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folders overflowing with lengthy PDFs providing new guidance,
inspired our team to create a solution that could equip frontline
clinicians with accessible, up-to-date clinical protocols
throughout the evolving COVID-19 crisis. Ultimately, we were
able to create a digital support tool that centralized, digitized, and
standardized resources from a broad range of print and digital
platforms across our hospital through using accessible, offthe-shelf technology: zsfgCOVID, which is available online at
https://zsfgCOVID.ucsf.edu. In what follows, we describe how
we rapidly developed and deployed this digital tool, explore its
utilization in our ED, and highlight lessons as well as a step-bystep process for teams endeavoring to develop a similar approach
to maximize patient care during the next phase of the COVID-19
pandemic.
BUILDING A COVID-19 DIGITAL SUPPORT TOOL
We used an accelerated, two-pronged approach toward
building a solution: 1) engaging leadership to ensure high-level
support; and (2) assembling a team to iteratively build, test, and
deploy a solution using the best practices of design thinking.
Engaging Leadership
We first approached ED leadership with our project idea, and
it was received with strong support. We chose to focus on EDspecific protocols first to enable our team to quickly create, test,
and implement the digital support tool in a smaller setting before
expanding hospital-wide.
Assembling a Multi-Disciplinary Team
We assembled a team of three University of California, San
Francisco (UCSF) emergency physicians who work clinically at
ZSFG, as well as four members of a digital product studio at the
UCSF School of Medicine. Many medical centers and health
systems have similar studios; internal information technology
departments can also serve as a partner group.
The physicians provided the clinical perspective necessary
to organize the flow of the digital support tool, while the digital
product team managed the project and created the web platform.
While we had a heavily resourced team, the final platform
required fewer resources than we used and could easily be
replicated by less resourced teams, as illustrated in Table 1.
Using Design Thinking to Rapidly Develop a Solution
During our initial virtual meetings, which occurred 2-3 times
per week, we used a human-centered design thinking approach
to further define our problem and ideate potential solutions.8
After determining that a streamlined, responsive, web-based
solution would likely work best, we set out to create and test a
prototype. First, our team worked to build a multilevel decision
tree to organize our hospital’s COVID-related protocols in a way
that could eventually be translated into a digital tool (Figure 1).
Upon completing the first draft of the decision tree, our
team split the project to work in parallel: the physicians worked
to build specific endpoints for each protocol outcome, while the
Western Journal of Emergency Medicine

digital product team began to build the digital support tool. Ten
days later, we had a prototype ready for testing (Figure 2).
User Testing and Adjustments
Following five days of user testing with a group of eight
resident and four attending emergency physicians, brief
interviews were conducted for the purpose of rapidly collecting
user feedback. The interviews, conducted by one of the authors
over a five-day period, followed a semi-structured protocol;
themes were recorded in memos by the lead interviewer
immediately following the interviews. These interviews
revealed two important insights: 1) the complex, multistep logic
led to an unacceptable number of “clicks” to reach an endpoint;
and 2) most users preferred broad overviews of protocols, rather
than being directed to fine-tuned endpoints. From a platform
maintenance perspective, the digital product team expressed
concern that the multistep logic on the backend of the tool
required extensive rebuilds each time the protocols changed.
With some protocols changing as many as 10 times in two
weeks, these technical challenges and user feedback led us back
to design thinking to reframe the problem.
A virtual brainstorming meeting the following day led us
to a solution: simplify the decision-support tool by creating
broad, intuitive flowcharts for the hospital protocols rather
than specific informational endpoints. This approach would
reduce the number of “clicks” required to reach an endpoint,
allow users to see broad overviews of protocols, and minimize
platform rebuilds as protocols changed. Rather than lead to
specific informational endpoints – such as which PPE to wear
when intubating a high-risk COVID-19 patient – these new
flowchart-style endpoints provide single-page overviews, such
as which PPE to wear in multiple clinical scenarios (Figure 3).
After constructing each protocol flowchart in
PowerPoint, our team uploaded the flowchart endpoints to
the web platform (Figure 4).

Table 1. Example team roles, time commitments, and costs to
develop a digital tool for patient care.
Title

Role Description

Total
Hours

Estimated
Cost

Project
Manager

Oversee project timeline,
coordinate meetings, monitor
progress, supervise budget,
manage platform revisions.

25-35

$40-50/
hour

Platform
Developer

Build web-based platform,
assist with protocol format/
design, maintain platform as
needed.

30-40

$75-100/
hour

Clinician

Consolidate COVID-19
protocols, organize protocol
flow, standardize protocol
format, update protocols as
needed.

30-40

$100-200/
hour
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Figure 1. The decision tree structure to organize COVID-19 protocols.
COVID, coronavirus 19; PPE, personal protective equipment; Adult EM, adult emergency medicine; AMA, against medical advice.

Following these changes to the digital support tool, we
approached the same 12 resident and attending emergency
physicians for a second round of user testing, which revealed
a dramatic improvement in perceived usability. Our team
decided to move forward with an ED-wide launch on April
7, 2020; this was 26 days after initial project brainstorming
began. The tool, zsfgCOVID, is named after our hospital and
publicly accessible at https://zsfgCOVID.ucsf.edu.
PRODUCT ADOPTION AND UTILIZATION
After usng a broad range of tactics to advertise the digital
tool – including product demonstrations during department
meetings, link-access within the electronic health record
(EHR) system, flyers, and targeted email notifications– initial
website usage data and user reviews indicate substantial
uptake. Throughout the initial six weeks from launch,
zsfgCOVID experienced 8-20 unique daily users for the 28
emergency clinicians working each day, or approximately 2970% of daily clinicians.
Our team also conducted an institutional review boardexempt survey among emergency physicians to assess
perceptions of the platform. The survey was created by
adapting previously developed and validated survey measures
Volume 21, no. 5: September 2020

where possible, particularly for more subjective measures
such as perceived usefulness.9 After cognitive testing with two
residents and one attending physician over a two-day period,
which resulted in minimal updates to the survey measures for
clarity in language, the online Qualtrics (Provo, UT) survey
was emailed to 90 resident and attending physicians who
work clinically in the ZSFG ED (Appendix A). The survey,
accessible for one week with two email reminders, garnered a
total of 28 responses for a response rate of 31.1%.
Of the physicians surveyed, 57.4% reported lacking
confidence in accessing up-to-date COVID workflows and
policies prior to implementation of the digital tool; 100%
responded “agree” (32.1%) or “strongly agree” (67.9%)
that the digital tool has made it easier to access up-to-date
COVID-related protocols, and 100% “agree” (50.0%) or
“strongly agree” (50.0%) that the platform was useful in
their job. In addition, 78.6% responded “agree” (35.7%) or
“strongly agree” (42.9%) that the platform has affected their
management of patients with COVID-19 infections. For
example, one clinician commented that the platform “really
helped with my ability to safely discharge a homeless patient
to an isolation shelter.” Other users have noted that the
platform has “helped me determine who I should be testing
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PAPR

Figure 2. Version 1 of the digital tool. Obtaining information on which personal protective equipment to wear while intubating a patient
at high risk for COVID-19 required a total of four “clicks” to reach an endpoint.
COVID-19, coronavirus 19; EM, Emergency Medicine, PPE, personal protective equipment; PAPR, powered air purified respirator; Neb,
nebulizer; NIPPV, non-invasive positive pressure ventilation; Tx, treatment.

Figure 3. Current version of the digital tool. Obtaining information on which personal protective equipment to wear requires a total of
two “clicks” to reach an endpoint.
COVID-19, coronavirus 19; EM, Emergency Medicine; PPE, personal protective equipment; AMA, against medical advice; PUI, patient under
investigation.
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Figure 4. The PPE protocol flowchart in the current version of the digital tool. All aspects of the PPE protocol are displayed in a single page.
PPE, personal protective equipment; COVID, coronavirus 19; PUI, patient under investigation.

for COVID-19, and which type of test I should order,” as well
as “kept me up-to-date on which PPE I should be wearing in
different clinical scenarios.”
Clinicians reported using the digital tool often, with
85.7% using the platform at least once per week. The
platform has a net promoter score of 71%, which falls
in the “Excellent” category. User feedback indicates
that, in the future, clinicians would like to see additional
functionality added to the digital tool, such as a way to link
protocols to current scientific evidence. Our team plans
to work to incorporate this feedback as the COVID-19
pandemic evolves.
LESSONS LEARNED
Our team learned several lessons throughout the
development and deployment process, which may aid other
institutions as they work to develop similar digital support
tools. These lessons include the following:
• Engaging appropriate stakeholders during a hectic
time. Our team first reached out to ED leadership
with whom we had relationships. These ED leaders
became key, invested stakeholders who were able
to connect us with other hospital leaders to broaden
support for the digital support tool.
• Developing a user-friendly, clinician-focused
platform. Initial user testing demonstrated that the
first version of the digital support tool required too
Volume 21, no. 5: September 2020
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many “clicks” to reach an endpoint. The development
of a simpler, more user-friendly final product
occurred through multiple iterations based on user
feedback from targeted interviews.
Using a straightforward web content management
platform. Our team initially built a heavily logicbased web platform foundation in the Qualtrics
survey system.10 However, this approach quickly
became unsustainable due to the extensive rebuilds
required each time a protocol changed. Ultimately,
our team found that a common web content
management platform, such as Drupal (Antwerp,
Belgium) was easier to use and maintain.11
Ensuring accurate, daily updates to changing
protocols. To ensure all protocols are up to date, we
rely heavily on the physicians on our team. Through
close communication with hospital leadership, the
physicians make updates to the protocol flowcharts
as recommendations evolve. Both the physicians
and digital product studio members have been
trained in uploading the updated protocol flowcharts
to the web platform; this flattened organizational
structure has enabled rapid turnarounds each time
recommendations change.
Earning clinician trust for a new digital tool. Topdown support was key for earning clinicians’ trust and
encouraging them to use the platform. Maintaining
Western Journal of Emergency Medicine
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close relationships with hospital leadership and ensuring
accurate information on the digital support tool is vital.
Spreading the word in an information-saturated
landscape. Our team quickly realized that purely
email dissemination of the digital support tool
would likely lead to underutilization or failure. By
thinking beyond traditional information dissemination
tactics, we were able to give live demonstrations of
the platform at several department-wide meetings,
integrate a link to the tool in our EHR system,
and post flyers throughout our ED. These tactics,
combined with targeted email reminders to clinicians
working on a given week, have led to high utilization.

Application to Other Institutions
As the COVID-19 pandemic continues its unpredictable
course over the coming months to years, a centralized
information source that equips clinicians with up-to-date
information for the care of COVID-19 patients can help
improve patient care. We believe that our approach to building a
centralized, digitized, and standardized resource platform through
using off-the-shelf technology is applicable across academic
and community settings. We recommend the following steps for
institutions interested in building a similar digital support tool:
1. Talk with frontline clinicians to determine whether
similar challenges with protocol management are
present at your hospital.
2. Identify and engage motivated team members, including
at least one clinician and one member versed in basic
website design.
3. Start small. Consider beginning with a single unit
or service, rather than attempting hospital-wide
implementation from the start.
4. Engage leadership at the unit or service level first,
and augment to hospital-level leadership with unit
leadership’s support. Leadership buy-in is key for longterm success.
5. Consolidate the existing COVID-related protocols at
your hospital, and develop a decision tree to outline
where each protocol should be housed on the web
platform.  
6. Standardize the protocols into easy-to-use flowcharts.
Our team used PowerPoint for this process.
7. Build a web-based platform to house the protocols.
The organization of the platform will be based on the
decision tree you develop. Our team used Drupal for
this step.11
8. Launch the initial version of your digital tool quickly,
and test with a small group of clinicians. Briefly
interview these clinicians after they use the tool to gain
insight into areas for improvement.
9. Adjust the digital tool as needed based on user feedback.
10. Launch the digital tool for a broader audience, in
coordination with hospital leadership to ensure support.
Western Journal of Emergency Medicine
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LIMITATIONS
While our team was able to rapidly develop a novel digital
support tool to aid our hospital’s response to the COVID-19
pandemic, our user testing and surveying processes exhibit
several limitations. First, our initial semi-structured interviews
were targeted to updating the digital tool rather than more deeply
exploring how respondents felt about and experienced the
platform. Second, with a relatively low survey-response rate, our
survey results may be subject to nonresponse bias as clinicians
who have not used or do not like the platform may have been
less likely to respond to the survey. Finally, although most survey
respondents reported that the platform affected their management
of patients with COVID-19 infections, our team did not assess
outcome measures such as differences in PPE use or disposition
times for clinicians who use the platform. Future research can
explore the more complex relationships between these evolving
digital tools and clinicians’ experience of – and effects on –
patient care.
CONCLUSION
The COVID-19 pandemic will continue to affect patients
and hospital systems for the foreseeable future, and it is important
for clinicians to have easy access to up-to-date hospital protocols
to provide exceptional patient care. Our team’s experience has
shown that simple, out-of-the-box web technology can serve
as a conduit to transform typically static hospital protocols into
rapidly-evolving guidelines that clinicians can access within
moments. We are hopeful that, through developing similar digital
support tools, other institutions are able to provide similar support
to frontline clinicians throughout the COVID-19 era.
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The isolation that comes from social distancing during the COVID-19 pandemic can be particularly
detrimental to the United States’ population of people who use drugs. People with substance use
disorders may be at risk for return to use, exacerbation of existing mental health disorders, and risky
drug practices. In this commentary, we review the risk to people who use drugs and how emergency
department providers can best support these individuals during the unprecedented time of social
distancing. [West J Emerg Med. 2020;21(5)1102-1104.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
On January 20, 2020, the first confirmed case of
coronavirus disease 2019 (COVID-19), caused by the SARSCoV-2 virus, was reported in the United States (US). As of
April 16, 2020, the US death toll was at 29,998, exceeding
that of any other country in the world.1 While the research
community is working tirelessly to determine the most
efficacious treatments for COVID-19, public health officials
announced aggressive recommendations in hopes of slowing
human-to-human spread. On March 19, 2020, California
became the first state to mandate shelter in place, and New
York was quick to follow. By April 7, 2020, 42 states, along
with a number of cities and counties, had urged residents to
stay in their homes except for essential trips and services.
Whether under a shelter in place, safer at home, or stay home
order, the concept of social distancing is strongly encouraged,
defined by the US Centers for Disease Control and Prevention
(CDC) as “keeping space between yourself and other people.”2
Social distancing is essential for community health but may
be uniquely challenging for people who use drugs (PWUD) to
comply with, and may put them at risk for drug-related harms.
Western Journal of Emergency Medicine

Risks to People Who Use Drugs
Approximately one third of PWUD seeking treatment for
substance use disorders are unhoused or live in congregate
settings including residential treatment facilities, shelters, and
single-room occupancy hotels.3 In these settings, following
the CDC guidance on social distancing may be difficult
or impossible. This issue has led to COVID-19 clusters in
some homeless shelters and has led several communities to
seek alternative housing in hotels for people experiencing
homelessness.4,5
Those PWUD who have the ability to practice social
distancing may face an increased risk of drug-related
harms. Coping with isolation and health threats may lead
to increased stress and anxiety in a vulnerable population
already stricken with trauma and mental health issues. Social
isolation can act as a trigger and is strongly correlative
with mood and substance use disorders.6 These factors
can exacerbate existing substance use as patients self-treat
psychiatric symptoms or lead people with a history of
substance use disorder to return to use.
For those who are actively using drugs, practicing
harm reduction can be difficult in the setting of COVID-19.
Traditional guidance is for PWUD to use with another person
so that if they overdose, 911 can be called and naloxone can
be used, but by following social distancing PWUD are unable
to do this. As borders close and supply chains are disrupted,
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PWUD may seek out drugs from places other than their usual,
trusted sources and thereby be at greater risk of exposure
to an adulterated or contaminated supply. In addition, many
needle and syringe exchange programs changed their models
in response to the COVID-19 pandemic, either closing down
completely or being unable to provide their typical services
and programs (eg, referral to treatment programs, harm
reduction education, naloxone distribution and education, etc).
Such changes place PWUD at greater risk for unsafe practices
and increased risk of communicable infectious diseases, skin
and soft tissue infections, and drug overdose and death.
Furthermore, maintaining access to treatment and
recovery services during a time of social distancing mandates
is difficult. Throughout the country, support groups have
been cancelled, treatment programs are limiting new patients,
and inpatient treatment centers have limited visits.6-8 Opioid
treatment programs, in which most patients rely on daily
dispensing of medications to treat opioid use disorder, may
have reduced access as well. Such changes make it harder for
patients to newly access treatment and present challenges for
those who are already in treatment. Without ease of access to
places of recovery and medication-assisted treatment, patients
are at risk of serious medical and psychological complications.
Fortunately, the federal government has recently made
several changes to increase access to life-saving addiction
treatment. The Centers of Medicare & Medicaid Services has
loosened regulations and is compensating for telemedicine
services, the Drug Enforcement Agency now supports
telephone and audiovisual buprenorphine prescribing, and the
Office of Civil Rights at the Department of Health and Human
Services approved usage of popular apps to provide telehealth
without risk of penalties for noncompliance with HIPAA.9-11
In addition, opioid treatment programs are providing longer
durations of take-home doses of medications for treatment of
opioid use disorder.12
Emergency Department Support for People Who Use Drugs
It is likely that emergency departments (ED) across the
US will see an increase in the number of PWUD experiencing
withdrawal, experiencing overdose, or seeking treatment
for their substance use disorder. Preliminary data from the
ED at San Francisco’s only public hospital revealed a near
twofold increase in the number of patients presenting with
the chief complaint of “drug overdose” in March 2020 (67
patients/month; 1.2% of all ED encounters) when compared to
averaged data from the prior six months (38 patients/month;
0.6% of all ED encounters). In addition, more than 35 states
have reported increases in cases of opioid-related overdose
and mortality.13 Therefore, in this unprecedented time of social
distancing, emergency providers are placed in an additional
frontline role of delivering patient-centered care for a highly
at-risk population of PWUD.
Emergency clinicians should provide compassionate,
evidence-based care to PWUD. Establishing rapport
Volume 21, no. 5: September 2020

and motivational interviewing can be difficult in a time
of enhanced precautions and extra personal protective
equipment. However, continuing to take the time to speak in a
non-stigmatizing way is vital in the therapeutic process and is
the start to effective treatment for PWUD.14
In recent years, the practice of ED initiation of
buprenorphine has rapidly become the standard of care.15 We
encourage emergency clinicians to offer buprenorphine to any
patients presenting with opioid use disorder.16 DATA 2000
waivers are not required to administer buprenorphine in the
ED. First doses of buprenorphine can be rapidly administered
in the ED, and patients should be linked to ongoing treatment.
In addition, while it is not the usual practice of the emergency
clinician to provide long-term medication prescriptions,
in this unique time we encourage providers with DATA
2000 waivers to offer longer durations of buprenorphine
prescriptions (up to 28 days) to appropriate patients. During
the COVID-19 pandemic, it is more essential than ever that
emergency clinicians provide this service and while doing
so, receive institutional support that is much needed to
overcome barriers to buprenorphine administration. Individual
institutions and departmental leadership can best support
their clinicians by providing adequate training and resources
regarding buprenorphine use, as well as assisting providers in
coordination of outpatient linkage to care.17
On March 19, 2020, the Substance Abuse and Mental
Health Services Administration provided additional guidance
for managing the treatment of alcohol or benzodiazepine
withdrawal in acute settings.18 Providing buprenorphine
to treat patients with opioid use disorder and medication
treatment for alcohol withdrawal is particularly essential for
those patients who are diagnosed with COVID and entering
quarantine. Adequately treated withdrawal and compassionate
care will support them in staying for the duration of their
quarantine period.
As much as possible, emergency care providers must
continue to offer harm reduction strategies to PWUD.
Strategies of harm reduction include supporting drug
use hygiene (eg, giving education on safe consumption,
distributing pipes or syringes), providing overdose prevention
supplies (eg, take-home or prescriptions of naloxone,
fentanyl test strips), and encouraging patients to not use drugs
in isolation (eg, video-chatting with a buddy, contacting
support at www.neverusealone.com). Involving an ED social
worker or substance use navigator who is familiar with
local outpatient resources and/or changes to the outpatient
landscape during this time can help facilitate linkage to care.
Finally, continuing to address other social determinants
of health (eg, housing insecurity, psychiatric illnesses) is
paramount to providing safe discharge to the community.
CONCLUSION
The isolation that comes from social distancing during the
COVID-19 pandemic can be particularly detrimental to the
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population of people who use drugs. People with substance
use disorders may be at risk for return to use, exacerbation
of existing mental health disorders, and risky drug practices.
In this time, emergency care providers have a vital role in
supporting this vulnerable population of people who use drugs
by establishing rapport, encouraging best practices in harm
reduction, providing medication treatment, and connecting
patients to outpatient resources.
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The coronavirus disease (COVID-19) pandemic has had a significant impact on undergraduate medical
education with limitation of patient care activities and disruption to medical licensing examinations. In an
effort to promote both safety and equity, the emergency medicine (EM) community has recommended
no away rotations for EM applicants and entirely virtual interviews during this year’s residency application
cycle. These changes affect the components of the EM residency application most highly regarded
by program directors – Standardized Letters of Evaluation from EM rotations, board scores, and
interactions during the interview. The Council of Residency Directors in Emergency Medicine Application
Process Improvement Committee suggests solutions not only for the upcoming year but also to
address longstanding difficulties within the process, encouraging residency programs to leverage these
challenges as an opportunity for disruptive innovation. [West J Emerg Med. 2020;21(5)1105-1113.]

INTRODUCTION
The coronavirus pandemic has substantially disrupted
undergraduate medical education. While creative solutions
have been implemented for classroom-based activities,
Volume 21, no. 5: September 2020

suspension of patient contact1 causes a disproportionate
impact on students in clinical rotations. Rotational experiences
are critical to the development of learners into independent
practitioners and comprise an important component of the
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residency selection process.2 Emergency medicine (EM) is
particularly vulnerable to the impact of the altered clinical
learning environment as emergency departments (ED)
are dealing with large volumes of coronavirus disease
(COVID-19) patients and often low volumes of non-COVID
patients.3 Further, EM courses are frequently only available to
senior medical students, limiting students’ opportunities for
exposure to the specialty.4
Given these constraints, residency programs will need to
adjust their expectations for residency application materials,
including numbers and types of recommendation letters,
clinical experiences, and United States Medical Licensing
Examination (USMLE) scores. Considering forecasts for a
second surge of coronavirus in the fall or winter, paired with
ongoing or reinstituted travel restrictions, the Coalition for
Physician Accountability (Coalition) has recommended that
all residency programs commit to virtual interviews for the
entire upcoming application cycle, and the EM community
has released a statement supporting this recommendation.5,6
While challenging, these changes do, however, provide an
opportunity to explore alternative models for recruiting
the next generation of emergency physicians while
simultaneously identifying creative solutions to longstanding
difficulties such as volume of applications and cost. We
encourage programs to respond to the challenges presented
by COVID-19 not just reactively, but with an eye toward
transformative change of the application and interview
process. We offer here suggestions on the application and
interview process, many of which could be carried forward
into future application cycles.
APPLICATION REVIEW
EM Rotations and Letters of Recommendation
Challenges
EM program directors (PD) cite the Standardized Letter
of Evaluation (SLOE) as the most important component of
the residency application when making interview invitation
decisions.2,7-9 Many residency programs expect two SLOEs
prior to making interview offers.10 Academic group SLOEs
from residency programs carry the most weight,8,9 placing a
greater burden on applicants from schools without a home EM
residency (“orphan” students). Recognizing that evaluations
from EM subspecialty rotations or EM faculty not affiliated
with a residency program also have merit, the Council of
Residency Directors in EM (CORD) has developed modified
SLOEs (https://www.cordem.org/resources/residencymanagement/sloe/), which carry less weight.9 EM residency
programs place lowest value on letters of recommendation
from non-EM faculty.9
With clinical rotations suspended nationally, formerly
predictable clerkship curricula are in flux, potentially
delaying fourth-year rotations, including EM. Even those
who are able to resume regularly scheduled fourth-year
rotations are discouraged from performing away rotations to
Western Journal of Emergency Medicine
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promote equity between applicants;5,6 therefore, the majority
of applicants will only have one traditional SLOE in their
residency application. At an even greater disadvantage are
“orphan” applicants, who may have difficulty obtaining
even a single EM rotation. Applicant groups that are
disproportionately affected by “orphan” status are osteopathic
and international medical graduate (IMG) applicants.
Restricted access to fourth-year EM rotations may also impact
the number of applicants to EM, as up to 36% of surveyed
US medical student applicants to EM didn’t decide until their
fourth-year of medical school.11 On the other hand, some
students in a similar position may still attempt to pursue a
career in EM only to develop specialty regret and potentially
leave an unfilled position in a residency program.
Suggested Solutions
Decreased rotation availability and fewer EM residencyauthored SLOEs will require rethinking the current hierarchy
of letters and giving more value not only to non-traditional
SLOEs, but also to letters authored by non-EM faculty.
To increase efficacy and make the task easier for non-EM
letter writers, CORD has assembled a committee to develop
a template for writers, highlighting the attributes EM PDs
specifically look for in a letter and in an applicant. This
template, termed the “O-SLOE” for “off-service” or “other
rotation,” is now available on CORD’s SLOE webpage
(https://www.cordem.org/resources/residency-management/
sloe/). This can be distributed to medical school deans and
clerkship director organizations. Continued use of this
template beyond this extraordinary academic year could
increase the utility and rigor of non-EM evaluations in future
application cycles. This same committee has updated the EMfaculty SLOE to allow writers to detail how COVID-19 has
affected their student rotations (“on the reCORD,” CORD
listserv communication, June 23, 2020).
The Coalition and EM community recommend that
away rotations be discouraged for the 2020-2021 academic
year with the exception of “learners who have a specialty
interest and do not have access to a clinical experience
with a residency program in that specialty in their school’s
system,” and “learners for whom an away rotation is required
for graduation or accreditation requirements.”5,6 Given there
are over 80 identified schools without an established EM
residency program and there is a possibility of students
being limited from performing an EM rotation at their own
institution due to high volume of COVID-19 patients (Susana
Tsao, DO, CORD listserv communication, May 4, 2020),
we support these exceptions to the “no aways” policy. We
also support the recommendation for institutions that are still
hosting rotators to preferentially accept students who are
unable to obtain a SLOE from their home institution.12,13 A live
document of schools without a home EM residency program
can be found here (https://bit.ly/37UKYEp).
Proactive efforts should be made to increase EM
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rotation availability for EM-bound students. Potential
strategies include shortening the length of the rotation (eg,
from four weeks to three weeks) or reducing the number
of shifts required per rotator, allowing more rotators per
block. The timeframe for completion of EM rotations
could be expanded beyond the traditional summer months,
particularly considering the recently updated Electronic
Residency Application Service (ERAS) application timeline
with residency programs not being able to view residency
applications until October 21, 2020.14
Even with utilization of these strategies, some EM-bound
applicants may still not have a SLOE in time for file review. In
such cases, we support the recommendation that an EM advisor
write a letter of recommendation specifically incorporating the
key elements of the SLOE.13 It should explicitly state that the
applicant was unable to obtain a SLOE in time for file review
secondary to COVID-19 and vouch for the applicant’s desire to
pursue a career in EM, their career decision process, and potential
for success. Additional insight into an applicant’s prior EM
experiences beyond what can be gleaned from their curriculum
vitae could also be helpful.
Board Scores
Challenges
After SLOEs, the USMLE Step 1 and Step 2 Clinical
Knowledge (CK) exams are the next biggest factors of
importance in selecting applicants for interviews.2 In the 2018
National Resident Matching Program PD survey, 48% of PDs
required USMLE Step 2 CK and 31% used a target score for
Step 2 CK when considering applicants for interviews.
Most Prometric Testing centers, which administer the
USMLE Step 1 and 2 CK, were closed until June 1, 2020, and
are still not running at full capacity based on governmental
ordinances and advice from the Centers for Disease Control
and Prevention and the World Health Organization.15 Gradual
and incomplete opening, paired with the backlog of individuals
competing for standardized testing, has lead to delays in
testing and will likely result in later release of scores for many
applicants. Likewise, USMLE Step 2 Clinical Skills (CS)
testing has been suspended for 12-18 months.16 IMG applicants
may be disproportionately affected by the inability to complete
Step 2 CS, previously a requirement for certification by the
Educational Commission for Foreign Medical Graduates
(ECFMG).17 PDs may not have the full complement of USMLE
scores available to them that they have traditionally relied upon
for applicant screening and rank list submission. Additionally,
it is unknown how these delays will affect applicants’ ability to
obtain USMLE scores in time for medical school graduation.
Suggested Solutions
There are potential solutions to compensate for the
testing bottleneck. Six US medical schools have opened
regional testing centers to allow for additional testing options
outside of Prometric and the USMLE is working with eligible
Volume 21, no. 5: September 2020

medical schools across the US to host one-day testing events
to administer Step 1 and Step 2 CK in the near future.18.
The ECFMG has created five new pathways to meet the
requirements for ECFMG certification for those IMG applicants
who have yet to complete Step 2 CS for the 2021 match
cycle.17 We encourage programs to consider these pathways
as a substitute for the Step 2 CS examination. Programs that
previously required Step 2 CK or CS for interview or ranking
should consider temporarily revising their approach and
policies. Institutional expectations or state-level requirements
for licensure should be clearly articulated and communicated to
allow applicants to make educated application decisions.
However, we encourage residency programs to use this
opportunity to take a new approach to the USMLE. Quantitative
metrics such as USMLE Step 1 and 2 CK are commonly used to
stratify and filter students. While scores do have some correlation
with the likelihood of passing the American Board of Emergency
Medicine qualifying exam,19 these scores do not correlate with
clinical proficiency or success in EM residency.20 Reducing
the influence of USMLE scores when screening applicants
has long been discussed among EM educators, with a goal to
transition toward more holistic application review. The transition
of USMLE Step 1 to a pass/fail score within the next few
years,21 combined with the testing disruptions of the COVID-19
pandemic, present an opportunity for more rapid change.
Holistic application review involves programs performing
honest self-assessment and appraisal of residency graduates to
determine which character traits and attitudes are valued and
associated with success in their program and then seeking out
applicants with those qualities.22 Combining holistic application
review with an understanding of a program’s own strengths and
challenges in resident development can help programs identify
and recruit applicants who are more likely to match successfully
with them and succeed in training.
Medical Student Performance Evaluation (MSPE)
Challenges
The MSPE is traditionally released at the beginning of
October, marking the unofficial start of interview offers to
applicants. Programs often wait for the MSPE before sending
interview invitations, as it may describe professionalism
or academic concerns that do not appear elsewhere in the
application. With fewer SLOEs to review, and varying clinical
experiences between students, the MSPE may take on additional
importance this year. As a result of cancelled clinical rotations,
some applicants may not have completed the core clerkships that
traditionally contribute significantly to the MSPE.
Suggested Solutions
ERAS has amended the residency application
timeline to allow for MSPE release on October 21, the
same day that residency programs will be able to begin
reviewing applications.14 Delaying these components of
the application cycle will effectively push back the start
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of interview season and might relax the time pressure on
students, schools, and programs.
Advising students to complete most, if not all, core
clerkships before the release of the MSPE will offer applicants
a better chance at receiving interview offers than if some core
experiences are incomplete and updated at a later time. If not
possible, a mechanism to allow regular updates to the MSPE
may be useful.
COVID-19 has not affected geographic regions equally.
Programs will look to the MSPE to delineate the pandemic’s
effect on the learning environment. We suggest adding
a standardized “pandemic response” section to MSPEs.
Schools should describe how they adapted, including what
dates students were excluded from clinical experiences,
what clerkship experiences may have been virtual, and any
policies that prohibited students from seeking away rotations.
Additionally, any action by students who went above and
beyond to help during this time of crisis could be very useful
information to EM PDs. If all schools use the MSPE to outline
a school’s pandemic response, readers will be able to place
a student’s record into context and identify outliers within a
single school or between schools.
Numbers of Applicants/Applications
Challenges
Cancellation of EM away rotations and delays in
senior electives while students complete core clerkships
may decrease the total number of EM applicants, due to
decreased exposure to EM and uncertainty about the specialty.
Simultaneously, the number of applications per applicant may
increase due to perceived deficiencies (eg, lack of SLOEs and/
or USMLE scores, atypical MSPE) and the inability to hone
residency and geographic preferences via audition rotations.
Suggested Solutions
While we cannot control students’ reactions to the
uncertainty of this application cycle, the EM community can
make efforts to mitigate other anxiety-provoking elements
of the application process, foremost a lack of transparency.
Clear communication will be critical, including informing
students when they can expect to hear about interview offers,
a program’s preferred method of contact for questions or
updates, and clear expectations for wait-list status.
Programs might consider allowing students to submit
an optional statement of purpose or intent, in which
students have the opportunity to communicate a particular
interest in a given program or region. Allowing students
to communicate what they perceive to be their “fit” with a
program can help application reviewers identify students
who are likely to be high-yield candidates and successful
matches. This was instituted by the otolaryngology
community as a requirement in the 2015-16 application
cycle as a program-specific paragraph added to the end of
an applicant’s personal statement. While this measure was
Western Journal of Emergency Medicine
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found to be effective in decreasing the overall number of
applications per applicant, it is also thought to have made
otolaryngology appear less welcoming to medical students
as there was an overall decline in the number of medical
students applying to otolaryngology after this initiative. As a
result, the Otolaryngology Program Directors Organization
has now made the program-specific paragraph optional.23,24
Programs that wish to institute a program-specific paragraph
as part of their application process are asked to publish
these requests on ERAS when registering in ERAS Account
Maintenance. This information will then be displayed to
applicants as they research programs (Elise Lovell, MD, on
behalf of Amy Mathis, Senior Director of ERAS, CORD
listserv communication, May 11, 2020).
One low-cost, low-effort method for students and PDs
that may allow PDs to identify high-yield candidates amidst
increasing application numbers is the institution of preference
signaling, or a “star” system, which gives students a limited
number of “stars” to allocate to their most desired programs.
This method is used in other professions and has been
proposed for use in orthopedics and otolaryngology.25-28 A
computer-simulated model using otolaryngology match data
found that applicants voluntarily adding preference data to
their application enhanced the practical number of interview
invitations for all applicants and could potentially allow more
holistic file review of high-yield candidates to their program.28
However, implementation would require the collaboration
with the Association of American Medical Colleges (AAMC)
and development of technology that may be challenging to
institute in time for this year’s residency application cycle.
INTERVIEWS
Challenges
The interview and surrounding interactions are routinely
cited by PDs as a major factor in ranking decisions.2 The
Coalition recommends that all residency programs commit
to virtual interviews for the upcoming application cycle.5
Opportunities for social events and “second looks” may also
be curtailed. These interactions play key roles in assessing
goodness of fit, both from the applicant’s and the program’s
perspective, and are cited as particularly important for ranking
decisions by under-represented minorities in medicine.29
Suggested Solutions
Video Interviewing
CORD supports replacing traditional in-person interviews
with video interviews to try to maintain an equitable
interview process for applicants and programs through this
entire residency application cycle.6 Several programs have
successfully demonstrated high satisfaction rates with video
interviews, highlighting the advantages of reducing time and
cost burdens for both the applicant and programs.30-34 Video
interviews have the potential to level the playing field for
applicants of low socioeconomic status who may not have the
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financial ability to travel for interviews.30,31. Reduced absences
from clinical rotations would further enhance education in the
fourth year of medical school.34
Despite some of the intrinsic appeal of video
interviews,30,31 there are limitations compared to traditional onsite visits. Applicants face challenges accurately representing
who they are as people, or in providing comfort in ranking a
residency program,30,32 as many subtle indicators occur outside
the actual interview discussion. Other perceived disadvantages
are the inability to learn about a city or program and difficulty
interacting with current residents and faculty.31 One study
showed that neither applicants nor interviewers were
comfortable making video interviewing the only means of
interviewing,32 although another showed that some applicants
prefer an initial video interview with the ability to later visit a
program.31 This may be an option for some programs if travel
restrictions and social distancing are in effect in the fall but
later lifted prior to rank list submission.
For recommendations on the mechanics of conducting
virtual interviews, consider reviewing the tips for PDs and
interviewers published by the AAMC and the Compendium of
Resources published by the Coalition.35-37
Highlighting the Program Beyond the Interview
We must prepare for no in-person visits to residency
programs. While this may offer challenges in showcasing a
residency program, this is not insurmountable.
Residencies may find it beneficial to leverage existing
experiences taking place at their institutions, rather than
creating entirely new content for applicant consumption. For
example, video of residents interacting with faculty during a
small group session may provide invaluable information to
applicants about didactic quality, how faculty and residents
interact, and resident camaraderie.
If not already available, programs should consider
creation of expanded content (written, photographic,
video) that highlights their program’s goals, strengths, and
educational philosophy as well as what they are looking for
in an applicant. New content will likely need to be created
to replace the tour of the ED, resident spaces, the hospital
and the surrounding geographic region. While this runs the
risk of advantaging programs with the time and resources to
produce professional-appearing content, these costs likely pale
in comparison to that of running full interview days, and the
potential advantages to program and applicants in terms of
increased information to make their residency decisions may
outweigh these risks.
Wide distribution of content will be key. An institution
residency webpage, an external website, and social media
accounts, if allowed by the institution, will likely be the best
options for highlighting this material. Video content could
also be uploaded onto YouTube or Vimeo. Given the high
utilization of the Emergency Medicine Residents’ Association
(EMRA) Match website by medical students, programs should
Volume 21, no. 5: September 2020

ensure that their webpages and social media sites are updated
on their EMRA Match profile.
Helping Applicants get a “Feel” for a Program and Assess
for Fit
Programs could consider hosting mini virtual-EM
rotations with the ability for students to “attend” a short
series of video didactic conferences at outside sites.
This could be particularly beneficial for programs that
traditionally depend on their EM rotation experience as
a recruitment tool for outside rotators. Benefits to the
student include the abilities to get a glimpse of a program’s
teaching styles, facilitate interaction with faculty and
residents at other EM programs beyond a single interview
day, and make up for lost educational opportunities due
to the reduction of the typical number of EM rotations.
Virtual rotations could be particularly beneficial for IMG
applicants who will likely have difficulty obtaining even
one EM rotation due to travel restrictions. We encourage
institutions hosting virtual EM rotations to strongly
consider accepting IMG students into their rotation to help
balance this inequity. To ensure a good ratio of faculty to
learners, students should only be able to participate in a
small number of these, equivalent to the number of away
rotations typically performed. Students’ selections of which
of these experiences to participate in could give programs
insight into what type of program (or where) the student is
ideally looking to match.
For students who are invited to interview with a program,
an invitation could be extended to “attend” conferences
by sharing a virtual forum link. Asking selected faculty
or residents to remain online with the students after the
conference could be another way for applicants and faculty/
residents to get to know each other.
Programs could “host” online pre-interview socials or
lunch-time “hangouts” with residents, with the ability to break
up into smaller rooms or even one-on-one conversations.
Programs could also consider hosting a “hangout” in the
spring or summer to generate interest in their program, and
record/post it for interested applicants to review. A topic for
consideration during these “hangouts” is the kind of resident
that really shines in their program, and what kind of applicant
might have struggles or find the environment less palatable.
This might help attract best-fit applicants.
Programs could also consider using a tool that allows
interviewees to guide their interview in a way that is
meaningful for them and allows a more accurate impression
of themselves compared with a traditional interview, as used
by one otolaryngology residency program.38 The tablet-based
interactive Candidate Assessment Tool allows residency
applicants to select questions via a homepage of prerecorded
video clips from key leaders in the institution, covering a
variety of topics, interests and Accreditation Council for
Graduate Medical Education core competencies.
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EXPLORATION OF NEW METHODS/METRICS FOR
APPLICANT ASSESSMENT
Challenge
With the potential disruption of metrics and methods
that have traditionally been highly valued in the residency
selection process,2 programs will have challenges identifying
and stratifying applicants who may be successful in their
residency program. The combination of this pandemic and
USMLE Step 1 moving to pass/fail creates an opportunity for
graduate medical education (GME) to develop and explore

new methods to better holistically review applications.
Another goal of many EM residency programs is to increase
the number of under-represented minorities in one’s program,
as evidenced by the surge in under-represented minority EM
clerkship scholarships.39
Suggested Solutions
While the EM community was not interested in
continuing the AAMC Standardized Video Interview pilot
as a new metric for EM residency selection,40 there may

Table 1. Suggested solutions to address challenges in the emergency medicine residency application review process amidst COVID-19.
Challenge

Suggested solutions

Emergency medicine rotations and letters of recommendation

• Strategies to increase applicants’ exposure to EM:
• Increase the number of EM rotators through an institution
by shortening rotation length or decreasing required
number of shifts.
• Expand time frame for away rotators to complete EM
rotation beyond traditional summer months.
• Support one EM rotation for all by prohibiting away rotations for
applicants with a home residency program and reserving away
rotation slots for applicants without access to a Standardized
Letter of Evaluation (SLOE) from their home institution.
• If a student is unable to obtain a SLOE, have an advisor write
a letter incorporating the key elements of the SLOE.
• Provide more weight to non-residency affiliated EM faculty
SLOEs, EM sub-specialty SLOEs, and letters from outside of EM.
• Encourage use of the O-SLOE (for off-service or other rotations)
template for non-EM physician letter writers, which details
characteristics that are valued by EM program directors (PDs).

Board scores

• Consider the new certification pathways instituted by the
Educational Commission for Foreign Medical Graduates
as a substitute to the Step 2 Clinical Skills (CS) exam for
international medical graduates
• Consider revision of policies requiring Step 2 Clinical
Knowledge and CS for interview offer and/or ranking.
• Engage in holistic application review.

Medical Student Performance Evaluation (MSPE)

• MSPE release and residency application availability to PDs
has been delayed to October 21, relaxing the time pressure on
students, schools and programs.
• For applicants who were still unable to complete core
clerkships in time for MSPE release, schools can consider
allowing amendments to the MSPE.
• Schools should outline their pandemic response in their
MSPE, including how their students’ clinical experiences were
affected by the pandemic and any prohibitions in obtaining EM
rotations.

Number of applicants/applications

• Programs should be transparent on their websites with regard
to expectations, requirements and timelines.
• Consider allowing students to submit an optional statement of
interest to specific programs within their personal statement.
Communicate this desire/expectation with the Electronic
Residency Application Service (ERAS).
• Consider instituting preference signaling in ERAS where
applicants can designate their top residency choices during
application.

EM, emergency medicine; PD, program director.
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Table 2. Suggested solutions to address challenges in the emergency medicine residency interview process amidst COVID-19.
Challenges

Suggested solutions

In-person interviewing

• Replace with video interviews.
• Augment video interviews with an option to visit the program at
a later date pending travel and social distancing restrictions.
• For recommendations on the mechanics of conducting virtual
interviews, consider reviewing the tips for program directors
and interviewers published by the Association of American
Medical Colleges and the Compendium of Resources
published by the Coalition of Physician Accountability.

Highlighting the program beyond the interview

• Record and post videos of existing resident experiences,
didactics, etc.
• Create expanded content (written, photographic, video) with
particular attention to replacing the traditional tour of the facility,
resident spaces and geographic area.
• Promote content via institution website and social media
(Twitter, Instagram, Facebook, YouTube).
• Ensure Emergency Medicine Residents’ Association Match
profile and social media links are up to date.

Helping applicants get a “feel” for a program and assess for “fit”

•
•
•
•

Host a mini virtual EM rotation.
Invite applicants to “attend” conference virtually.
Host online pre-interview and lunch socials.
Host resident “hang outs” with residents fielding applicant
questions about what kind of applicant shines in their program.
• Use an interactive interview tool that allows applicants to guide
their interview in a way that is meaningful to them.

EM, emergency medicine.

be alternative tools that we can explore to help identify
successful applicants to our EM residency programs. Prehire assessments are used by eight of the top 10 US private
employers and by 57% of large US employers.41 Some of
these assessments have demonstrated utility in undergraduate
medical education and GME as well.42-48
For example, emotional intelligence testing has been
shown to have positive correlation with medical school
success.43 Personality testing to assess for fit is widely
used in other industries and some data indicate that it may
be effective for residency selection as well.42 Situational
judgment testing through methods such as the Computerbased Assessment for Sampling Personal Characteristics
(CASPer), has demonstrated moderate predictive validity
to national licensure outcomes in Canada44 and is required
by all medical school applicants in Canada and two US
medical schools.45 Its utilization in general surgery has
been associated with overall performance in residency,46
allowed for more general surgery interview offers to underrepresented minorities in medicine,48 and did not detract
applicants from applying to the general surgery programs
that implemented its use.45,48
While it is neither feasible, nor advisable, to incorporate
these assessments for all EM applicants during this
application cycle, now is a better time than ever to begin
exploring and validating these, or other methods, for
potential future use in the EM residency application process.
Volume 21, no. 5: September 2020

Altus Assessments, the developer of CASPer, and the
National Board of Medical Examiners are collaborating to
explore the use of CASPer during this residency application
season (Elise Lovell, MD, on behalf of Altus Assessments
and the National Board of Medical Examiners, CORD
listserv communication, June 21, 2020). Programs interested
in participating in this research project can fill out this form
(http://bitly.ws/9s73).
CONCLUSION
While COVID-19 presents significant challenges
to medical education and the residency application
process, the GME community can view this pandemic
as an opportunity to explore disruptive change. Just as
quarantine orders eliminated barriers to virtual meetings
and appointments overnight, we have the chance to
make important changes to the residency application
process that will benefit programs and applicants for
years to come (Tables 1 and 2). We should embrace this
opportunity while simultaneously working to preserve
the essential components of the process. Only time will
tell how the pandemic will influence the match process,
and what adaptations will be most helpful. The CORD
Application Process Improvement Committee is committed
to making the most of the situation and plans to follow up
with a report detailing the impacts and best practices for
addressing similar challenges in the future.
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Introduction: The coronavirus disease 2019 (COVID-19) pandemic has seriously impacted clinical
research operations in academic medical centers due to social distancing measures and stay-at-home
orders. The purpose of this paper is to describe the implementation of a program to continue clinical
research based out of an emergency department (ED) using remote research associates (RA).
Methods: Remote RAs were trained and granted remote access to the electronic health record
(EHR) by the health system’s core information technology team. Upon gaining access, remote RAs
used a dual-authentication process to gain access to a host-based, firewall-protected virtual network
where the EHR could be accessed to continue screening and enrollment for ongoing studies. Study
training for screening and enrollment was also provided to ensure study continuity.
Results: With constant support and guidance available to establish this EHR access pathway,
the remote RAs were able to gain access relatively independently and without major technical
troubleshooting. Each remote RA was granted access and trained on studies within one week and
self-reported a high degree of program satisfaction, EHR access ease, and study protocol comfort
through informal evaluation surveys.
Conclusions: In response to the COVID-19 pandemic, we virtualized a clinical research program to
continue important ED-based studies. [West J Emerg Med. 2020;21(5)1114-1117.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at
the time of publication and may evolve as the science develops.
INTRODUCTION
Academic medical centers across the world are actively
involved in clinical research and their success and quality
relies on the collaborative contributions of all levels of
its research staff. Emergency departments (ED) often use
volunteer research associates (RA) to support clinical research
activities such as study screening and enrollment while
providing students with clinical research experience.1,2
Western Journal of Emergency Medicine

In response to the declared coronavirus disease 2019
(COVID-19) pandemic3 and in adherence with state and local
restrictions,4,5 operations within academic medical centers
have been significantly impacted to ensure patient, staff,
student, and volunteer safety. Clinical research tasks are
necessary even during the pandemic to evaluate new protocols
and treatment options, enroll new patients in ongoing studies,
conduct follow-up on existing patients, and still have access
to high quality and peer-reviewed data in well-designed trials.
This pandemic has modified how we think of patient care and
conducting research from afar beyond traditional remote chart
review. Advances in technology have allowed for the remote
care of some patient conditions and supportive activities such
as data reporting. We hoped to expand prospective research
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activities using remote access, which is not as prominent in
the literature.
Advances in electronic health record (EHR) capabilities
have transformed how we capture, store, and summarize
patient data.6 Equally important technology advances, such
as security protocols and virtual networks, have allowed
clinicians and researchers to access information securely and
remotely. Cybersecurity specifically allows for authorized
access to an established system while preventing unauthorized
access. Given the abundance and importance of clinical
research to improve the quality of patient care and continue
educational objectives of health systems, we have successfully
implemented and positioned remote RAs to continue EDbased research objectives during the COVID-19 pandemic.
The purpose of this paper is to describe the implementation
of a program to continue clinical research based out of an ED
using remote RAs.
METHODS
This paper describes a remote RA program developed at
an academic medical health system with two hospital EDs
using a shared EHR (Epic) with a combined census of 85,000
patients annually. One hospital is an urban, academic teaching
hospital (a Level 1 trauma center with the region’s only burn
center) and the other is a suburban community hospital with
a geriatric emergency care unit within the ED. The health
system has extensive multidisciplinary research programs that
rely on standard clinical research methodologies to conduct
innovative research studies and clinical trials.
The University of California San Diego Department
of Emergency Medicine RA program was established in
2002 to provide RAs with the opportunity to gain clinical
research experience in the ED while receiving academic and
professional mentorship. There are usually 40-50 RAs in the
program at a time who cover about 16 hours in both EDs per
day. Prior to COVID-19, RAs provided active engagement
with ED patients to collect data for numerous ongoing studies
and support other research opportunities. Many students
obtain independent study college credit for their participation
in the program.
All RAs are required to complete Human Subjects
Protections (HSP) training and EHR training. HSP training is
conducted through the Collaborative IRB Training Initiative
(CITI) and set forth by the institution’s expectations. RAs
must also complete Epic ASAP EHR Training. Next, RAs are
scheduled for a one-hour orientation with a faculty or staff
member to understand existing ED-based study needs and
departmental expectations. RAs then shadow a training officer
in the ED and complete a competency checklist that reinforces
program expectations in order to be able to serve shifts
independently. Time with the training officer varies based on
individual RA level of comfort and ED-specific factors such as
patient availability.
Providing remote access to a group of existing RAs
Volume 21, no. 5: September 2020

allowed for two specific studies to continue, while allowing
RAs to gain clinical research experience and independent
study credit. Student participation in these studies requires
skills to complete tasks beyond remote chart review. One
of the projects is an observational study that involves the
evaluation of a rapidly implemented clinical care pathway
to treat COVID-19 patients that began following the
implementation of the stay-at-home measures; the other
project is an ED-based, randomized controlled trial to refer to
and assess two palliative care treatment arms for patients who
had been previously diagnosed with a life-limiting illness.
In support of these two studies, RAs attended a remote onehour training session for each study provided by each study’s
principal investigator and RA program administrators that
involved a live demonstration and discussion of study-specific
inclusion and exclusion criteria.
The week following the initial remote setup, a program
coordinator conducted 30-minute scheduled remote
consultations with individual RAs to review study criteria,
troubleshoot remote access issues, and informally assess
individual RA competence of study-specific expectations.
To informally assess RA competence of study-specific
expectations, we asked questions about navigating the EHR
and other important study-specific processes. We summarized
all program and study training time allotments in Table 1.
Roughly seven weeks following the implementation of remote
RA access, we informally assessed the perceptions of the
advantages and disadvantages of conducting remote research
from six RAs. Responses from the informal assessment are
summarized in Table 2.

Table 1. Training types with time allocations for student research
associates and faculty/staff.

Training type

Student time
allocation (hours)

Faculty or staff
time allocation
(hours)

CITI HSP and GCP training*‡

4-6

0

EHR training*

1-2

0

1

1

2-4

0

Study 1*

1

1

Study 2*

1

1

‡

Orientation**‡
Shadowing in the ED**

‡

Remote access training
and study-specific training

Check-ins*
0.5-1
0.5-1
*Training conducted remotely
**Training conducted in person
‡
RA program onboarding (students had completed previously)
RA, research associate; CITI, Collaborative Institutional Review
Board Training Initiative; HSP, Human Subjects Protections;
GCP, good clinical practice; EHR, electronic health record; ED,
emergency department.
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Table 2. Response themes of remote research associates’ selfreported advantages and disadvantages of conducting remote
research.
Advantages

Disadvantages

• Having your own (unshared)
space
• Having constant/direct
computer access
• Schedule flexibility
• More exposure to more
studies*
• Not being exposed to
COVID-19
• Being able to continue
gaining research experience
• Not needing to consider
transportation arrangements
• Being able to still work with
patients

• Sometimes challenging to
reach busy clinicians
• Not being in person with
patients to gauge indirect
communication cues
• Discussing sensitive topics
with patients via phone
• Patients not understanding
why we aren’t there in
person
• Increased challenge of
getting the information
you need from a patient or
clinician
• Not getting to be in the ED
• Reaching patients can be
tough
*Note: Some remote RAs previously had limited study participation.
COVID-19, coronavirus disease 2019; ED, emergency department.

Expanding on existing network infrastructure protected
by a host-based firewall, six existing RAs were provided
guidance and training on dual authentication processes and
access to a virtual private network (VPN) from which they
could access the EHR. Access to the VPN is granted using a
single sign-on (SSO) process in an active directory that can
only be modified by core information technology (IT) team
members. These RAs independently established access to a
two-factor authentication system using unique credentials to
access the VPN.
RESULTS
Leveraging skills and resources from research, IT, and
clinical staff, we successfully provided access to an EHR
via existing network infrastructure to enable six remote
RAs in one week. Given that this research program would
have otherwise been terminated due to COVID-19, RAs
self-reported a high degree of program satisfaction, remote
EHR access ease, and comfort with study protocol during the
30-minute check-ins with the program coordinator. For the
COVID-19 pathway study, enabling remote RAs allowed them
to screen for eligible study participants in the EHR and collect
data via telephone from ED attending and resident providers.
While there was concern regarding interrupting emergency
provider workflows, emergency physicians were receptive
to study participation and would communicate at a later time
with our RAs if they were busy. For the second study, RAs
not only screened for eligible ED patients in the EHR during
the patient’s stay, but also worked with the clinical care teams
via telephone to confirm subject eligibility in adherence
Western Journal of Emergency Medicine

with defined study inclusion criteria. Using details from the
EHR, the RAs contacted patients during their ED stay using
the patient’s cell phone number or by calling the phone in
the patient’s assigned room, conducted informed consent
processes via telephone, as deemed appropriate by the IRB,
and collected baseline study details.
Overall, our remote RA program success is indicated by
our ability to continue collecting data and enrolling patients in
our two ED-based studies, as well as our informal assessment
of the advantages and disadvantages of conducting research
remotely, as summarized in Table 2. Further expansion to
other observational and prospective studies and increasing
research capabilities, including expansion to remote RAs
not tied to college credit, with additional students is moving
forward as well. Similar to our site’s ability to enroll patients
for this study telephonically through remote RAs, other
participating sites in the palliative care study have also been
able to continue to enroll patients.
DISCUSSION
This remote RA approach allowed us to both initiate and
continue important research studies to address the effects of a
pandemic, but could also be considered as a means to improve
efficiency in the future. Similar to how many healthcare
settings have responded to the pandemic by reducing or
eliminating visitors to reduce the spread of the virus,2 the
remote RA model reduces the number of people who need
to be physically present in the healthcare setting, which is
beneficial for patients who may feel overwhelmed by the
ED environment and further allows for the optimization and
prioritization of their care. This approach opens the realm of
clinical research to new opportunities.
Despite the challenges that this worldwide crisis has
caused, clinicians and researchers still have an opportunity
to respond by rethinking the way they continue prospective
clinical research. Involving RAs in research remotely fills an
important gap while diversifying and expanding experiences
and possibilities for RAs with underlying health conditions to
gain experience beyond chart review alone. This is especially
true of the COVID-19 pandemic or of similar situations
where access to a clinical setting may be detrimental to
an individual’s health. While this approach has positive
implications for reducing the need for unnecessary exposure
and personal protective equipment, it will reduce the ability of
study team members seeking in-person, clinical exposure to
gain necessary contextual experience. Weighing the pros and
cons of this type of approach is thus important and could be
cascaded into alternative research experience models.
This approach also changes the way that researchers and
clinicians think about subject recruitment and enrollment.
While this is currently serving as a temporary alternative
to existing workflows, remote EHR access and enrollment
by telephone allow research teams with enrollment or other
expertise to engage patients from afar, conduct research with
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special populations, or conduct remote follow-up activities.
Similarly, this approach transforms the need for brick and
mortar structures for research teams and allows the option
to work from a convenient location or designated space.
However, this approach minimizes or eliminates the personal
contact of in-person subject recruitment.
Finally, leveraging remote RAs expands research teams to
include appropriately trained students, off-site clinicians, and
other research team members. Study teams are increasingly
comprised of research sites or members from various locations
to improve sample size and subject recruitment. Leveraging
remote RAs could expand the ability of sites to more broadly
share information and data with one another – while engaging
with a diverse group of study team members – contributing
to the improved quality and efficiency of multisite study
recruitment, collaboration, and data-related efforts. Our site
is one of many sites currently participating in the ED-based
palliative care study and leveraging remote RAs to help with
research activities for this study has helped to expand study
screening and recruitment activities from afar.
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Training in research methodology represents an important aspect of emergency medicine (EM)
resident education, but best methods for design, implementation, and dissemination of resident
research remain elusive. Here we describe recommendations and best practices from the existing
literature on EM resident research, including helpful tips on how to best implement a resident
research program. [West J Emerg Med. 2020;21(5)1118-1122.]

INTRODUCTION
When René Laënnec, a French physician in 1816, failed
to adequately percuss the thorax of a young woman with
heart disease, he improvised. Laënnec wrote, “I rolled a
quire of paper into a sort of cylinder and applied one end
of it to the region of the heart and the other to my ear.”1
After numerous revisions, his invention was revealed to the
medical community, and quickly caught on. Within a few
years, primitive stethoscopes could be found in medical shops
throughout Paris. Had Laënnec stopped with that rolledup piece of paper, his one-time improvisation would have
been lost to the annals of history. Fortunately, he chose to
build upon his initial discovery and, crucially, to share his
breakthrough with the world. Laënnec’s journey charts an
enduring and fundamental trajectory of medical innovation:
from observation, through inspiration, refinement and testing,
to dissemination.
Development of a research project can be especially
daunting to physicians already engaged in an emergency
medicine (EM) residency training program. But execution
of a research project during residency remains a worthwhile
experience, allowing participants to meaningfully contribute
to medical knowledge and develop an investigative spirit.2
Residents participating in research appear to attain greater
job satisfaction,3 and can objectively frame everyday
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questions and methodically seek answers3 to problems
including (among others) staffing issues, wait times, and
communication barriers.4-5
The Accreditation Council for Graduate Medical
Education Residency Review Committee for EM recognizes
the importance of these efforts, mandating resident completion
of a “scholarly project” prior to graduation. Their requirement
cites the following as examples of qualifying activities: “…
the preparation of a scholarly paper such as a collective
review or case report, active participation in a research
project or formulation and implementation of an original
research project.”6 These activities should include problem
identification, data collection, analysis, and conclusion.7
Performance and documentation of these projects are vital to
the acceptance of a scholarly project, whether a case report,
community project, development of medical software, or
traditional research project.7 Recent reports from within the
EM community have emphasized the importance of scholarly
activity to EM resident education.8-9
Advancing the state of scientific knowledge is not a
requirement for success in resident research, but it is a
potential benefit of this exercise. It is the responsibility
and privilege of those involved in residency administration
to facilitate the training of EM resident researchers in the
development and execution of research projects that support
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not only the professional careers of residents but also the
advancement of our specialty.8-9
What is Resident Research?
It has been suggested that “resident research” is, “research
where a resident has a principal role in the implementation and
completion of the project.”10 We suggest that the resident research
experience be defined by the engagement of the resident learner
in the research process, focusing upon the educational value of
the project rather than the resident’s official role or involvement
in the design and execution of the project. Research studies are
intended to create new generalizable knowledge that can be
applied to other populations and settings.11 Consequently, we
propose that “resident research” be defined as any systematic
investigation designed to yield new information that actively
engages the resident-learner and facilitates the acquisition of
a greater understanding of the scientific method. This is in
distinction to quality improvement projects, which seek to apply
existing knowledge to improve healthcare outcomes within a
local healthcare institution or setting.12
Setting Realistic Expectations
One purpose of resident research is to expose residents
to the methods by which research is conducted, creating
“educated consumers” of the medical literature. However,
residencies hoping to establish a resident research program
de novo must recognize the additional workload that resident
research projects impose upon faculty. Mentors should be
primarily responsible for guiding and supervising resident
research, but should be adequately vetted to ensure that the
research experience yields a positive result for all involved.
Research directors should provide guidance relating to funding
opportunities, deadlines for abstract submission to key research
conferences, important institutional and federal regulations,
and departmental resources.13 Departmental leadership should
create an environment in which research is actively promoted,
providing appropriate funding and protected time for mentors
and other research faculty.13

The Research Question
A general research question must be formulated, which
will generate a testable hypothesis.3,19 All possible outcomes
should be considered, and at least one of them must be
worthwhile.20 The FINER criteria may be used to assess the
relative merits of the proposal:14-15,21
Feasible
Can the project be completed within the time
allotted using the given resources? Can the proposed
investigation enroll enough patients to demonstrate a
difference in the proposed outcome measures?
Interesting
Is the topic engaging enough to be worth the effort?
Novel
Is the proposed investigation different enough from
what has been done before to add knowledge on the
subject?
Ethical
Does the proposed investigation respect the morals of
the community, the patient, and the profession?
Relevant
Are the results likely to be applicable to many
patients? Will the results be useful and contribute to
the greater good?
Formulating a Hypothesis
A suitably refined and meaningful research question will
help in generating a hypothesis, providing a clear delineation
of what the investigation will attempt to prove. Investigation
of a well-designed hypothesis will be interesting even if a
negative result is found.

Getting Started
Clinical experiences, journal club articles, or experiences
with different teaching modalities may generate an appropriate
resident research topic including relevant clinical or
educational questions.2, 14-15 Additional ideas may come from
the resident’s personal interests or experiences.
Learning Research Methodology
Most programs will offer training through didactic
presentations, journal clubs or evidence-based literature
discussions. However, a focused educational effort
specifically targeting research methodologies has been
shown to correlate with improved resident skills, knowledge,
and research productivity.16 Nearly one in four EM training
programs offers a fixed rotation in research.5,17 A more
Volume 21, no. 5: September 2020

feasible format for the busy trainee might be the Advanced
Research Methodology Evaluation and Design video
series available from the Society of Academic Emergency
Medicine (SAEM), including “how-to” webinars and
podcasts produced by senior researchers.18

The Mentor
A mentor experienced in the resident’s area of research
interest can be an invaluable resource by offering hints at
project scope, helping with setbacks, and tailoring the learning
experience to the resident’s needs.22 Most often, the mentor
is an established researcher within the department but could
include a specialist in another field, or even a non-physician
investigator.5, 23-24 Goals and expectations should be discussed
early on, to avoid frustration for both parties.5 Terregino has
shown that, in general, EM residents are relatively unfamiliar
with what resources are available to them, which can lead to
significant amounts of time wasted.25 Most hospitals provide
research support that is invisible to the outside observer, including project coordinators, departmental research directors,
and biostatisticians.25 The mentor should be aware of all available institutional resources.
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The Literature Search
A valid research project must be informed by past work.
Most literature reviews will begin with a search of PubMed.
gov, the database of the National Library of Medicine, or
OVID.org, which includes textbooks as well as journals.26
Search terms used must be carefully selected, and the proper
Boolean operators assigned. One study has shown physicians
to be especially inept at crafting effective search strings.27 Any
doubts about the literature search process or its results should
be referred to a librarian.
Each paper identified from the literature review should
be thoroughly read. Investigators should avoid citing
abstracts alone, as they are often incomplete in their data
presentation. This process is labor-intensive but necessary
to form a strong foundation for the research project. All
references cited within each article should be assessed for
relevance. The selected literature should be reviewed to
better understand the subject matter and to develop context
for the proposed work. If adequate data from existing
sources are uncovered, one may consider a retrospective
evaluation of prior results including a meta-analysis.2, 28-29
Research Design
The novice researcher should look to the existing
medical literature for guidance in how to properly design
a new study. Selection of the proper research methodology
will depend upon multiple factors, including the research
question, hypothesis, and predetermined outcome measures.
A timeline should be implemented to ensure that all tasks
are achievable within the allotted time. Resident physicians
should develop a team approach, incorporating input
from the faulty mentor as well as a staff epidemiologist
or biostatistician. The required sample size will depend
upon a variety of factors, including the acceptable level
of significance, power of the study, expected effect size,
underlying event rate in the population, and standard
deviation in the population.30-31 Efforts should be made to
collect an inclusive and truly random sampling, to avoid
convenience selection bias.32 Early consultation with the
biostatistician will also inform the researcher’s decisions
on the most appropriate methods for the statistical analysis
of data derived from the study. For further information
about study design specifics, the reader is referred to several
existing publications.2, 4, 13, 33-34

Conducting the Study
After the research protocol has been IRB-approved or
exempted, data collection can commence. Prior development of
a data collection tool will greatly enhance the efficiency of this
process, facilitating both IRB approval and the subsequent data
analysis. Subject enrollment can also be improved with use of
a trained research assistant. This problem may be circumvented
through creation of an “academic associate program,” which
integrates EM research with undergraduate education.35
Research Funding
Resident research projects usually require little external
funding. On occasion, additional costs may be incurred to
help pay for statistical analysis, or the purchase of required
equipment.36 Internal sources, as well as the Emergency
Medicine Foundation 37 and the SAEM Foundation 38 represent
potential sources for funding.
Presentation and Publication
Once the data have been collected and analyzed,
the researcher should consider how the results will be
disseminated. The annual meeting of SAEM, the Research
Forum at the American College of Emergency Physicians’
annual scientific assembly, and the Annual Assembly of the
Council of Residency Directors in Emergency Medicine
(CORD) represent the premier locales for presentation of
EM research.39
Ideally, the resident research experience should lead to
a manuscript, although the lack of immediate publication
must not be interpreted as failure. Only 40% of EM
abstracts go on to become full article publications.15,40
Most manuscripts are published 1-2 years after initial
presentation.17 Appropriate journal selection for submission
enhances the likelihood of success, as does a thorough
understanding of manuscript preparation techniques and
review criteria.41-43

The Institutional Review Board
Any research project that involves human participants or
their data requires submission to the local institutional review
board (IRB). Research protocols submitted to the IRB can
fall into one of three categories: full submission; expedited;
or exempt. Research involving greater than minimal risk to
human subjects will require a thorough review by the IRB and
development of an informed consent document. Prospective
projects involving only minimal risk may be approved via
Western Journal of Emergency Medicine

the expedited process, where a single reviewer may approve
the work in lieu of the convened board. Studies that include
only retrospective data from the electronic health record may
be exempt from IRB review, but this determination should be
made by the IRB, rather than by the investigator. Investigators
should confer with their local IRB to confirm what level of
IRB review is required before beginning data collection.

CONCLUSION
While any research resultant from a resident’s scholarly
project is unlikely to have the impact of Laënnec’s
stethoscope, EM residents may still gain much from engaging
in clinical research. For some, it will light an investigative
fire that will burn for an entire career. At the least, resident
research projects can provide an opportunity to explore issues
central to the practice of EM, helping the resident to become a
more well-rounded physician.
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Introduction: Suicide is the 10th leading cause of death in the United States, with firearms reported
as the cause of death in up to 50% of these cases. Our goal was to evaluate the feasibility of the
Counseling on Access to Lethal Means intervention in the Emergency Department (CALM-ED) by
non-physician personnel.
Methods: We conducted this single-center, prospective, quality improvement study (QI) in an
urban, academic ED with over 90,000 annual patient visits. The study looked at adult patients
who were discharged after presenting to the ED with suicidal crisis. Assessment of access to
lethal means was conducted at the bedside, followed by a counseling session regarding safe
storage of lethal means and follow-up via telephone call 48-72 hours after ED discharge. We
collected data on patient’s sociodemographics, psychiatric history, access to lethal means, lethal
means storage methods, the patient’s specific plans for lethal means storage after discharge,
and post-discharge follow-up care.
Results: Of 215 eligible patients, 166 voluntarily agreed to participate in CALM-ED, of whom 84
(51%) reported access to lethal means. Following the intervention, 75% of patients described a
specific storage plan for their lethal means. Patients with and without access to firearms were
equally likely to participate in the follow-up telephone call.
Conclusion: An ED-based CALM QI intervention is feasible for implementation by non-physician
personnel and is well received by patients and families. This intervention has the potential to help
saves lives at times of suicide crisis. [West J Emerg Med. 2020;21(5)1123-1130.]

INTRODUCTION
Firearm-related injury and death represent a public health
epidemic. Suicide is the 10th leading cause of death in the United
States, with firearms reported as the cause of death in up to 50%
of these cases.1 Up to 90% of suicides attempted with a firearm
result in death, and the direct medical costs resulting from
firearm injures are as high as $2.9 billion dollars per year.2,3
Additionally, many patients have their first point of contact with
the mental healthcare system less than one month before suicide
Volume 21, no. 5: September 2020

is attempted.4
While these findings suggest that many patients would
benefit from outpatient mental healthcare, over 100 million
people in the US live in a mental health-designated Health
Professional Shortage Area, in which only 27% of the mental
healthcare need is met.5 Consequently, the emergency department
(ED) is a frequent point of access to care for patients with mental
health crises, with nearly 1% of all US ED visits in 2013 involved
in evaluation and management of suicidal ideation (SI).6 In

1123

Western Journal of Emergency Medicine

Mueller et al.

Counseling on Access to Lethal Means-ED
bridging the gap to accessible mental healthcare services, there is
an opportunity to improve safety from suicide in ED patients
through counseling on safe storage of lethal means at times of
suicidal crisis.
The majority of the health professional associations that deal
directly with mental healthcare have endorsed suicide risk
assessment and counseling on access to lethal means, such as safe
firearm storage practices.7,8 Multiple studies have shown that
counseling on safe storage of lethal means can improve safe
firearm storage, and thus decrease risk of firearm-related
suicide.9-14 Despite this finding, routine lethal-means counseling
for at-risk patients has not been widely adopted in high-volume
settings such as the ED. In 2013, Betz et al found that only 22%
of emergency providers regularly assess for firearm access in
patients with SI.15 And a two-year survey of ED nurse managers
at facilities that discharged suicidal patients identified significant
gaps in asking about firearm access and counseling on safe
storage when patients reported access.16 A similar needsassessment study conducted at our institution found that
emergency physicians documented access to firearms in only 3%
of suicidal patient encounters.17 This gap inspired a project to
counsel patients on access to, and safe storage of, lethal means—
especially at times of suicidal crisis.
In 2014 we launched a university-wide gun violence
strategic initiative to identify gaps in available research and find
actionable measures to reduce gun violence.18 One result of this
effort was the development of the Counseling on Access to
Lethal Means (CALM) quality improvement (QI) intervention,
“CALM-ED,” based upon the free, online CALM module
available through the Suicide Prevention Resource Center.19 This
online module was designed specifically for mental health and
medical providers who counsel people at risk for suicide. A
growing body of literature, including a recent survey of
community-based mental healthcare workers’ knowledge and
attitudes after completing an in-person CALM workshop,
demonstrated a positive association between CALM training and
comfort discussing CALM, and suggests that participating in
CALM training improves provider self-reported comfort and
increased frequency in use of CALM.20 However, there is a
paucity of evidence on how to systematically provide this
intervention across clinical settings.21,22 Indeed, in 2018 Betz et
al reported that among 800 ED patients who screened positive
for suicide risk, only 18% had a documented assessment of
access to lethal means, and only 8% had documentation of a
specific plan to reduce access to said lethal means.23
Leveraging the accessibility of CALM and the abundance of
at-risk patients in our ED population, while cognizant of the time
demands on emergency physicians, we developed the QI program
CALM-ED, which was implemented by non-physician
personnel. This work serves as a primer on how to improve
frequency of real-time lethal means counseling among the highest
risk suicidal patients in the ED setting. As a first step, in this study
we evaluated the feasibility of non-physician providers
successfully delivering this intervention in the ED. We also aimed
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Suicide is the 10th leading cause of death in the
US, with firearms the reported cause of death
in up to 50% of these cases.
What was the research question?
Can the suicide prevention strategy Counseling
on Access to Lethal Means be implemented in
the emergency department (CALM-ED)?
What was the major finding of the study?
Following the CALM-ED intervention, the
majority of patients described a specific
storage plan for their lethal means.
How does this improve population health?
An ED-based CALM intervention is feasible
and well received by patients and families.
CALM has the potential to help save lives at
times of suicide crisis.

to better stratify the at-risk population of suicidal patients
presenting to the ED and evaluate whether participating in
CALM-ED leads to increased compliance with outpatient mental
healthcare and safe storage of lethal means.
METHODS
Study Design
This was a single-center, prospective QI study evaluating
the feasibility of delivering counseling to patients presenting to
the ED with suicidal ideation. Findings are reported in
accordance with SQUIRE (Standards for Quality Improvement
Reporting Excellence guidelines).24,25 This study was approved
by our institutional review board (IRB) and included a waiver
of consent.
Study Setting and Population
We conducted this study between January 1, 2018–June 5,
2019, in an urban, academic ED with over 90,000 annual patient
visits. Patients were eligible for inclusion if they met the
following criteria: English-speaking; 18 years or older; had
nursing-assigned triage chief complaints of “suicidal ideation,”
“suicidal attempt,” or “depression;” had been placed on suicidal
elopement precautions; had access to a telephone; and were
ultimately discharged from the ED. We excluded patients who
were admitted to the hospital, actively psychotic, or refused the
intervention. Patients who arrived intoxicated were eligible once
clinically sober. Patients received usual care of psychiatric
conditions in the ED, which was provided by attending and
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resident emergency physicians. Some patients received
consultation by the psychiatry service at the discretion of the ED
team in the course of their usual care; psychiatric consultation
was not part of the CALM-ED intervention. If psychiatry was
consulted, patients only received CALM-ED if they had
subsequently been cleared for discharge. Both the ED team and
psychiatry consultants could provide CALM as part of their
standard care. Eligible patients received CALM-ED from the
study team regardless of other ED care provided.
Intervention Counselors
Research coordinators from our Emergency Care Research
Core (seven registered nurses, one respiratory therapist, and two
college-educated coordinators) completed training on
administration of the CALM-ED intervention through the online
CALM module available through the Suicide Prevention
Resource Center, use of scripted language, and direct teaching by
the study team.19 These intervention counselors were available 24
hours a day/7 days a week for enrollment and delivery of
CALM-ED. Use of non-physician counselors was directed at
offloading counseling from clinician staff and at making our
results more generalizable to non-academic, non-tertiary care
settings where nurses, advanced practice providers, medical
assistants, behavioral health coordinators, and other nonphysician providers may conduct suicide risk assessment. To
avoid conflicts of interest, the authors did not hire or manage the
coordinators, nor did we directly provide the intervention or data
collection for this study. After completing the CALM training, the
majority of intervention counselors expressed comfort with their
ability to suicidal ideation and CALM with ED patients.26
Identification of Participants
Patients presenting to the ED with SI were identified by
CASE-ED (Computer Assisted Screening and Enrollment in the
ED). CASE-ED is an IRB-approved, case-finding program that
notified intervention counselors via secure text messaging of
patients with the aforementioned nursing-assigned, triage chief
complaints. The intervention counselors approached the
emergency physician team after “usual care” ED evaluation was
complete to determine which patients would be discharged home.
To protect patient privacy, all interventions occurred in the
patient’s treatment room in the ED.
Intervention Delivery
The intervention counselors performed a short assessment of
access to lethal means at the bedside and delivered a brief,
scripted counseling session with patients and any family members
or friends present regarding safe storage of firearms and other
lethal means. This script, which includes stating your care role as
part of the ED team, asking the patient directly about access to
lethal means and how they are currently stored, and creating an
individualized safe storage plan for any lethal means present, is
provided in Appendix Figure 1. As CALM is supported by
national organizations and practice guidelines and a valuable care
Volume 21, no. 5: September 2020

service that has previously been difficult to operationalize in the
ED setting, the intervention counselors identified themselves as
part of the care team.27-29 Participants were given handouts
developed in partnership with our Institute for Public Health
(Appendix Figure 2) detailing mental health resources and local
options for safe storage of firearms, and patients who possessed
firearms were also given free gun locks upon discharge.
A scripted follow-up via telephone call occurred 48-72 hours
after ED discharge. Telephone calls were made to the phone
numbers provided to the intervention counselors by patients at the
time of discharge. A standardized, follow-up telephone call script
was followed. Patients who responded that they were not
following the safe practices discussed while in the ED were
reminded of the importance of doing these things for their safety.
Additionally, if a patient endorsed active suicidality at the time of
the follow-up call, a warm handoff was conducted between our
intervention counselors and the crisis hotline counselors at a local
mental healthcare organization.
Data Collection
We collected data including patient age, gender, race, marital
status, substance use, psychiatric history, personal history of
suicide attempt, and whether this ED visit was for a suicide
attempt. Additionally, we collected data on the following: access
to lethal means (firearms, pills, other); how lethal means were
stored; patient’s specific plans to store lethal means after
discharge; and patient and/or family/friend phone contact
information for follow-up phone calls. All intervention counselors
were trained in data collection and were supervised in their
baseline performance of the intervention by the lead intervention
counselor for this study. We collected and managed study data
using REDCap version 7 (Vanderbilt University, Nashville, TN)
electronic data capture tools.
Intervention counselors made up to three follow-up calls,
inquiring whether and how lethal means were stored safely,
whether the patient had established outpatient follow-up care
(primary doctor, psychiatrist, therapist, or other), assessed for
barriers to safe storage of lethal means, and inquired whether the
patient was actively suicidal.
Outcome Measures
The primary outcome of this study was feasibility of
implementation of the CALM-ED intervention in the ED by
non-physician providers. This was informed by prior description
of feasibility as an implementation outcome and included 1) the
success of counselors in completing enrollment and all elements
of CALM-ED implementation for the majority of eligible
patients; and 2) enrolled patients’ ability to state a plan for safe
storage of lethal means (when applicable) prior to discharge.30
Secondary outcomes – including better identification of patient
demographics in this cohort; past psychiatric history including
suicide attempt; substance use history; and types of lethal means
patients had access to and their current storage practices, and
current outpatient mental healthcare resources – were assessed
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through completion of a standardized data collection tool.
Analysis
We present descriptive statistics for participating
sociodemographic data and self-reported outcomes. Categorical
data are presented as counts and proportions. Chi-square analysis
was used to evaluate the difference in follow-up participation for
firearm owners vs non-firearm owners. We analyzed data using
IBM SPSS Statistics for Windows, version 26 (International
Business Machines Corporation, Armonk, NY).
RESULTS
We approached all 215 patients meeting eligibility criteria, of
whom 166 (77%) voluntarily agreed to participate in CALM-ED
(Figure 1). Patient demographics are described in Table 1.
Of the 166 patients who received CALM-ED, 84 (51%; 95%
confidence interval [CI], 0.43 - 0.58) reported access to lethal
means. The other 82 patients denied access to lethal means. These
included handguns, rifles, alcohol, medications, and “other” –
primarily knives, jumping off a bridge or out of a car, and street
drug overdose (Figure 2). Twenty-three (13.9%) patients in this
cohort reported access to firearms; their pre-intervention storage
methods are reported in Table 2. After receiving CALM-ED, of
the 84 patients who reported having access to lethal means, 63
(75%; 95% CI 0.64 - 0.83) patients described a specific storage
plan for their lethal means after discharge; one reported not
having a safe storage plan, and data were missing for 20 eligible
patients (Table 3). Eighty-two patients denied access to any lethal
means during the CALM-ED intervention. Two patients had their
disposition changed after CALM-ED: one patient received a

1372
Patients presented to ED
with chief compliant SI

215
Eligible patients

psychiatric consultation, and another received continued ED
observation. Psychiatry was consulted for 37 patients. Free gun
locks were distributed to 45 of these patients during the
intervention period.

Table 1. Characteristics of patients with suicidal ideation who
received intervention regarding access to lethal means.
Patient characteristics
n (95% CI)
Age in years (mean, IQR)
Gender

Western Journal of Emergency Medicine

64 (0.31-0.46)

Black

95 (0.50-0.65)

White

64 (0.31-0.46)

Hispanic/Latino

2 (<0.01-0.06)

Other

3 (<0.01-0.05)

Not documented

2 (<0.01-0.06)

Singe

115 (0.62-0.76)

Romantic partner

8 (0.02-0.09)

Married

19 (0.07-0.17)

Divorced

13 (0.05-0.13)

Widowed

3 (<0.01-0.05)

Other

3 (<0.01-0.05)

Not documented

5 (0.01-0.07)

Substance use*
Alcohol

69 (0.34-0.49)

Cocaine

29 (0.12-0.24)

Marijuana

35 (0.16-0.28)

PCP

1 (<0.01-0.06)

Heroin

19 (0.07-0.17)

Amphetamine

12 (0.04-0.12)

None

43 (0.20-0.36)

Psychiatric history**

Patients refused the intervention

Figure 1. Cohort inclusion matrix of 1,372 patients who presented
to the emergency department with SI between January 1, 2018 and
June 5, 2019.
*some patients met more than 1 criteria for exclusion.
ED, emergency departmnet; SI, suicidal ideation.

102 (0.54-0.69)

Female

Marital status

49

166
Patients included in study

Male
Race

1157 Patients excluded*

• Under 18 years old (3)
• Discharge not anticpated (388)
• Not placed on elopement for
SI (190)
• Acute psychosis (40)
• Admitted (517)
• No phone access for follow up
(50)
• Non-English speaking (5)

38 (27-51)

Bipolar

39 (0.18-0.30)

Schizophrenia

37 (0.17-0.29)

Personality Disorder

15 (0.05-0.14)

Depression

69 (0.34-0.49)

Anxiety

41 (0.19-0.32)

None

6 (0.02-0.08)

Not documented

9 (0.03-0.10)

Report established outpatient psychiatric care

71 (0.35-0.50)

History of suicide attempt

110 (0.59-0.73)

Current ED visit for suicide attempt
102 (0.54-0.71)
*Some patients reported use of more than one substance.
**Some patients reported use of more than one psychiatric diagnosis.
CALM-ED, Counseling on Access to Lethal Means intervention
in the emergency department; CI, confidence interval; IQR,
interquartile ratio; PCP, phencyclidine.
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Figure 2. Reported lethal mean access by type.*
*some patients reported access to more than one lethal mean.

Table 2. Firearm storage methods.
Storage type

included, “my lethal means are household items like knives;” and
“I have no one to store my medications.” Several patients
expressed appreciation for our concern about their safety, as well
as the reminders to store their lethal means safely and schedule
outpatient follow-up appointments.

n (%)

Locked in safe

6 (26)

Unlocked and unloaded

1 (4)

Unlocked and loaded

1 (4)

Stored with friends/family

8 (35)

Refused to say

2 (9)

Not sure

1 (4)

Other unspecified storage

1 (4)

Not documented

3 (14)

Table 3 also details reported follow-up outcomes: follow-up
phone calls were completed for 51 patients (31%; 95% CI, 0.24
- 0.38). Patients with and without access to firearms were equally
likely to participate in the follow-up telephone call (Pearson
chi-square 2.230, p 0.135). Of these 51 patients, 17 (33%; 95%
CI, 0.22 - 0.47) reported safely storing their lethal means; 24
(47%; 95% CI, 0.34 - 0.60) denied safe storage practices; and 10
(20%; 95% CI, 0.10 - 0.33) denied access to lethal means before
or after CALM-ED. Of the 17 patients who safely stored their
lethal means, the majority did so by securing them with friends or
family members.
Three patients reported continued thoughts of suicide and
were provided with additional resources for their mental
healthcare; two of these patients were connected with the crisis
line, and the third reported he was comfortable waiting until his
upcoming scheduled appointment with his psychiatrist. Twentyfive patients (49%; 95% CI, 0.36 - 0.62) had arranged outpatient,
follow-up care with a primary doctor, psychiatrist or therapist at
time of follow-up telephone call.
Common barriers to safe storage of lethal means at follow-up
Volume 21, no. 5: September 2020

LIMITATIONS
This was a single-center study in an academic ED, with the
limitations associated with this design. The majority of patients
who received this intervention were aged 27-51, single, male,
Black or White, with a history of substance use and pre-existing
psychiatric diagnoses. Patient inclusion was limited to English
speakers only. More than half of the patients included in this
study had a personal history of suicide attempt, and just over half
reported access to lethal means, with 23 patients reporting access
to firearms. In this pilot feasibility study, patient inclusion was
limited to those presenting with a triage complaint of suicidal
ideation; it is possible that relevant patients were excluded by this
selection criteria. This high-acuity psychiatric population is
indicative of our academic, urban ED environment. However, as
this intervention is centered on interpersonal conversations and
the development of multidisciplinary networks with outpatient
mental healthcare systems, there is nothing that precludes
generalization of these protocols to inpatient wards, clinic-based
practices, and other clinical settings.
The low follow-up telephone call completion rate of 33%
highlights an inherent difficulty in tracking the ED population,
particularly those with mental health crises, following discharge.
These rates are similar to follow up-rates reported for Black
(40.0%) and non-Hispanic White (50.9%) ED patients, and on
par with the recently reported 30% seven-day follow-up rate in
psychiatric patients after discharge from inpatient
hospitalization.31,32 This potential for difficult follow-up, coupled

1127

Western Journal of Emergency Medicine

Mueller et al.

Counseling on Access to Lethal Means-ED
Table 3. Storage plan after CALM-ED and at time of follow-up
telephone call.
After
CALM-ED*

On
Follow-Up

n = 166 (%)

n = 51 (%)

Locked in safe

9 (6)

2 (4)

Use gun lock

2 (1)

0 (0)

Storage type

Lock in closet

1 (1)

1 (2)

66 (40)

8 (16)

Dispose of pills safely

2 (1)

0 (0)

Other removal from home

4 (2)

1 (2)

Stored with friends/family

Not documented

20 (12)

5 (10)

Denied access to lethal means

82 (49)

10 (20)

Did not store lethal means safely
n/a
24 (47)
*Some reported storage plans for more than one type of lethal
means.
CALM-ED, Counseling on Access to Lethal Means intervention in
the emergency department.

with the murky legal waters of consenting patients to enroll in a
study while actively suicidal, were primary considerations in our
decision to evaluate the feasibility of CALM-ED prior to
attempting a randomized control trial into whether CALM leads
to improved safe storage in suicidal patients.
DISCUSSION
Over an 18-month period non-physician providers
successfully delivered CALM-ED to 166 of 215 eligible patients,
demonstrating feasibility. It is our hope that the protocols, script,
and data presented here will serve to assist others in
implementing CALM-ED style interventions in EDs and other
high-acuity clinical settings, and build on prior work in the
pediatric emergency setting.13 Use of non-physician counselors
avoids additional burden on physicians and increases
generalizability, especially in clinical settings that use nonphysician providers to conduct suicide- risk assessment.
This study takes the next step toward filling knowledge gaps
previously identified to increase research and integrate patientcentered programming of firearm injury-prevention strategies
such as CALM in bedside clinical practice. Encouragingly, after
CALM-ED, most participants were able to state a safe storage
plan for their lethal means prior to discharge from the ED, and
patients who participated in the follow-up telephone phone call
were receptive to continued discussion of safe storage practices.
Additionally, patients who reported access to firearms were
equally likely to participate in a follow-up telephone call as those
with access to other types of lethal means. These results suggest
that patients with access to firearms are willing to engage in
conversations about safe storage of these lethal means at times of
suicidal crisis.
Our data do not contain a documented rationale for the lack
of lethal means storage plans prior to discharge from the ED in 20
Western Journal of Emergency Medicine

patients who reported having access to said items; it is possible
this was limited by intervention counselor comfort with CALMED. Survey data of our intervention counselors indicate that
while the majority felt comfortable with the CALM-ED
intervention, two felt “somewhat uncomfortable” talking to an
individual about safe storage of lethal means, and one felt
“somewhat uncomfortable” with their ability to effectively
counsel patients on reducing access to medications and firearms.26
Additionally, one respondent felt “very uncomfortable” with all
counseling topics related to suicidal ideation, access to lethal
means, and safe storage of lethal means. Alternatively, this
discussion regarding patient plans for safe storage may have
taken place prior to discharge, but was not documented due to
time constraints, incomplete task-switching, or failure of task
completion.
While most of our patients with access to lethal means were
able to make plans for safe storage, many faced barriers to
enacting these plans. As was demonstrated in our data, many
patients rely on a social network of friends or families to help
store or manage their lethal means. This may be problematic for
patients who are socially isolated or live away from their families.
Creation of third-party networks for temporary storage of
firearms during times of suicidal crisis at police stations, gun
ranges, or other repositories could help reduce access to firearms
in this high-risk population. Free distribution of gun locks from
clinical settings may also help mitigate risk.
Despite our early successes, the suicidal crisis patient
population included in this study is just the tip of the iceberg of
patients at risk for death by suicide from firearms and other lethal
means. As multiple prior studies of discharged ED patients with
mental health presentations have documented low follow-up
rates, feasibility is a reasonable first step toward a more robust
assessment of efficacy. Additional next steps in this work will
include expanding CALM-ED to patients with any history of
depression or mental health illness (not just acute mental health
crisis), substance abuse, and other at-risk populations. Given the
many demands on physicians it may be more cost-effective to use
non-physician counselors, as proposed in this study, to maximize
CALM delivery. Given the ease of administration, especially
when provided with scripting, this suggests that non-physician
providers can feasibly deliver CALM.
CONCLUSION
While further study is needed regarding the efficacy of safe
storage practices after CALM, especially in the ED population,
our findings suggest that an ED-based CALM QI intervention is
feasible, well received by patients and families, and has the
potential to help saves lives at times of suicide crisis.
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Introduction: Burnout is prevalent among emergency physicians and may cause physicians to
consider leaving the practice of emergency medicine (EM). This study sought to determine whether
there is a gender difference in reporting burnout and seriously considering leaving the specialty of
EM, and secondarily to explore the factors reported as contributing to burnout.
Methods: This was a secondary analysis of the 2014 American Board of Emergency Medicine
Longitudinal Survey of Emergency Physicians. We used multiple logistic regression to determine
which factors were associated with reporting serious consideration of leaving EM, when stratified by
years in practice and adjusting for individual, departmental, and institutional factors.
Results: The response rate was 82%, (n = 868); 22.6% (194) were female and 77.4% (664) were
males; and 83.9% (733) White. The mean age of men responding was significantly higher than
women (52.7±11.9 vs. 44.9±10.4, p<0.001). Overall, there were no significant gender differences in
reporting having had serious thoughts of leaving EM in either unmatched or age-matched analyses.
More women reported that burnout was a significant problem, while men more often were equivocal
as to whether it was a problem. When stratified by years in practice, mid-career women had a sevenfold increase in the odds ratio (OR) of seriously considered leaving EM, compared to men of similar
years in practice (OR 7.07, 95% confidence interval, 2.45-20.39). Autonomy at work, control over
working conditions, fair compensation, personal reward, and a sense of ownership were factors
associated with a lower rate of reporting considering leaving EM.
Conclusion: Our findings suggest that the intention to leave EM is not more prevalent in women.
However, mid-career women more often reported seriously considering leaving the specialty than
mid-career men. Further research on the factors behind this finding in mid-career women in EM is
needed. [West J Emerg Med. 2020;21(5)1131-1139.]
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INTRODUCTION
Burnout, defined as “a state of emotional exhaustion,
depersonalization, and a lack of sense of personal
accomplishment,” is prevalent among physicians.1 In the
medical literature, burnout is often measured using the
Maslach Burnout Inventory (MBI),1 Oldenburg Inventory,2 or
single-item measures of emotional exhaustion and
depersonalization.3 However, prior work on emergency
physicians (EP) demonstrated that self-reported burnout (as
assessed by “have you thought you are experiencing burnout”)
accurately predicted burnout as defined by MBI scores 72% of
the time.4 Burnout in physicians is associated with many
negative effects including decreased job satisfaction,5 an
increase in intention to leave a job,6,7 decreased job
productivity,8 increased medical errors and decreased patient
safety,9,10 and substance use disorders.11 The prevalence of
burnout in attending physicians across medical specialties is
more than twice that observed in the general adult working
population, with EPs reporting one of the highest burnout rates
– between 48-70%.12,13,14
Prior studies reveal gender differences in reported burnout,
with women reporting burnout at higher rates than men, yet
little is known about gender differences in burnout among EPs
specifically.15-21 In one study of internal medicine residency
program directors, women had higher rates of emotional
exhaustion and depersonalization.18 A study of American
surgeons revealed that women suffered from higher rates of
burnout than men and also had higher rates of emotional
exhaustion, a factor that has been shown to be associated with a
desire to leave clinical practice.20 Data on gender differences in
burnout in emergency medicine (EM) is lacking.
Previous studies have shown that older age may be
protective against burnout.22,23,24 Older age has also been
shown to be a positive factor in EP job satisfaction.25 Since
women in EM are often of a younger age and may also have
more non-clinical and family responsibilities,26,27 these factors
may contribute to higher burnout rates among mid-career
women. Mid-career seems to be a particularly vulnerable time
for female physicians.17,28,29,30 Additionally, the notable decline
in women who rise to higher ranks of leadership and seniority
in EM28,31 could be either a contributor to, or a result of,
potentially higher burnout rates for women.
Physicians suffering from burnout are significantly more
likely to leave healthcare6,7,32,33,34, and those who report an
intent to leave is a strong predictor of actual departure.33 Prior
to leaving healthcare, physicians often reduce their work hours
and change their clinical work environment in an attempt to
ameliorate burnout.13 Burnout and the attrition of physicians
from healthcare is quite costly.34,35,36,37 Our primary objective
was to determine whether there is a gender difference in
reported serious consideration of leaving the field of EM. As a
secondary objective, we sought to determine whether
previously identified domains contributing to burnout are
associated with burnout among EPs.
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
There is attrition of women in academic
emergency medicine. Women are less likely to
achieve senior leadership positions or promotions
than their male counterparts.
What was the research question?
Is there a gender difference in reporting burnout
and seriously considering leaving EM?
What was the major finding of the study?
Mid-career women had a seven-fold increased
odds ratio of seriously considering leaving EM,
compared to mid-career men.
How does this improve population health?
Diversity and longevity in the EM workforce are
critical; the factors contributing to mid-career
women seriously considering leaving EM need
exploration.

METHODS
Study Design and Setting
This is a secondary data analysis of the 2014 American
Board of Emergency Medicine (ABEM) Longitudinal Study of
Emergency Physicians (LSEP). The ABEM LSEP is a 36-page
questionnaire that was sent every five years to an ongoing cohort
of EPs, from 1994-2014. A full text of the survey can be found on
the ABEM website.38 This study was approved by the Emory
University Institutional Review Board as an exempt protocol.
Selection of Study Participants
The first LSEP cohort identified in 1994 was selected via a
stratified, random sampling of representative EPs within four
different stages in the development of the specialty ensuring a
representative sample of those who had completed EM residency
and those who had not. Since that time, new cohorts were
identified for inclusion every five years, until the final survey in
2014. Since 1999, all new cohorts are participants of
Accreditation Council for Graduate Medical Education-approved
EM residency programs. For the purpose of this study, all
participants who responded to the 2014 questionnaire were
considered for inclusion into this analysis. Subjects were
excluded if they were not actively engaged in the practice of EM
(ie, considered themselves fully retired), if they did not report
their gender, or if they did not respond to the question “Have you
ever seriously considered leaving the specialty of EM?”, as these
variables were necessary for the primary outcome for this
analysis (Figure 1).
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Study Outcomes and Variables
The primary outcome was to determine whether there was a
gender difference in board-certified EPs having considered
leaving the specialty of EM. To explore this question, we
analyzed the question “Have you ever seriously considered
leaving the specialty of Emergency Medicine” with a
dichotomous answer (Yes/No). Serious consideration of leaving
the specialty was used as a surrogate for burnout. Additionally,
we hypothesized that a greater proportion of women would report
burnout to be a problem in their everyday work experience. To
answer this question, we used the query “How much of a problem
is burnout in your day-to-day work for pay?” with 1 not being a
problem, and 5 being a serious problem (five-point Likert scale).
The secondary outcome was to explore the prevalence of
previously identified domains associated with burnout19,21,39,40,41 in
this cohort of EPs. Specifically, what proportion of survey
respondents who were seriously considering leaving the specialty
of EM self-identified the following burnout domains: 1)
workload: demands of the job exceed capability; 2) lack of
control; 3) lack of perceived reward: more about recognition, less
about salary; 4) lack of community: socially toxic environment,
lack of fairness/equity, lack of respect; and 5) value conflict: a
disconnect between values that give meaning to life and day-today work.42,43
Statistical Analysis
De-identified data were provided to the research team. All

analyses were carried out using STATA, v14.1 (StataCorp,
College Station, TX). We used standard descriptive statistics to
characterize the men and women who completed the survey.
Categorical variables were compared using chi-squared tests,
while we compared continuous variables using analysis of
variance (ANOVA).
Analysis for Decision to Leave Emergency Medicine
To further explore the associations between gender and the
intention to leave EM, we performed unadjusted logistic
regression to determine whether there was an association between
gender and the intention to leave EM. Subsequently, we also
conducted multivariable logistic regression that accounted for
years in practice. In review of the demographics within the
cohort, male respondents were significantly older than the female
respondents. To account for this, we created a 1:1 age-matched
cohort of men and women in EM. Within this cohort, we
explored the association between gender and the intention to
leave EM via unadjusted analysis.
Analysis of Burnout in Day-to-Day Work
To explore burnout, we asked the question “how much of a
problem is burnout in your day-to-day work for pay?” This
question was reported as a five-point Likert scale, and we
determined the proportion of respondents who considered leaving
EM. The five-point Likert scale was then reconfigured into three
categories with 1) burnout is a problem (score of 4 or 5); 2)

34,816
2014 ABEM
Delegates

1,102
2014 LSEP
Participants
220 (20.0%)
Surveys not returned

Excluded: 24
1 retired
13 missing gender
10 missing answer to “Ever
consider leaving EM”

882 (80.0%)
Completed
Surveys

858 Participants (77.9%)
664 Men (77.4%)
194 Women (22.6%)

Figure 1. Flow diagram of participant exclusion in survey of emergency physicians.
ABEM, American Board of Emergency Medicine; LSEP, Longitudinal Study of Emergency Physicians; EM, emergency medicine.
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burnout is not a problem (score of 1 or 2); and 3) ambivalent if
burnout is or is not a problem (score of 3). Using these three
categories, we used ANOVA to test for differences in gender and
burnout. Next, we explored the association between gender and
the decision to leave EM accounting for burnout and duration of
time in practice using multivariate logistic regression.
The secondary objectives of this study were to explore the
prevalence of variables identified as contributors to burnout in
both male and female survey respondents who were
considering leaving EM. These variables included the
following: 1) autonomy at work; 2) compatible colleagues; 3)
control over working conditions; 4) fair compensation; 5)
personal reward; and 6) sense of ownership. The proportion of
men and women who acknowledged the presence of these
conditions in their current positions was reported using
descriptive statistics. We used logistic regression to explore the
association between each domain, gender and “seriously
considering leaving EM” by including interaction terms
between gender and each domain variable.

In all analyses, a p-value of 0.05 was considered statistically
significant. We conducted analyses using STATA v14.1.
RESULTS
The 2014 LSEP surveys were sent to 1102 EPs. A total of
882 physicians responded (80% response rate for all
respondents, 82% for practicing physicians). We excluded 10
participants because they did not answer the primary study
question, “have you seriously considered leaving the specialty
of EM?” An additional 13 participants were excluded for not
reporting their gender. Finally, we excluded one individual
who did not answer any questions pertaining to practice,
which we surmised meant he or she was retired. In total, the
final cohort analyzed was 858 study participants (Figure 1). Of
those included, 22.6% (n = 194) were women and 77.4% (n =
664) were men.
Table 1 describes the differences between the men and
women who responded to this survey. Most notably, women
who responded to the survey were younger than the men who

Table 1. Participant characteristics in the cohort of emergency physicians completing the American Board of Emergency Medicine survey
stratified by gender.
Variable

Women

Men

P-value

44.9 ± 10.4

52.7 ± 11.9

<0.001

White

82.4% (159)

87.2% (574)

0.086

Non-White

17.6% (34)

12.8% (84)

0-1 years

12.3% (20)

3.4% (18)

2-3 years

1.2% (2)

1.1% (6)

4-6 years

22.1% (36)

12.2% (65)

7-10 years

7.4% (12)

6.2% (33)

11-20 years

31.9% (52)

22.1% (118)

21-30 years

16.6% (27)

24.9% (133)

>30 years

8.6% (14)

30.2% (161)

Married

74.7% (145)

88.5% (587)

Divorced/Separated

7.8% (15)

3.9% (26)

Single, cohabitating

5.7% (11)

2.9% (19)

Single, living as single

11.3% (22)

3.9% (26)

Widowed

0.5% (1)

0.8% (5)

1.5 (0, 2)

2.0 (1.5, 3)

Exceptionally healthy

21.7% (42)

25.6% (169)

No health concerns

46.9% (91)

36.7% (242)

Some minor health concerns

28.4% (55)

32.6% (215)

Some serious health concern

3.1% (6)

5.2% (34)

97% (84, 100)

90% (55, 100)

Age (n=853)
Race (n=851)

# years in Emergency Medicine (n=697)
<0.001

Marital status (n=857)

Children

<0.001

<0.001

Current state of health (n=854) (Likert scale 1,2 = health concerns,
3,4 = no concerns)

Clinical practice (n=846)
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were surveyed (44.9 ± 10.4 vs 52.7 ± 11.9, p<0.001), and a
greater proportion of women had been practicing for 10 years
or less in comparison to men (43.0% vs 22.9%). The younger
age and shorter length of time spent in the field of EM was
significant between men and women. The overall cohort was
predominantly White, which did not allow for sufficient
analysis of the effect of race/ethnicity in our findings.
In unadjusted analysis, there was no significant gender
difference in the desire to leave EM (odds ratio [OR] 1.04,
95% confidence interval [CI], 0.74-1.43). Given the notable
difference in age of men and women in our cohort, we used
multivariable logistic regression to explore the association
between gender and serious thoughts of leaving EM when
accounting for years in practice (Table 2). When categorized
into career state (early, mid, late), mid-career women (7-10

Table 2. Multivariable analysis exploring the association between
gender and “seriously considering leaving EM,” stratified by years
in clinical practice.
Variable
Women (vs men)

OR

95% CI

P-value

1.23

0.82-1.84

0.309

Years in practice
0-1 years

REF

2-3 years

1.89

0.30-11.73

0.496

4-6 years

1.12

0.40-3.10

0.829

7-10 years

7.07

2.45-20.39

<0.01

11-20 years

2.61

1.02-6.64

0.045

21-30 years

4.96

1.94-12.70

0.001

>30 years

4.01

1.56-10.30

0.004

EM, emergency medicine; OR, odds ratio; CI, confidence interval;
REF, reference.

years of practice) had a seven-fold increase in the OR of
“seriously considered leaving EM” compared to those in early
stage careers (OR 7.07, 95% CI, 2.45-20.39) (Table 2). This
trend persisted into late-stage career, where women had a
higher likelihood of having serious thoughts about wanting to
leave EM (Table 2). Due to the smaller proportion of women
in the dataset, the CIs were large; nevertheless, we still
observed a trend indicating women had a higher likelihood of
considering leaving the specialty later into their careers in EM.
To account for the marked difference in age of men and
women who responded to the survey, we also created an
age-matched cohort of men and women. The matched cohort
included 374 individuals (187 age-matched female-male
pairs). In this age-matched cohort, the mean age of men and
women was 45.0 ± 10.5 years. In this cohort, there was no
association between gender and seriously considering leaving
EM (OR 1.33, 95% CI, 0.87-2.04).
Among all survey respondents, we hoped to establish an
association between considering leaving the field of EM and
whether the participants reported burnout in their day-to-day
work for pay. We found that an increasing desire to leave the
field of EM was correlated with greater reporting that burnout
heavily affected one’s day-to-day work for pay (Figure 2), and
that the proportion of those reporting they had seriously
considered leaving EM increased as self-reported burnout
increased, with 76% of those in the highest burnout group
reporting that they had considered leaving EM. Table 3 reports
gender-based responses to the question of whether burnout is a
problem, with a higher proportion of women stating it was a
problem in comparison to men (37.3% vs 32.0%, p = 0.013).
Unadjusted, burnout was significantly associated with
seriously considering leaving EM (OR 5.2, 95% CI, 3.657.27). Adjusting for gender did not alter this association
significantly (OR 5.2, 95% CI, 3.68-7.36).

No, I have not seriously considered
leaving EM
Yes, I have seriously considered
leaving EM

Degree to which burnout is a problem in your day to day work
Figure 2. Association between burnout and considering leaving emergency medicine for all respondents (n = 852).
Responses were pooled in a Likert scale of 0,1,2 (burnout is not a problem in everyday work for pay), 3 (ambivalent if it is or is not), 4,5
(burnout is a problem in everyday work for pay).
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Finally, we explored gender differences in the variables
most associated with burnout. Table 4 outlines how frequently
respondents reported having these conditions in their current
work dichotomized by gender. There was no statistically
significant gender difference except for women reporting less
frequently “having control over working conditions” than men
(50.3% vs 62.2%, p = 0.003). In addition, lack of autonomy at
work, fair compensation, personal reward, and sense of
ownership were associated with seriously considering leaving
EM. When respondents reported having these conditions
within their workplace, they were less likely to report having
seriously considered leaving EM.
DISCUSSION
In the population of physicians in this ABEM survey, there
was no significant gender difference in the proportion of
participants who had seriously considered leaving EM in the
overall or age-matched cohort analyses. As of December 2014,
ABEM had 32,238 diplomats: 56% male, 25% female, and 19%
unknown gender (personal communication with ABEM in

Table 3. Self-reported assessment of burnout as a problem stratified
by gender.
Men (n = 656)

Women (n = 193)

Burnout IS NOT a
problem (n=363)

45.4% (298)

33.7% (65)

Burnout IS a
problem (n=282)

32.0% (210)

37.3% (72)

I have no
preference on
if burnout is a
problem or not
(n=204)

22.6% (148)

29.0% (56)

P-value

0.013

August 2018). In addition, we found that overall, 33.2% of all
respondents in this cohort reported that “burnout was a
significant problem in day-to-day work for pay,” which was
lower than that reported in the literature.4,13,44 We found an
association between burnout in day-to-day work for pay and
consideration of leaving EM in both genders with mid-career
women being significantly more likely to indicate that they had
seriously considered leaving EM. Women were more likely to
report that burnout was a significant problem, or that they were
ambivalent as to whether it was or not, while men were more
likely to answer that burnout was not a significant problem.
Finally, we found that women were more likely than men in
this cohort to endorse “lack of control over working
conditions.” The methodology of this study does not allow us to
explain the reason for this observation. It is notable, however,
that women are more likely than men to have a greater number
of home and family responsibilities, and this finding may
actually represent work-home conflict, and the lack of control
over work-home responsibilities related to this conflict. Several
studies have shown that physician and research scientist women
have greater work-home conflict than male peers as they are
often still responsible for a majority of household tasks, child
caring and child rearing, and other unpaid work.26,27,43 Workhome conflict may be part of the reason why women are less
likely to stay in academia and continue to lag behind their male
counterparts in leadership positions and at the associate and
professor ranks.45 In 2015, women made up 37.3% of EM
residents and this number was relatively unchanged as
compared to 2005.46 Women make up 43% of instructors, 37%
of assistant professors, 24% of associate professors, and 17% of
professors in EM.47 Additionally, there is a dearth of female
chairs in EM. A 2015 report using American Academy of
Medical Colleges (AAMC) faculty roster data revealed only 10
female chairs (11%) in EM as compared to 87 male chairs.48

Responses were pooled in a Likert scale of 0,1,2 (burnout is not a
problem in everyday work for pay), 3 (ambivalent if it is or is not),
4,5 (burnout is a problem in everyday work for pay).

Table 4. Availability of various work conditions stratified by gender and the association with “ever seriously considered” leaving emergency
medicine.

Is each of the following work conditions
available in your current position? (Y)

Men

Univariate
association with
leaving EM
OR (all gender)

95% CI

P-value

Autonomy at work (n = 851)

93.8% (180) 93.2% (612)

0.770

0.34

0.20-0.60

<0.001

Compatible colleagues (n = 849)

98.4% (188) 97.7% (643)

0.549

0.59

0.23-1.49

0.262

50.3% (97) 62.2% (407)

0.003

0.49

0.37-0.66

<0.001

Fair compensation (n = 845)

83.9% (162) 87.7% (572)

0.171

0.45

0.30-0.67

<0.001

Personal reward (n = 839)

85.4% (164) 90.3% (584)

0.058

0.33

0.21-0.52

<0.001

Sense of ownership (n = 845)

61.7% (119) 59.8% (390)

0.646

0.48

0.36-0.64

<0.001

Control over working conditions (n = 847)

Women

P-value
(difference
between men
and women)

CI, confidence interval; OR, odds ratio; EM, emergency medicine.
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Similar to prior literature, we found that women in
mid-career practice may be especially vulnerable to
considering leaving EM, compared to men at a similar point in
career.17,30 It is important to consider potential contributors,
and implications of our finding that women at mid-career were
more likely to report having considered leaving EM. Since
mid-career is the time when women often have more childcare
and family responsibilities, such responsibilities may
contribute to burnout. A study by Dyrbye et al found that
mid-career physicians had the lowest satisfaction with their
specialty choice and work-life balance, and had the highest
rates of emotional exhaustion and burnout.30 Additionally,
mid-career physicians were the most likely to plan to leave the
practice of medicine for reasons other than retirement.30
Work-life concerns also prevent women from seeking
promotion and leadership positions.28 The finding that midcareer women are more often considering leaving EM speaks
to the importance of determining and incorporating best
practices for flexibility to support women during this time in
their career. Best practices for supporting women with
family-friendly policies in academic EM have been identified,
including flexible scheduling, emergency back-up childcare
options, and policies that support healthy pregnancies and
lactation areas.49 Ensuring that there is parity in advancement
and compensation between women and men is also essential
for retention of mid-career women.49 Many of these practices
apply to both academic and community EM. If we can retain
more mid-career women, not only will this lead to a more
diverse community of practicing EPs but it will help to
increase the number of women in senior EM ranks and
positions, including at the associate and full professor ranks in
academic EM, and as department leaders.
Historically, burnout was viewed as an individual-level
problem and a sign of personal weakness, and as a result
suggested interventions or modifying factors were focused on
the individual level without consideration of organizational
influences.7 As the body of literature on the prevalence of
physician burnout continues to grow, there has been an
increasing recognition of organizational and environmental
causes for burnout. These causes include bureaucratic tasks
(charting, paperwork), long work hours, electronic health
records, lack of respect,50 insufficient compensation, lack of
control/autonomy, feeling like a cog in a wheel, and profits over
patients.13 Not surprisingly, we found that factors such as lack of
autonomy at work, lack of control over working conditions, and
lack of fair compensation all contributed to burnout, in both
genders. The association between these previously established
domains and our outcome of consideration of leaving EM
supports the validity of our survey question on ever seriously
considering leaving EM. Efforts to minimize these factors that
contribute to burnout can be protective in maintaining the EM
clinical workforce irrespective of gender and should be
addressed in both community and academic settings.

Volume 21, no. 5: September 2020

LIMITATIONS
There are several limitations to our study. First, the
proportion of women in the sample was small (22%), which
may have limited our ability to detect differences by gender.
This is somewhat lower than the national percentage of women
in EM as reported by ACEP (25%), ABEM (25%). (ABEM,
Carmen Swinger, personal communication 11/22/2017), (ACEP
personal communications 5/22/2018). The AAMC Group on
Women in Medicine and Science, reported 37% of academic
faculty in EM in 2015 were women.31 Second, the data only
includes physicians who are currently practicing EM. We were
limited in the conclusions we could draw about physicians who
are no longer practicing or consider themselves fully retired,
and what role burnout may have contributed to their reasons for
leaving clinical practice.
In addition, the interpretation of the results of this survey
is limited by the questions themselves as well as the format of
the questions. This survey did not use a validated measure of
burnout (MBI). Rather, we used the response to the question
“How much of a problem is burnout if your everyday work for
pay,”, and responses were dichotomized to a five-point Likert
scale. This question has not been validated for identifying
burnout but self-reported burnout in EPs has been shown to
correlate with the MBI in a previous study.4 We also
acknowledge that burnout is not a static condition, but rather
often varies over time, as does consideration of leaving EM.
Depending on the current situation at the time of the survey,
the respondents’ recall of ever having considered leaving EM
may vary. Additionally, we acknowledge that there are
non-burnout related reasons that may result in someone
responding in the affirmative to the question of seriously
considering leaving EM.
As mentioned in the discussion, the age of the female
cohort was younger than that of the male cohort. We accounted
for this in our age-matched cohort, leading to a smaller sample
size in the age-matched cohort, and found no difference in
results. Finally, we were not able to perform any analysis related
to minorities, given the very small number of respondents who
identified as under-represented minorities (11% total).
CONCLUSION
Mid-career women were more likely to have ever seriously
considered leaving EM than mid-career men. Women were more
likely to report that burnout was a significant problem in their
day-to-day work for pay, while men were more likely to be
ambivalent, or report that it was not a significant problem.
Identifying and addressing the various factors that contribute to
burnout and intention to leave the field of EM is critical, and
emphasizing gender differences in these factors is necessary for
retention and advancement. Mid-career women represent a
particularly vulnerable group for increased rates of burnout and
intention to leave the practice of EM, and intentional
programming to support and promote this cohort is warranted.
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Introduction: Tetanus vaccination status is an important consideration for emergency physicians
managing patients with tetanus-prone wounds. Physicians must identify at-risk patients, but
vaccination histories are often unknown and commonly lack documentation. The study objective
was to determine the potential impact of an online immunization registry (Florida SHOTS – State
Health Online Tracking System) on the appropriate administration of tetanus prophylaxis for pediatric
patients managed in the emergency department (ED).
Methods: We conducted a retrospective review of all patients less than 18 years old who received
ED tetanus prophylaxis at two separate sites between January 2011–May 2015. The Florida SHOTS
database was accessed to determine vaccination status for each patient in the study group at the
time of the encounter. We compared vaccination status for each patient, as documented in the
electronic health record (EHR), with Florida SHOTS data to determine whether tetanus prophylaxis
was indicated. The proportion of patients receiving tetanus prophylaxis in the ED, who were
subsequently identified as up to date with tetanus vaccination per Florida SHOTS, was determined.
Results: We identified 743 patients who received ED tetanus prophylaxis. Forty-three (6%) were
listed as “up to date” on the EHR and 656 (93%) were listed as “not up to date.” In comparison,
209 (30%) of the study group were identified as “up to date” via Florida SHOTS, and 477 (70%)
were not. We accessed the Florida SHOTS record retrospectively to determine whether the vaccine
was required. It was determined that 174 (25%) of the patients received tetanus prophylaxis
unnecessarily as they were already up to date per Florida SHOTS documentation.
Conclusion: Twenty-five percent of patients vaccinated for tetanus in the ED could have been
spared if Florida SHOTS data had been used by providers at the time of the encounter. Access to
Florida SHOTS provides valuable information regarding vaccination status that impacts patient care
and resource utilization in the ED. [West J Emerg Med. 2020;21(5)1140-1146.]

INTRODUCTION
Tetanus is a life-threatening disease caused by the
bacterium Clostridium tetani. Mortality is high in those who are
not immunized and do not receive treatment. Thankfully, it is
now rare in the developed world due to tetanus vaccination
Western Journal of Emergency Medicine

programs. Widespread use of tetanus-toxoid containing
vaccines and tetanus immune globulin (TIG) for wound
management has led to a 95% decline in the number of tetanus
cases and a 99% decrease in the number of tetanus-related
deaths since the 1940s.1 However, to achieve and maintain
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appropriate immunization status, children must receive the
complete primary series of tetanus vaccinations and subsequent
booster vaccinations as indicated. Currently, the US Centers for
Disease Control and Prevention (CDC) recommend that the
DTaP (diphtheria, tetanus, and acellular pertussis vaccine) be
given as a 5-dose series at ages 2, 4, and 6 months, as well as at
ages 15-18 months and 4-6 years. Tdap (tetanus, diphtheria, and
pertussis) is administered at 11-12 years of age. Following that,
a Td booster should be given every 10 years.
In the emergency department (ED), it is recommended to
give the tetanus vaccine under the following conditions: if
tetanus vaccine status is unknown; if the patient has had less
than three doses (would also receive TIG for dirty wound), or if
the patient has had at least three doses but it has been over five
years since the last dose (10 years for “clean” wound; but of
note, most wounds are considered “dirty wounds” in the ED).1
Tetanus vaccination status is an important consideration for
emergency physicians (EP) managing pediatric patients with
tetanus-prone wounds. EPs must decide which patients are at
risk for tetanus based on their vaccination status; however,
vaccination histories are often unknown by parents and/or
caretakers and commonly lack documentation.2 A recent study
suggests that multiple formulations of tetanus vaccinations and
fragmented documentation of immunizations increase the
prevalence of medication errors related to tetanus vaccinations.3
Most of the literature surrounding ED tetanus vaccination
demonstrates inaccuracies of judgment of patients’ tetanus
vaccination status. A recent pediatric study in Utah showed that
providers incorrectly assessed tetanus vaccination status 8.8% of
the time.4 Of these, 85% (7.4% of the entire group) were
incorrectly identified as being up to date. Therefore, if they had a
clinical indication for the tetanus vaccine, providers would have
missed giving it. A longitudinal study in Taiwan following
770,000 adult patients over eight years discovered that more than
160,000 unnecessary tetanus boosters were given.5
In an effort to provide all practitioners with access to
up-to-date vaccination records, the CDC has supported
initiatives to develop local and state immunization registries.
The CDC reports that every state in the union is either
developing or operating a state or regional immunization
registry. Florida SHOTS (State Health Online Tracking
System) is a free, statewide, centralized online vaccination
registry, which was created in 2003. The registry is an online
Health Insurance Portability and Accountability Act (HIPAA)exempt immunization registry available to all healthcare
providers (Florida Statute, Section 456.057). Once an account
is set up, the database is easily accessible to medical personnel
in the ED as well as in outpatient clinics. This is a centralized
database tracking vaccine administration, which can be
accessed easily by healthcare providers, as opposed to
individual hospital or clinic EHRs, which may or may not
communicate with each other.
Presumably, utilization of a state immunization registry
would allow ED providers to correctly identify a patient’s
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Emergency physicians must assess a patient’s
need for tetanus prophylaxis, but often the
patient’s vaccine status is unknown.
What was the research question?
Can an online immunization registry improve
the accuracy of determining a patient’s tetanus
vaccine status in the ED?
What was the major finding of the study?
25% of patients could have been spared the
tetanus vaccine if the immunization registry
had been used.
How does this improve population health?
If an immunization registry were implemented
in the ED, the costs of redundant tetanus
vaccines to both the patient and the system
could be saved.

vaccination status. Reliably determining a patient’s
vaccination status could potentially reduce unnecessary
tetanus vaccine administration in patients with tetanus-prone
wounds. Our objective was to determine whether use of an
online immunization registry would impact the provision of
tetanus prophylaxis for pediatric patients managed in the ED.
METHODS
We designed this study to retrospectively review the EHR of
pediatric patients who received tetanus vaccination in the ED and
compare the data from Florida SHOTS on vaccination status to
determine whether vaccination was indicated at the time of
presentation to the ED. The institutional review boards at both
facilities approved this retrospective review to be conducted.
Trained research assistants performed chart review and
data entry. We used the REDCap (Research Electronic Data
Capture) application to store data in order to retrospectively
review the EHR of all pediatric patients who received a
tetanus vaccine in the ED from January 1, 2011–May 31,
2015. This also included the patients for whom the tetanus
vaccine was ordered but who received it after leaving the ED
(on the floor or in the intensive care unit). This included all
forms of tetanus vaccines given to pediatric patients under age
18, including DTaP, DT, Dtap/Hepatitis B/Polio (Pediarix),
Td, Tdap, and tetanus toxoid. Children who did not receive a
tetanus vaccine (including those for whom it may have been
indicated) were excluded due to the method of data extraction
(children who received the vaccine).
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We conducted the study at two EDs in Florida, located
about 70 miles from each other. Both EDs are located within
academic institutions, and there are approximately 20,00025,000 pediatric visits to each site annually. Variables
collected for patients included age, gender, chief complaint,
insurance status, primary care provider, and registration status
in Florida SHOTS. The Florida SHOTS database was accessed
to determine vaccination status at the time of the ED visit.
This was compared to documentation about vaccination status
in the hospitals’ EHRs. Of note, the EHR vaccination status
was obtained from the immunization tab, which can be
updated by physicians and/or nurses at any time, at any visit to
the hospital or a clinic within the same system. Both nursing
documentation and physician documentation about tetanus
vaccination status were also examined by reviewing the notes
in the EHR.
We performed descriptive statistics to summarize
demographic variables. Documentation of the pediatric
patients’ vaccination status in both the EHR and Florida
SHOTS at the time of ED encounter were reported in
frequencies and percentages. We performed all data analysis
using SAS version 9.4 software (SAS Institute, Cary, NC).

RESULTS
We identified 703 patients who received some form of
tetanus prophylaxis in the ED. Of those patients, 438 (62.3%)
were seen at the first site, and 265 (37.7%) were seen at the
second site. Seventy percent of all patients were male, and the
median age was 12.4 years old. Fifty-three percent were White,
and 38% were Black; 58% were Medicaid patients, and 10%
were self-pay. Sixty percent of the patients reportedly had a
“delayed” vaccination schedule, according to the EHR. Most of
the chief complaints fell into the category of laceration/wound/
puncture (73%), and the remaining complaints were burns,
trauma, and other. The EHR documented that 487 patients
(70%) had a primary care provider (PCP), 175 (25%) did not,
and 37 (5%) were unknown. This relates to our data because if a
PCP is reported, immunization data is more likely to be
documented in the online vaccination registry. The primary care
physician’s office is typically responsible for updating the
vaccination registry. In this group of 703 patients, only 2.5%
(18 children) were not registered in Florida SHOTS. The
demographics are summarized below in Table 1.
When discussing the results, “up to date” indicates that the
child’s tetanus vaccination status was current, and the tetanus

Table 1. Demographic characteristics of pediatric patients receiving the tetanus vaccine in the emergency department.
Variables
Age (years), median (IQR)

Site 1 (n = 438)

Site 2 (n = 265)

Total (n = 703)

11.70 (8.60)

14.40 (6.35)

12.4 (6.9)

Male

299 (68.26)

191 (72.08)

490 (69.7)

Female

139 (31.74)

74 (27.92)

213 (30.3)

White

288 (66.06)

83 (31.32)

371 (52.92)

Black

104 (23.85)

161 (60.75)

265 (37.8)

44 (10.09)

21 (7.93)

65 (9.28)

226 (51.6)

185 (69.81)

411 (58.46)

161 (36.76)

44 (16.6)

205 (29.16)

Self-Pay/Charity

41 (9.36)

26 (9.81)

67 (9.53)

Other

10 (2.28)

10 (3.77)

20 (2.84)

Gender, Number (%)

Race, Number (%)

Other (Hispanic, Asian, Native American,
Multiracial)
Payer Status, Number (%)
Medicaid
Commercial

Chief Complaint, Number (%)
Burn

25 (5.72)

6 (2.26)

31 (4.42)

305 (69.79)

205 (77.36)

510 (72.65)

55 (12.59)

22 (8.3)

77 (10.97)

52 (11.9)

32 (12.08)

84 (11.97)

Yes

327 (75.35)

160 (60.38)

487 (69.67)

No

105 (24.19)

70 (26.42)

175 (25.04

2 (0.46)

35 (13.21)

37 (5.29)

Laceration, Wound, Puncture
Trauma Alert (Activated Level 1 or Level 2)
Other
Does patient have a primary care provider?
Number (%)

Unknown
IQR, interquartile range.
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vaccine was not indicated during the ED visit; thus, the vaccine
was unnecessarily administered. “Not up to date” means that the
tetanus vaccine was indicated and thus, appropriately
administered. As stated previously, all the children in the study
received the tetanus vaccine in the ED (except for 15 of the
patients, or about 2%, who were given the vaccine subsequently
during the hospitalization after it was ordered in the ED).
Interestingly, we collected data from both the nursing notes
as well as the physician notes in the EHR. Nursing
documentation reported 481 (69%) patients were “up to date,”
90 (12%) were “not up to date,” and 129 (18%) were
“unknown.” Physician documentation reflected 85 (12%) as “up
to date,” with 383 (54%) as “not up to date,” and 234 (33%) as
“unknown.” The breakdown by site was similar to the overall
results. The reasons for these differences are unclear, but it
highlights the issue of discrepancies in obtaining the vaccination
status of patients in the ED and the need for a vaccination
registry with more accurate information.
We examined whether the Florida SHOTS data (patient’s
entire vaccine record) appeared in the EHR at the time of the ED
visit. It was not present in 386 (56%) of the records, but 303
(44%) did contain the complete Florida SHOTS data in the EHR.
There was a large discrepancy between sites: Site 1’s EHR
contained the Florida SHOTS data only 25% of the time, while
Site 2’s EHR contained the Florida SHOTS data 75% of the time.
We also reviewed whether the tetanus vaccine given in the ED
was documented in the Florida SHOTS record: 281 (41%) of the
Florida SHOTS records did not contain documentation of the
tetanus vaccine given in the ED, and 410 (59%) did contain the
vaccine administered in the ED. Again, there was wide variability
here with Florida SHOTS containing documentation of the
tetanus vaccine given at Site 1 only 50% of the time, whereas it
documented those given at Site 2 73% of the time.
The EHR review reflected that 43 (6%) of patient
records were listed as “up to date” and 656 (93%) patient
records were listed as “not up to date,” thus requiring a
tetanus vaccine. When comparing Florida SHOTS data, 209
(30%) patients were listed as “up to date” (not requiring
vaccine), and 477 (70%) were “not up to date” (did require
vaccination). Of the 209 patients who were listed as “up to
date” in Florida SHOTS, only 35 of them were documented
as being “up to date” in the EHR as well. This means that
174 (25% of the entire patient population) patients were
documented as “up to date” in Florida SHOTS but as “not up
to date” in the EHR. These patients likely received the
tetanus vaccine unnecessarily. This data is shown by site in
Table 2, and the summary data is outlined in Table 3 below.
It is important to note that patients for whom the tetanus
vaccination status was missing from the EHR and/or Florida
SHOTS were marked as “not up to date.”
DISCUSSION
As mentioned above, in this group of 703 patients, only
2.5% of the patients (18 children) were not registered in
Volume 21, no. 5: September 2020

Florida SHOTS. These patients may not have been Florida
residents. The other 97.5% of the children registered in
Florida SHOTS had the potential to benefit from the
vaccination registry. About 70% of the children were noted
to have a PCP. This is significant because the PCP’s office is
the primary site where data is documented into Florida
SHOTS. There was a slight discrepancy between the sites:
75% of the patients at Site 1 had a PCP, while only 60% at
Site 2 had a PCP.
As mentioned above, EHR documentation showed that 43
(6%) patient records were listed as “up to date” and 656 (93%)
patient records were listed as “not up to date,” thus requiring a
tetanus vaccine. It is unclear why the patients in the group of
43 (6%) were administered a tetanus vaccine when the EHR
indicated that they were already up to date. One reason this
may have occurred is that the risk of the injury may have been
so great that an additional vaccine was administered due to the
high concern for developing tetanus. Additionally, it is
possible that the tetanus vaccine was given during the initial
trauma resuscitation, prior to family members arriving to
provide the vaccine history.
According to Florida SHOTS records, the tetanus
vaccine was indicated and administered appropriately to the
majority of the pediatric patients who received the tetanus
vaccine in our ED settings (70%). However, almost a third of
the patients studied may have received the vaccine
unnecessarily. Additionally, there were several discrepancies
between the EHR and Florida SHOTS records. There were
even larger discrepancies between nursing and physician
documentation within the EHR. For patients who received
the vaccine unnecessarily, there were likely multiple factors
that led to the vaccine unnecessarily being administered.
This may include the non-utilization of Florida SHOTS at
the time of administration. Florida SHOTS does require a
login, and while the nurses in the primary care clinics
routinely access this resource, the ED nurses may not have
access or be appropriately trained to access Florida SHOTS.
Additionally, the ED is inherently busy, so time was likely a
factor for both nurses and physicians deciding to access
Florida SHOTS. In the academic hospital settings for this
study, there are also multiple residents from different
backgrounds (pediatrics, emergency medicine [EM], family
medicine), and not all of them have access to Florida
SHOTS, which would also have contributed to their inability
to verify immunization status. Pediatric residents who also
work in the pediatric continuity clinics have access to
Florida SHOTS. However, the EM and family medicine
residents did not have access.
It is also important to note that 40% of these patients
who received the tetanus vaccine in the ED never had their
Florida SHOTS records updated to reflect this. The ED
providers do not routinely update Florida SHOTS with
immunizations provided in the ED. It is therefore up to the
PCP’s office to complete this task. However, many patients
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Table 2. Comparison of tetanus vaccination status in the electronic health record and Florida SHOTS for the pediatric patients receiving
the tetanus vaccine by site.
Site 1 (n = 438)

Site 2 (n = 265)

Total (n = 703)

According to EHR tetanus dates, did the patient need a
vaccination? Frequency (Percentage)
No (Up to date)

39 (8.99)

4 (1.51)

43 (6.15)

395 (91.01)

261 (98.49)

656 (93.85)

No (Up to date)

159 (36.81)

50 (19.69)

209 (30.47)

Yes (Not up to date)

273 (63.19)

204 (80.31)

477 (69.53)

289 (66.44)

192 (72.45)

481 (68.71)

Yes (Not up to date)
According to Florida SHOTS tetanus dates, did the patient need a
vaccination? Frequency (Percentage)

Immunization status - per nursing documentation Frequency
(Percentage)
Up to date
Not up to date

75 (17.24)

15 (5.66)

90 (12.86)

Unknown

71 (16.32)

58 (21.89)

129 (18.43)

Immunization status (per physician documentation)
Up to date

72 (16.48)

13 (4.91)

85(12.11)

Not up to date

171 (39.13)

212 (80)

383(54.56)

Unknown

194 (44.39)

40 (15.09)

234(33.33)

Was tetanus vaccination given in the ED? Frequency (Percentage)
No

15 (3.43)

Yes

0

15 (2.14)

422 (96.57)

265 (100)

687 (97.86)

85 (19.77)

18 (6.79)

103 (14.82)

Tetanus vaccine type given in ED, Frequency (Percentage)
DTaP
DT

4 (0.93)

6 (2.26)

10 (1.44)

DTap, Hepatitis B, Polio (Pediarix)

2 (0.47)

10 (3.77)

12 (1.73)

16 (3.72)

40 (15.09)

56 (8.06)

286 (66.51)

191 (72.08)

477 (68.63)

Td
Tdap
Tetanus Toxoid (Booster)

37 (8.6)

0

386 (56.02)

Does the Florida SHOTS vaccination data appear on the EHR
Immunizations record? Frequency (Percentage)
No

319 (75.06)

67 (25.38)

386 (56.02)

Yes

106 (24.94)

197 (74.62)

303 (43.98)

211 (49.53)

70 (26.42)

281 (40.67)

Does the vaccination from the date of ED encounter appear on
Florida SHOTS? Frequency (Percentage)
No

Yes
215 (50.47)
195 (73.58)
410 (59.33)
EHR, electronic health record; Florida SHOTS, Florida State Health Online Tracking System; ED, emergency department; D, diphtheria;
T, tetanus; aP, acellular pertussis. The case indicates amount of each ingredient in the vaccine.

do not have a PCP or may not follow up with them after an
ED visit. If they do follow up, they may forget to report that
they received the vaccine, especially if it is not noted in their
discharge paperwork. This is important because these
patients may then receive the vaccine in the PCP’s office
when the booster was previously scheduled to be due, or if
they sustain another injury, they may again receive the
vaccine in the ED unnecessarily.
Western Journal of Emergency Medicine

Over 30% of patients receiving the tetanus vaccine in
error translates to major costs for both the patients and the
hospitals. The pediatric population is especially sensitive to
painful injections and often requires extra measures, such as
involving child life specialists to make the experience less
traumatic. They may require an extra person to help hold them
while the injection is being administered. Besides requiring
the extra attention from busy ED personnel, each medication
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Table 3. Overall comparison of tetanus vaccination status in the electronic health record and Florida SHOTS for the pediatric patients
receiving the tetanus vaccine.
According to FL SHOTS tetanus dates, did the patient need a vaccination?
Frequency (Percentage)
According to EMR Tetanus Dates, did the
patient need a vaccination? Frequency
(Percentage)

No/Up to date

Yes/Not up to date

Total

35 (5.10)

8 (1.17)

43 (6.27)

Yes/Not up to date

174 (25.36)

469 (68.37)

643 (93.73)

Total

209 (30.46)

477 (69.54)

686 (100)

No/Up to date

P-value
<0.001

Note: p-value was calculated using chi-square test.
EHR, electronic health record; SHOTS, State Health Online Tracking System.

administered comes with a monetary cost. Compared to
outpatient costs for medications and vaccines, costs in the ED
are substantially higher. These costs may not be covered by
insurance, and they can add to the family’s financial burden.
Since the completion of this study, the EHR integrated
Florida SHOTS directly into its immunizations section so that
the Florida SHOTS records are automatically updated in the
EHR when accessed. This will likely decrease the
discrepancies between the EHR and Florida SHOTS and
possibly decrease rates of inappropriate administration of the
tetanus vaccine. This change was made in 2017; so it would be
interesting to examine the data after another 1-2 years.
Interestingly, a prospective adult study in Rome
comparing patients’ memory to a rapid
immunochromatographic test (Tetanus Quick Stick
[Nephrotek Lab, Rungis, France) found that the TQS was
able to save unnecessary tetanus vaccines 57% of the time.6
A similar study of 200 adults showed that almost 40% of
them had incorrect recall of their tetanus vaccination
status.7 However, one contrasting adult study in France did
find that patients self-reported that their tetanus vaccines
were up to date correctly about 96% of the time.8 It may be
interesting to pursue a prospective study in the pediatric
ED comparing patients’/parents’ memories, EHR, and state
vaccination registry to a tetanus rapid
immunochromatographic test.
LIMITATIONS
A limitation of this study was that only the medical
records of patients who received the tetanus vaccine during
their ED visit/hospitalization were reviewed. Therefore, we
did not examine cases of children in which the tetanus vaccine
may have been indicated but was not provided. This was a
result of the selection of cases from the EHR by those for
whom the tetanus vaccine had been ordered in the ED.
Another limitation of the study was its retrospective design. A
few patients were missing some of the data points because
they were not recorded in the EHR (three patients were
missing nursing documentation of tetanus status, and one was
Volume 21, no. 5: September 2020

missing physician documentation). However, this is unlikely
to have significantly affected the results. Also, it was not
possible to determine with certainty why the discrepancies
existed between the EHR and Florida SHOTS or even
between the various medical personnel (nurses, physicians)
taking care of the patient.
CONCLUSION
This retrospective review of the electronic health records
and the state vaccination registry of 703 pediatric patients seen
at two EDs between 2011–2015 showed that 25-30% of them
received tetanus prophylaxis when it was not indicated. Access
to Florida SHOTS provides valuable information regarding
vaccination status that impacts patient care and resource
utilization in the ED. If the physicians and/or nurses were
readily able to access the vaccination registry from the ED, the
costs of the tetanus vaccine to the patient and system could be
saved. In 2017 (after the conclusion of this study), Florida
SHOTS was incorporated directly into the hospital’s EHR. This
will likely decrease the number of patients receiving the tetanus
vaccine unnecessarily. It would be interesting to review the data
again after this change was implemented.

Address for Correspondence: Janelle McCall, MD, University of
Texas Southwestern, 1935 Medical District Drive, Dallas, Texas
75235. Email: Janelle.McCall@UTSouthwestern.edu.
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: © 2020 Zeretzke-Bien 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/

1145

Western Journal of Emergency Medicine

Zeretzke-Bien et al.

Online Vaccination Registry to Confirm Tetanus Status in Children
REFERENCES

double-blind study. Ann Ig. 2015;27(2):467-74.
7. McVicar J. “Should we test for tetanus immunity in all emergency

1. Blain A, Tiwari T (2017). Tetanus. In: Manual for the Surveillance of

department patients with wounds?” Emerg Med J. 2013;30(3)177-9.

Vaccine-Preventable Diseases. Atlanta, GA: US Department of

8. Auffret Y, Rousseaux JY, Gatineau F, et al. Should we believe

Health and Human Services, CDC; 2017.

emergency department patients self-reported tetanus vaccine status?

2. Eppert, H. Disease prevention update: tetanus toxoid, reduced

Am J Emerg Med. 2019;37(5):983-90.

diphtheria toxoid, and acellular pertussis: who, what, when, why and

9. Kretsinger K, Broder KR, Cortese MM, et al. Preventing tetanus,

how? J Emerg Nurs. 2010;36(2):122-4.

diphtheria, and pertussis among adults: use of tetanus toxoid,

3. Fletcher M, Rankin S, Sarangarm P. The effect of pharmacy-driven
education on the amount of appropriately administered tetanus vaccines

reduced diphtheria toxoid and acellular pertussis vaccine

in the emergency department. Hosp Pharm. 2019;54(1):45-50.

recommendations of the Advisory Committee on Immunization
Practices (ACIP) and recommendation of ACIP, supported by the

4. Drapkin Z, Madsen TE, Weaver N, et al. Accuracy of parentalreported tetanus vaccination status for children with lacerations.

Healthcare Infection Control Practices Advisory Committee

Pediatr Emerg Care. 2019. In press.

(HICPAC), for use of Tdap among health-care personnel. MMWR
Recomm Rep. 2006;55(RR-17):1-37.

5. Liu SW, Huang LC, Chung WF, et al. Tetanus vaccination and

10. McConnochie KM, Roghmann KJ. Immunization opportunities missed

extra-immunization among adult populations: eight-year follow up

among urban poor children. Pediatrics. 1992;89(6.1):1019-26.

cohort study of 771,443 Adults in Taiwan, 2006-2013. Int J Environ

11. Meissner C. How much do you know about tetanus? 2015. Available

Res Public Health. 2018;15(8):1622.

at: https://www.aappublications.org/content/36/4/8.1. Accessed

6. Orsi GB, Modini C, Principe MA, et al. Assessment of tetanus
immunity status by tetanus quick stick and anamnesis: a prospective

Western Journal of Emergency Medicine

1146

September 27, 2016.

Volume 21, no. 5: September 2020

Original Research

A Method for Grouping Emergency Department Visits by
Severity and Complexity
B. Jason Theiling, MD*
Kendrick V. Kennedy, MD*
Alexander T. Limkakeng Jr., MD*
Pratik Manandhar, BA†
Alaatin Erkanli, PhD†
Stephen R. Pitts, MD‡

*Duke University School of Medicine, Department of Emergency Medicine, Durham,
North Carolina
†
Duke University School of Medicine, Department of Biostatistics and Bioinformatics,
Durham, North Carolina
‡
Emory University School of Medicine, Department of Emergency Medicine,
Atlanta, Georgia

Section Editor: Stormy Monks, PhD, MPH
		
					
Submission history: Submitted August 9, 2019; Revision received April 30, 2020; Accepted June 19, 2020
Electronically published August 21, 2020
Full text available through open access at http://escholarship.org/uc/uciem_westjem 		
DOI: 10.5811/westjem.2020.6.44086

Introduction: Triage functions to quickly prioritize care and sort patients by anticipated resource
needs. Despite widespread use of the Emergency Severity Index (ESI), there is still no universal
standard for emergency department (ED) triage. Thus, it can be difficult to objectively assess
national trends in ED acuity and resource requirements. We sought to derive an ESI from National
Hospital Ambulatory Medical Care Survey (NHAMCS) survey items (NHAMCS-ESI) and to assess
the performance of this index with respect to stratifying outcomes, including hospital admission,
waiting times, and ED length of stay (LOS).
Methods: We used data from the 2010-2015 NHAMCS, to create a measure of ED visit complexity
based on variables within NHAMCS. We used NHAMCS data on chief complaint, vitals, resources
used, interventions, and pain level to group ED visits into five levels of acuity using a stepwise
algorithm that mirrored ESI. In addition, we examined associations of NHAMCS-ESI with typical
indicators of acuity such as waiting time, LOS, and disposition. The NHAMCS-ESI categorization
was also compared against the “immediacy” variable across all of these outcomes. Visit counts used
weighted scores to estimate national levels of ED visits.
Results: The NHAMCS ED visits represent an estimated 805,726,000 ED visits over this time
period. NHAMCS-ESI categorized visits somewhat evenly, with most visits (42.5%) categorized as a
level 3. The categorization pattern is distinct from that of the “immediacy” variable within NHAMCS.
Of admitted patients, 89% were categorized as NHAMCS-ESI level 2-3. Median ED waiting times
increased as NHAMCS-ESI levels decreased in acuity (from approximately 14 minutes to 25
minutes). Median LOS decreased as NHAMCS-ESI decreased from almost 200 minutes for level 1
patients to nearly 80 minutes for level 5 patients.
Conclusion: We derived an objective tool to measure an ED visit’s complexity and resource use.
This tool can be validated and used to compare complexity of ED visits across hospitals and regions,
and over time. [West J Emerg Med. 2020;21(5)1147-1155.]

INTRODUCTION
In the current practice of emergency medicine, triage
functions to quickly prioritize care and sort patients by
anticipated resource needs. While the goal of accurate
Volume 21, no. 5: September 2020

prioritization is direct improvement in the quality of care of
individuals, the intention of predicting resource utilization is
to streamline emergency department (ED) operations without
causing harm. The second goal has become increasingly
1147
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important as the number of ED visits continues to rise,
hospitals function under reduced available capacity, and
reliance on the ED as the safety net of hospital systems
increases.1 This dual function of ED triage was proposed
by Wuerz, who pioneered a five-level Emergency Severity
Index (ESI).2 Several studies have evaluated ESI’s reliability
and validity.2-10 Other five-level triage schemes have been
developed outside the United States: the Canadian Triage and
Acuity Scale (CTAS),11-12 and the Australasian Triage Scale
(ATS).13 Both CTAS and ATS assign each triage level a target
“time to be seen,” which in turn allows comparisons between
sites on the basis of compliance with these targets. The ATS is
unique in explicitly accepting a third role as a data source for
describing case-mix to generate the adjusted estimates of ED
visit characteristics that inform national policy.12
Comparing ED performance and ED visit characteristics
is more problematic in the US. Despite geographic variation
in important ED characteristics (eg, the proportion of safetynet visits,14 population-based ED visit rates,15 and hospital
admission rates16) there is still no national mandated standard
for categorizing the acuity and resource complexity of ED
visits. Central to the ESI system is the idea of “immediacy,” a
marker of how acutely ill a patient is believed to be and thus
how “immediately” they may need to be seen. Unfortunately,
because of the continued widely disparate triage procedures
and non-response in surveys, adjustment of ED data on the
basis of the “immediacy” item alone is potentially biased and
may ignore the dimension of care complexity. Additionally,
the acuity or “immediacy” of a patient, as denoted by ESI,
often does not linearly correlate with resource utilization
during that ED visit.
The purpose of this study was to evaluate the
“immediacy” variable in existing National Hospital
Ambulatory Medical Care Survey (NHAMCS) survey data,
and to create a practical alternative method for grouping
ED visits by both acuity and resource complexity in a
manner analogous to the ESI. To minimize data loss we
sought to derive an ESI from NHAMCS survey items with
low frequencies of item non-response. We assessed the
performance of this index with respect to several outcomes,
including hospital admission, waiting time, and overall ED
length of stay (LOS).
This study uses the combined 2010–2015 ED
components of the NHAMCS.16 The NHAMCS is a
probability sample of US hospital EDs and outpatient
departments conducted annually since 1992. It is one of a
family of healthcare surveys performed by the Centers for
Disease Control and Prevention’s (CDC) National Center
for Health Statistics (NCHS). The US Census Bureau is
responsible for field operations and data collection. Although
one of its data items is currently a five-level item called
“immediacy with which patient should be seen,” with
additional checkboxes for “no triage” and “unknown,” other
measures of urgency have been abstracted from ED charts
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Triaging prioritizes care and sorts patients
by anticipated resource needs. Despite
widespread use of the Emergency Severity
Index (ESI), no universal standard exists.
What was the research question?
Derive an ESI tool from a national survey item
and assess the performance of this index with
respect to stratifying outcomes.
What was the major finding of the study?
This tool can be used to compare complexity
of ED visits across hospitals and regions, and
over time.
How does this improve population health?
ESI may not reflect resource needs in linear
fashion. Our tool helps to compare data across
regions and time periods.

in the past. From 1992–1996 the survey captured a highly
subjective two-level “Urgent/emergent vs. Non-urgent”
item, which led to the widely cited and heavily criticized
conclusion that “55% of ED visits are non-urgent.”17 In
1997 this item was replaced by a four-level variable to
capture more degrees of immediacy, each succeeding level
associated with a progressively longer target “time to be
seen.” In 2005 “immediacy” was promoted to the current
five-level item, each level again associated with target times.
METHODS
The NHAMCS is a four-stage probability sample, sampled
in the following sequence: 1) 112 geographic primary sampling
units of approximately county size; 2) probability sample of
nonfederal, short-stay, general hospitals with EDs or outpatient
departments or both, within the sampled primary sampling units,
selected from a publicly available database of all US hospitals; 3)
emergency service areas within 24-hour EDs and clinics within
outpatient departments; and 4) a sample of about 100 visits within
the selected EDs or outpatient departments during a randomly
assigned four-week reporting period throughout the year. We
limited our analysis to the ED component of NHAMCS and
downloaded data from the NHAMCS website (ftp://ftp.cdc.gov/
pub/Health_Statistics/NCHS/Datasets/NHAMCS). Hospital staff
were asked to complete a patient record form (PRF) for a sample
of visits during a four-week reporting period, from which the
data were abstracted and coded. The NHAMCS was approved by
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Duke University Insitutational Review Board. A report published
elsewhere describes the plan and operation of the NHAMCS in
greater detail.17 Unless otherwise noted, all estimates in this report
are weighted to give national estimates. We considered estimates
based on an unweighted count of less than 30 to be unreliable.

upon or shortly after presentation. Thus, ESI-N uses the
presenting complaint rather than the final diagnosis as the main
component. For NHAMCS-ED, this complaint is abstracted
directly from the actual ED chart into up to three free-text entry
fields on the PRF. The PRFs are then batched, and the handwritten text is converted to standard codes by the Constella
Group, Inc. (Durham, NC). According to the reason for visit
classification for ambulatory care (RVC), there is a very low
rate (<1%) of nonresponse. Additionally, vital signs have been
recorded since 2001 and can be used to modify triage class
just as the ESI does. Vital signs are not obtained on every visit,

Creating The NHAMCS-ESI Index
We based the NHAMCS-ESI (ESI-N) on the published
ESI,2 but used only variables available in NHAMCS (Table
1). Since ESI and other tools are used in the initial triage
process, they are dependent on data available immediately

Table 1. Illustrates in detail the procedure we used to derive Emergency Severity Index levels, specifying variable names and values
taken from naming conventions in NHAMCS-ED* input programs for public use files.18
Patient conditions

Variable name

Occurrences

Dead on arrival (RFV code)

RFV1-RFV3

12

Respiratory arrest

RFV1-RFV3

17

Cardiac arrest

RFV1-RFV3

140

Cardiopulmonary arrest

RFV1-RFV3

21

Unconscious on arrival

RFV1-RFV3

860

DOA

50

Pulse ≤50 and age >25

PULSE; AGE

793

Endotracheal intubation

ENDOINT

373

CPR

225

Level 1

Dead on arrival (checkbox)

Cardiopulmonary resuscitation
Systolic blood pressure ≤80 and Age >25

BPSYS; AGE

324

Any of level 1 criteria

2,365

% of total weighted (95% CI)

1.4 (1.3, 1.5)

Level 2 (if not in level 1)
Fainting (Syncope)

RFV1-RFV3

1,689

Hostile behavior

RFV1-RFV3

536

Neurological weakness or speech difficulty

RFV1-RFV3

488

Shortness of breath/breathing problem

RFV1-RFV3

10,339

Gastrointestinal bleeding

RFV1-RFV3

109

Retention of urine

RFV1-RFV3

472

Sepsis, septicemia

RFV1-RFV3

32

Ischemic heart disease

RFV1-RFV3

100

Violence/self-harm

RFV1-RFV3

1,277

Rape

RFV1-RFV3

99

RFV1-RFV3

162

RFV1-RFV3; AGE

144

Altered level of consciousness
Abdominal pain (elderly)
Abdominal pain, vomiting and diarrhea

RFV1-RFV3

43

Abdominal pain (youth)

RFV1-RFV3; AGE

391

Head Trauma (infants)

RFV1-RFV3; AGE

113

Level 3 exceeding vital sign thresholds

AGEDAYS; PULSE; TEMPF

22

AGEDAYS; AGE; PULSE
*NHAMCS-ED, National Hospital Ambulatory Medical Care Survey-emergency department visits.
RFV, reason for visit; CI, confidence interval.

Volume 21, no. 5: September 2020

1149

564

Western Journal of Emergency Medicine

Theiling et al.

A Method for Grouping ED Visits by Severity and Complexity
Table 1. Continued.
Patient conditions

Variable name

Occurences

Level 3 exceeding vital sign thresholds (continued)
AGE; PULSE

879

AGE; PULSE

26,814

Any of level 2 criteria

40,178

% of total weighted (95% CI)

24.5 (24.1, 25.0)

Level 3 (if not in level 1-2)
More than 1 resource used

(see Resources below)

53,704

Severe pain

PAINSCALE

29,291

Pediatric fever

AGE; TEMPF

785

Motor vehicle accident

2,044

Any of level 3 criteria

70,230

% of total weighted (95% CI)

42.5 (41.7, 43.3)

Level 4 (if not in level 1-3)
One resource used

(see Resources below)

% of total weighted (95% CI)

24,974

15.1 (14.6, 15.7)

Level 5 (if not in level 1-4)
No resource used

(see Resources below)

% of total weighted (95% CI)
RFV, reason for visit; CI, confidence interval.

16.4 (15.7, 17.1)

especially among the pediatric population; thus, when vital
signs were missing, we considered the ESI-N unchanged rather
than missing. Unlike the ESI, the retrospective ESI-N tallies
actual resources used, rather than predicted resources, and
cannot account for any resources not listed in the PRF.
Describing The Acuity Of The Patients And Validating
The Index
We described the acuity of the study population by
generating basic descriptive statistics including the mean ESI-N
level and corresponding confidence intervals (CI) for selected
patient and hospital characteristics. To validate the ESI-N, we
examined associations with typical indicators of acuity such as
waiting time, LOS, disposition, and mode of arrival. Waiting
time was defined as the number of minutes between the time of
arrival and the time seen by a physician. We defined LOS as the
number of minutes between the time of arrival and time of ED
discharge. All of these outcomes measures of acuity (waiting
time, LOS, disposition, and mode of arrival) were measured in
their respective units or proportions for each level of the derived
ESI-N and compared using 95% CIs. We conducted all analyses
using Stata v10 (StataCorp, College Station, TX).19
RESULTS
The “immediacy” item in NHAMCS-ED (IMMED)
was unknown, or triage was not performed, in 15.0% of
visits. Among the remaining visits, the maximum value of
Western Journal of Emergency Medicine

27,408

IMMED was less than five in 145 (26.2%) of 553 emergency
service areas in the 457 hospitals surveyed. This suggests the
continued use of triage schemes with fewer than five levels.
Unfortunately, having four or fewer triage levels creates
a bias toward lower (more acute) immediacy levels when
incorporated in aggregate estimates.
These results are given both in raw counts of 20102015 patient record forms, and in a nationally representative
estimate of percent of all visits. Figure 1 compares this
frequency distribution both to the distribution of the variable
IMMED in the same data, and to the distribution of actual ESI
levels assigned by triage nurses in a prospective validation
study of two ED populations.20
We assessed mean ESI levels for a variety of patient
characteristics, as demonstrated in Table 2. For each of
the four patient-level characteristics that we assessed
(age, gender, race/ethnicity, and payer type), there were
statistically significant differences (p<0.0001) between
mean ESI-N levels. Of note, there was a monotonic
increase in acuity with increasing age. Within their
respective categories, visits by women and by non-Hispanic
Whites had on average more acute ESI-N scores. Among
payer types, Medicare visits had on average the most acute
ESI-N, with the least acute categories being worker’s
compensation, “no charge,” and Medicaid/State Children’s
Hospital Insurance Program.
We assessed validity of the ESI-N against several
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Figure 1. Distribution of Emergency Severity Index levels based on the presenting complaint.
IMMEDR, immediacy.

outcomes, including hospital admission, intensive care
unit (ICU) admission, ambulance arrival, and leaving
without being seen and in each case found the expected
relationships (Table 3). As can be seen, the ESI-N is able
to differentiate all visits into five levels of care, with only
a minority being classified in the most severe, “Immediate”
category. Relative to their proportion of total visits, more
severe acuity ESI-N levels account for a higher proportion
of the patients admitted to the hospital and those admitted
to a critical care unit.
Furthermore, ESI-N is able to differentiate visits (Table
4) by likelihood of being admitted to the hospital and ED
LOS. The 95% CIs of percent admitted or LOS in minutes
between categories largely do not overlap as the ESI-N
increases in severity from Level 5 “Nonurgent” to Level
1 “Immediate.” ESI-N does not appear to differentiate
well among categories for time waiting to be seen by a
physician, however.
DISCUSSION
The NHAMCS-ED is the only nationally representative
survey of ED visits; thus, it is a valuable resource for policymaking and has provided data for many published studies.
However, most causal inferences of interest, such as the
effect of demographic variables like race/ethnicity on hospital
admission, length of ED visit, and other aspects of quality
and cost, are potentially confounded by the main determinant
of these outcomes: the seriousness or acuity of the patient’s
initial problem. A related reason to measure acuity is the need
for fair comparisons across regions or over time, i.e., for
Volume 21, no. 5: September 2020

case-mix adjustment. We have derived a five-level index of
acuity called the ESI-N, because a similar existing item in the
survey, called “immediacy,” frequently offered difficulties in
chart abstraction: either a triage score was not obtained, or, in
some cases when the score was obtained, it was absent from
the chart. In addition, even when a triage score was present,
there still is no universally accepted standard of triage in
the US. In many cases, EDs may use fewer than five triage
levels; in others the identical levels in different systems may
have different definitions or applications. We attempted to
overcome these limitations by deriving ESI-N, a severity
index based primarily on the patient’s RFV codes, modified by
values in a small number of other data fields, including age,
vital sign extremes, and resuscitative procedures. Finally, we
separated the less acute visits by number of resources used,
emulating the previously derived and validated ESI.2
The American College of Emergency Physicians (ACEP)
and the Emergency Nurses Association (ENA) formed a task
force in 2002 dedicated to the goal of creating and promoting a
standard measure of presenting patient acuity.21 However, to this
day, a number of EDs continue to use locally designed triage
guidelines of varying complexity and evidence quality or do not
perform formal triage.22 In fact, this continued lack of a standard
resulted in the ACEP and ENA revising its position statement
and advocating for “implementing a standardized emergency
department (ED) triage scale and acuity categorization process”
and endorsing ESI as that process.23
While ESI remains a prominent triage tool, it does not
always adequately reflect resource need in linear fashion.
That is, ESI Level 1s do not always necessitate the greatest
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Table 2. Mean ESI-N for patient characteristics.
Patient characteristics

Weighted patient # (in 1000s)

Mean ESI-N level (95% CI)

805,726

3.21 (3.19, 3.23)

Female

445,253

3.15 (3.13, 3.17)

Male

360,473

3.27 (3.25, 3.29)

Under 15 years

152,469

3.76 (3.72, 3.79)

15-24 years

124,430

3.20 (3.18, 3.23)

25-44 years

227,839

3.12 (3.10, 3.15)

45-64 years

176,474

3.05 (3.03, 3.07)

65-74 years

54,185

2.94 (2.91, 2.97)

75 years and over

70,328

2.88 (2.86, 2.91)

Non-Hispanic White

476,805

3.15 (3.13, 3.18)

Non-Hispanic Black

180,130

3.26 (3.23, 3.29)

Hispanic

124,909

3.33 (3.30, 3.36)

Non-Hispanic other

23,882

3.23 (3.18, 3.28)

10,470

3.37 (3.26, 3.48)

Unknown

48,878

3.25 (3.20, 3.30)

Private insurance

230,145

3.22 (3.19, 3.24)

Medicare

146,598

2.93 (2.90, 2.95)

Medicaid or CHIP

227,873

3.35 (3.32, 3.37)

6,857

3.57 (3.49, 3.65)

105,473

3.22 (3.19, 3.25)

All Visits
Gender

Age

Race

Expected source of payment
All sources of payment are blank

Worker's compensation
Self-pay
No charge/charity

7,113

3.15 (3.08, 3.23)

22,320

3.19 (3.14, 3.24)

Northeast

140,858

3.25 (3.21, 3.29)

Midwest

187,086

3.19 (3.15, 3.24)

South

310,329

3.19 (3.16, 3.22)

West

167,453

3.21 (3.17, 3.25)

2010

129,843

3.19 (3.16, 3.23)

2011

136,296

3.17 (3.14, 3.21)

2012

130,870

3.21 (3.17, 3.24)

2013

130,353

3.22 (3.18, 3.25)

2014

141,420

3.25 (3.20, 3.29)

2015

136,943

3.21 (3.15, 3.26)

Other
Region

Visit Year

ESI-N, Emergency Severity Index levels based primarily on the patient’s “reason for visit” code as presented in the National Hospital
Ambulatory Care Survey; CI, confidence interval; CHIP, Children’s Health Insurance Program.

resources in the ED, with ESI 2s requiring less, and so on.
In fact, one paper found that ESI Level 2 and 3 patients
are actually very similar in their resource needs, but
hospitalization varied dramatically.24 In contrast, we found
Western Journal of Emergency Medicine

positive associations between ESI-N severity and hospital
admission, ICU admission, and ambulance transport.2 Unlike
one prominent early study,22 we found that patients who left
without being seen were much more likely to have a low
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Table 3. Number of emergency department visits by Emergency Severity Index-N levels.
ESI-N level
Weighted patient
# (in 1000s)

Immediate
(level 1) (%)

Emergent
(level 2) (%)

Urgent
(level 3) (%)

Semi-urgent
(level 4) (%)

Non-urgent
(level 5) (%)

All visits

805,726

1.4 (0.1)

24.5 (0.2)

42.5 (0.4)

15.1 (0.3)

16.4 (0.4)

Admitted to
hospital

83,607

4.7 (0.2)

40.6 (0.5)

49.2 (0.7)

3.4 (0.2)

2.2 (0.6)

Admitted to
critical care unit

10,875

15.0 (1.1)

46.3 (1.4)

35.9 (1.3)

1.8 (0.3)

*

Arrived by
ambulance

122,246

5.0 (0.2)

33.1 (0.5)

48.1 (0.6)

8.2 (0.3)

5.5 (0.4)

Criterion

Left without
8,012
*
28.4 (1.4)
41.4 (1.7)
9.5 (1.2)
19.4 (1.3)
being seen
*Figure does not meet standard or reliability of precision.
ESI-N, Emergency Severity Index levels based primarily on the patient’s “reason for visit” code as presented in the National Hospital
Ambulatory Care Survey.

Table 4. Rates of hospital admission by ESI-N levels.
ESI-N level
(Weighted patient # [in 1000s], %)
Criterion

Immediate
(level 1)

28,981

Urgent
(level 3)

18.0%
(16.8, 19.2)

34,117

12.3%
(11.4, 13.2)

Semi-urgent
(level 4)
2,274

2.5%
(2.1, 2.9)

Non-urgent
(level 5)

Admitted to
hospital

3,425

Length of stay

201.4 (191.3, 211.5)

180.2 (174.2, 186.3)

182.7 (177.2, 188.3)

119.5 (115.4, 123.5)

82.9 (80.0, 85.8)

13.5 (11.8, 15.2)

22.5 (21.2, 23.8)

24.4 (23.0, 25.8)

24.5 (22.6, 26.3)

24.9 (23.3, 26.5)

Waiting time

37.9%
(34.5, 41.2)

Emergent
(level 2)

1,504

1.5%
(0.6, 2.4)

ESI-N, Emergency Severity Index levels based primarily on the patient’s “reason for visit” code as presented in the National Hospital
Ambulatory Care Survey.

severity by ESI-N, a change that could reflect increased use of
the ED as a “safety net” rather than for emergencies. This is
congruent to findings of some more recent studies.25-26
Waiting time is often cited as an indicator of ED quality
that depends both on hospital capacity as well as the average
ED volume and acuity of visits. Recent studies suggest that
ED crowding has increased waiting times even for serious
problems.27 But excluding triage category 1, the ESI-N index
discriminates poorly, possibly in part because the nurse assigning
a triage category also controls the patient’s waiting time.
LIMITATIONS
While the ESI-N derived here appears to be a consistent,
valid measure of acuity and complexity, there are limits on its
use. It is complex: Creating the index requires an algorithm
executed by a computer program. It is derived from the 20102015 NHAMCS-ED survey files, which were formatted in a
specific way; however, variable names and values, such as the
RVF classification scheme, have changed and will continue to
change over time. Use of the algorithm in survey years other
than 2010-2015 may require its modification. Like the ESI itself,
devising the ESI-N algorithm required subjective judgment.
Volume 21, no. 5: September 2020

The index reflects two separate dimensions of ED visits: acuity
and complexity. Distinguishing between these dimensions is
impossible when evaluating aggregate data. In this paper we
describe and validate the ESI-N. It has not been validated and
tested for reliability.
CONCLUSION
Two technical tasks commonly required in health services
research include accounting for confounding of a causal
relationship, and adjusting for case-mix to minimize selection
bias when comparing groups.28 Our derivation of a five-level
severity index for data abstracted from ED charts addresses
these research needs. The ESI-N can be used to stratify results,
or as an ordinal exposure or outcome variable in regression
or propensity score models, increasing statistical power by
reducing the need to include multiple covariates in a model.
Caution should be exercised in its application. While it includes
observations lost with the use of IMMED, it is less predictive
of ED waiting time. It might be used together with IMMED to
reduce residual confounding in some analyses. It is important to
understand the origin of the index in complaint codes modified
by age and a few other variables, and that it segregates less acute
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visits based on a list of specified services performed. Since this
list is short, and since some of the data abstracted are relatively
nonspecific (eg, five-level instead of 10-level pain scores), the
ESI-N will misclassify some patients compared to a prospectively
determined ESI. Future directions include validating ESI-N on
another independent source of ED visits and testing its use in a
prospective cohort of ED visits.
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Introduction: A diphtheria outbreak occurred in 2017 in Jakarta, Indonesia, during which our
hospital was appointed as a referral hospital where patients with upper respiratory tract symptoms
were sent for confirmation of the diagnosis and medical intervention. In this study we review the
implementation of the emergency department (ED) triage process and patient flow management
during the diphtheria outbreak. No previous study in Indonesia has provided a detailed report on the
triage process during infectious disease outbreaks.
Method: We modified our pre-existing hospital triage method according to the “identify, isolate,
and inform” principle. We developed novel criteria for triage to identify triage-suspected cases and
also a diphtheria package to simplify the diagnostic process. Four separate rooms were modified to
isolation spaces to enable medical staff to observe these patients. We obtained data from the ED
outbreak registry and electronic health records.
Results: Of 60 cases of triage-suspected diphtheria, six were classified as suspected diphtheria.
The mean time from “identify” to “isolate” was 3.5 minutes, and from “isolate” to “inform” was 10
minutes. Mean ED length of stay for probable diphtheria was 24.46 hours. No medical personnel in
the ED showed any signs of diphtheria 30 days after the outbreak had abated.
Conclusion: The modified criteria can help triage officers detect suspected diphtheria cases and
measure the triage response time. Use of the diphtheria package and four separate rooms in the ED
could act as an infection control procedure and facilitate the improvement of the diagnostic process.
[West J Emerg Med. 2020;21(5)1156-1159.]

INTRODUCTION
Diphtheria is a contagious infection caused by
Corynebacterium diphtheria. The infection spreads through
droplets and contact of mucous membranes with bodily fluid
containing the causative bacteria. Diphtheria was last reported in
1987 and between 1990–1995 in the United Kingdom and the
Soviet Union, respectively.1,2 Even though diphtheria can be
prevented by immunization, it remains a major health problem in
developing countries such as India, Thailand, and Bangladesh.3-5
During an outbreak, the emergency department (ED) has
an important role in identifying suspected cases and providing
acute medical management, while controlling infection
transmission. It needs to act fast by implementing the World
Health Organization (WHO) guidelines for suspected
infectious disease.6,7
Western Journal of Emergency Medicine

In 2017, a diphtheria outbreak occurred in Jakarta,
Indonesia.8,9 Our hospital was appointed as a referral hospital
where patients with upper respiratory tract symptoms were
examined for case findings of suspected diphtheria.
Our goal in this study was to review the implementation of
ED triage and patient flow management during the outbreak, as
well as to present data on the new cases of diphtheria. No
previous studies in Indonesia have reported on the triage
process during infectious disease outbreaks.
METHODS
Participants, Study Design and Setting
We included all patients who presented to the ED with
triage-suspected diphtheria. Informed consent was obtained,
which included permission to take complete notes from medical
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records. This study was approved by the ethics committee of the
hospital. We reviewed patients’ medical records from
presentation to the ED until discharge. Data were collected
during the outbreak in Jakarta from December 2017 to March
2018. We evaluated in-hospital transmission by interviewing
medical personnel in the ED 30 days after the outbreak abated,
to determine whether they showed signs of infection.
During the start of the outbreak, we vaccinated all medical
personnel in the ED who were at risk of being exposed to
diphtheria patients.

Population Health Research Capsule
What do we already know about this issue?
Diphtheria is a re-emerging infectious disease.
Proper triage and early recognition could
improve emergency department flow and
prevent local transmission.
What was the research question?
We sought to summarize our modification
on of ED triage and patient flow during the
diphtheria outbreak.

Triage Criteria
We implemented the pre-existing, three-tier triage
categories. Critical patients who required immediate treatment
due to life-threatening conditions were included in the
resuscitation category. In the urgent category we included
non-critical patients whose symptoms were uncontrolled or
could not be tolerated by the patient (eg, moderate to severe
pain, vomiting, diarrhea, and severe dizziness) and who needed
early medical intervention to prevent further clinical
deterioration. Patients who did not belong to either of the two
groups were classified into the non-urgent category.

What was the major finding of the study?
Modified criteria help triage officers detect
suspected cases and increase response time.

Diphtheria Diagnosis
Suspected diphtheria patients are defined as those with
pharyngitis, laryngitis, or tonsillitis with greyish, thick
pseudomembrane adhering to the pharynx, larynx, or mucosa of
the nose that bleeds easily after applying light pressure using a
wooden tongue depressor. Laboratory-confirmed diphtheria
patients were defined as those with Corynebacterium diphtheria
detected in their specimen cultures.10
ED Outcome
We defined the outcome as the patient’s condition
immediately before he or she left the ED. These were as
follows: deceased; discharged as outpatient; transferred to
inpatient ward; or referred to another hospital. The length of
stay was defined as the time from admission to outcome
determination in the ED.
Identify, Isolate, and Inform Principle.11-13
To increase the awareness of the triage officer (nurse) on
triage-suspected diphtheria, novel identifying criteria were
included as follows: 1) those presenting with any one of the
complaints such as sore throat, cough, or shortness of breath
within less than three days of onset during the diphtheria
outbreak; 2) those referred from other healthcare facilities with
a diagnosis of suspected diphtheria; and 3) those who presented
with a concern of having acquired the infection. The triage
officer’s duty was to identify these conditions immediately after
the patient arrived at the triage counter. Any one of the three
criteria was sufficient to categorize the patient as having
triage-suspected diphtheria and the diagnosis had to be
clinically confirmed by an ear, nose and throat (ENT) specialist.
Volume 21, no. 5: September 2020

How does this improve population health?
This report highlights the importance of triage
and early recognition to improve patient flow
and prevent local transmission in the busy
emergency department.

A complete vital sign examination was performed after placing
a surgical mask on the patient.11,13
Triage-suspected patients were then transferred to a
separate isolation room in the ED, to ensure that droplet
precautions were done. There was no pressure gradient between
the isolation room and the surrounding zone. Our unit provided
four separate rooms for triage-suspected diphtheria, and each
room could contain one patient. An emergency physician using
a surgical mask received the patient in the isolation room and
performed initial assessment and early intervention.
The “inform” process involved the emergency physician
contacting the ENT specialist for throat examination by using
the diphtheria package available in ED pharmacy. The
diphtheria package consisted of one surgical mask with a face
shield, a pair of non-sterile gloves, three cotton buds, one
disposable apron, two disposable wooden tongue depressors,
and a biohazard plastic bag.13
ENT specialist examination was then validated by an
infectious disease specialist to designate the case as suspected
diphtheria or not. A suspected case was reported by the hospital
call center to the public health center and the infection center’s
hospital for referral purposes.
Data Management
We analyzed data descriptively, with no subgroup analysis.
Incomplete filing in the medical records was considered as
missing data.
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RESULTS
During the study period, 12,778 patients visited the ED of
the Cipto Mangunkusumo Hospital. There were 60 cases of
triage-suspected diphtheria, among which six were cases of
suspected diphtheria. There were no initially non-suspected cases
of diphtheria at our ED who later returned as suspected or
diagnosed cases during the study period. Only suspected cases
underwent microbiology culture.
The demographic characteristics of the patients with
suspected diphtheria are shown in Table 1. Almost half of the
triage-suspected cases (45%) were referred from outpatient
primary care, paediatricians, and ENT specialist clinics. All
referred patients presented to the ED on their own and brought
the referral letter from the previous physicians. Upon arrival to
the ED, the referred patient underwent a reassessment at the
triage counter.
Among those with suspected diphtheria, five patients were
brought by an ambulance to the infection center’s hospital to be
admitted, and one patient was self-referred to our hospital. The
mean time from “identify” to “isolate” was 3.5 minutes, and from
“isolate” to “inform” was 10 minutes.
Patients with suspected diphtheria showed several observable
signs and symptoms, as detailed in Table 2.

Table 1. Demographic characteristics of patients with triagesuspected diphtheria.
Characteristics

N (%)

Gender
Male
Female

29 (48.3)
31 (51.7)

Age (years)
<18
≥18

25 (41.7)
35 (58.3)

ED Admission
Self-referred
Referred from other medical facilities

33 (55)
27 (45)

Chief Complaint
Sore throat
Fever
Shortness of breath

51 (85)
45 (75)
1 (1.7)

Clinical Manifestation
Neck mass
Membrane in respiratory tract mucosa

11 (18.3)
38 (63.3)

Exposure History
Positive
Negative

4 (6.7)
56 (93.3)

Diphtheria Diagnosis
Suspected Diphtheria
Not Diphtheria

6 (10)
54 (90)

Length of Stay (LoS)
Identify to Isolate (minutes)
Isolate to inform (minutes)
Emergency unit LoS probable diphtheria (hours)
ED, emergency department.

Western Journal of Emergency Medicine

Mean
3.5
10
24.46

DISCUSSION
Identifying suspected patients is an important protocol during
an outbreak. Although not all patients with positive results during
triage screening have the disease, deciding which patient group is
at a high risk of contracting the disease and in need of further
medical examination is an important part of infection control.14
Syndromic surveillance is the process of identifying symptoms
and signs indicative of the disease during screening.15
During the recent outbreak of diphtheria, we modified our
ED to create four separate rooms to contain suspected cases. This
measure was adapted from that followed in Taiwan and Toronto
during an epidemic of severe acute respiratory syndrome (SARS)
where a temporary, high-efficient filtration system unit was built
outside the ED for screening and isolating SARS patients.7
The “identify, isolate, and inform” method had been used
previously during the Middle East respiratory syndrome
coronavirus, Ebola virus disease, and measles epidemics.7,11,12,16
By using this method for triage, we were able to measure the
response time (“identify” to “isolate” and “isolate” to “inform”
time) for all suspected diphtheria cases that presented to the ED
(Table 1). ED length of stay was prolonged (24.46 hours) because
of the diagnostic process and referral communication at the
infection center’s hospital, which took time.
Half of the suspected diphtheria patients were adults. This is
supported by the findings of a systematic review of diphtheria in
children and teenagers.17 Adult patients with a history of
diphtheria immunization can get infected later in life because of a
decrease in immunity from vaccination with age. Therefore,
booster vaccines are needed, especially during an outbreak.18
Diphtheria is often difficult to distinguish from other upper
respiratory tract infections as the symptoms are not very specific
(Table 2). Nandi reported that the most common form of
diphtheria is pharyngeal diphtheria, and 70% of patients have no
immunization history.19 The most common symptoms are
tonsillar exudate, sore throat, dyspnea, and fever.19 Clinical signs,
such as a greyish pseudomembrane, are still very common and
enabled easy identification of diphtheria at our center. However, a
report from Brazil found that only 52% of diphtheria patients
manifest that sign.20
LIMITATIONS
This was a single-center study in a referral teaching hospital,
and thus did not represent the incidence in the community.
Additionally, incomplete data records could have resulted in
potential bias. Another limitation was that a follow-up of
microbial culture results from probable cases was not done as
suspected diphtheria was used as a working diagnosis and is
dependent on clinical assessment.
CONCLUSION
Modified criteria help triage officers detect suspected
diphtheria cases and increase the triage response time. The
diphtheria package and the four separate rooms in the ED could
act as an infection control procedure and facilitate the
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Table 2. Clinical manifestations among patients with probable diphtheria.
Name

HR

RR

SBP

Temp

Sore
throat

Fever

Dyspnea

Pseudomembrane

Comorbidity

Emergency
unit outcome

15

90

18

130

37

+

+

-

+

-

Referred

15

100

16

110

37

+

+

-

+

-

Referred

3

15

100

24

110

36.5

+

+

-

+

-

Referred

M

7

15

110

30

88

36.7

+

-

-

+

-

In-patient

M

5

15

100

20

110

37

+

+

-

+

-

Referred

Gender

Age

GCS

1

F

34

2

F

15

3

F

4
5

6
M
2
15
130 24
110
36.8
+
+
+
Referred
GCS, Glasgow Coma Scale score; HR, heart rate (beats per minute); RR, respiratory rate (breaths per minute); SBP, systolic blood
pressure; temp, body temperature; referred, sent the patient to infection control hospital for further in-patient management.

improvement of the diagnostic process. Further multicenter
studies should be conducted for outbreaks other than diphtheria.
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Introduction: Despite the increasing diversity of individuals entering medicine, physicians from racial and
sexual minority groups continue to experience bias and discrimination in the workplace. The objective of this
study was to determine the current experiences and perceptions of discrimination on the basis of race and
sexual orientation among academic emergency medicine (EM) faculty.
Methods: We conducted a cross-sectional survey of a convenience sample of EM faculty across six programs.
Survey items included the Overt Gender Discrimination at Work (OGDW) Scale adapted for race and sexual
orientation, and the frequency and source of experienced and observed discrimination. Group comparisons
were made using t-tests or chi-square analyses, and relationships between race or sexual orientation, and we
evaluated physicians’ experiences using correlation analyses.
Results: A total of 141 out of 352 (40.1%) subjects completed at least a portion of the survey. Non-White
physicians reported higher mean racial OGDW scores than their White counterparts (13.4 vs 8.6; 95%
confidence interval (CI) for difference, -7.7 – -2.9). Non-White EM faculty were also more likely to report having
experienced discriminatory treatment based on race than were White EM faculty (48.0% vs 12.6%; CI for
difference, 16.6% – 54.2%), although both groups were equally likely to report having observed race-based
discrimination of another physician. EM faculty who identified as sexual minorities reported higher mean sexual
minority OGDW scores than their heterosexual counterparts (11.1 vs 7.1; 95% CI for difference, -7.3 – -0.6).
There were no significant differences between sexual minority and heterosexual faculty in their reports of
experiencing or observing discrimination based on sexual orientation.
Conclusion: EM faculty from racial and sexual minority groups perceived more discrimination based on race
or sexual orientation in their workplace than their majority counterparts. EM faculty regardless of race or sexual
orientation were similar in their observations of discriminatory treatment of another physician based on race or
sexual orientation. [West J Emerg Med. 2020;21(5)1160-1169.]
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INTRODUCTION
Approximately half of all students enrolled in United
States medical schools in 2019 self-reported as non-White.1
Despite the increasing diversity of individuals entering
medicine, physicians from racial minority groups continue to
experience racial bias and discrimination in the workplace,
including disparities in career satisfaction, job turnover,
federal research grants, and academic promotion.2-7 Many
studies have detailed racial discrimination of minority medical
students and physicians.2,6,8,9 There is currently little data
describing racial discrimination in academic emergency
medicine (EM).10-12 A better understanding of the current
workplace environment with regard to racial discrimination
will aid efforts to promote equity, inclusion, and diversity
within the emergency physician workforce.
Many physicians who identify as lesbian, gay, bisexual, or
transgender (LGBT) also report workplace harassment, social
ostracization, and discriminatory treatment.13,14 A significant
proportion of LGBT physicians, trainees, and medical students
cited concerns of discrimination and harassment for their need
to conceal their sexual or gender identities.15-18 LGBT providers’
discomfort with this disclosure is one contributor to their higher
levels of distress, burnout, and depression compared to their
heterosexual colleagues.14-16,19 Few studies have examined the
experiences with workplace discrimination among physicians
who identify as sexual minorities.13,14,20 Current data on
this understudied provider population will fill an important
knowledge gap and inform the aforementioned diversity efforts
of both EM and healthcare in general.
The objective of this study was to determine the current
experiences and perceptions of discrimination by race
and sexual orientation among academic EM faculty. We
hypothesized that racial and sexual minority emergency
physicians would have greater perceptions of and more
experiences with discrimination compared to their nonminority colleagues.
METHODS
Study Design
This study was a cross-sectional survey of a convenience
sample of EM faculty on their perceptions of and experiences
with racial and sexual identity discrimination in the workplace.
Data from the same study examining the experiences of EM
faculty with workplace gender discrimination have been
presented previously.21 Details of the same methodology are
summarized and briefly presented here.
Study Setting and Population
All EM faculty, except the study authors, at six urban,
academic training programs were eligible for this study. Study
sites were departments of EM located in the following regions:
New England (one); Southeast (two); South (one); Midwest
(one); West (one). The survey was administered over February–
March 2019.
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Studies have shown that physicians from racial
and sexual minority groups experience bias
and discrimination in the workplace.
What was the research question?
What are the experiences of academic EM
faculty with racial and sexual orientation
discrimination in the workplace?
What was the major finding of the study?
Racial and sexual minority faculty perceived
greater discrimination based on race and
sexual orientation than their peers.
How does this improve population health?
There is cultural momentum to confront
discrimination based on race and sexual
orientation. Efforts to promote equity and
diversity within the emergency physician
workforce are needed.

Study Protocol
An anonymous electronic survey was emailed to all
eligible subjects. Subjects consented to the voluntary study by
completing the survey on an online, secure platform. Three
reminder emails were sent to non-responders. The study was
either approved or deemed exempt from review by each site’s
institutional review board.
Measurements
No single, well-validated instrument could be found that
satisfactorily measured the multiple aspects of workplace racial
and sexual identity discrimination that were of interest. Based
on a review of the current literature, we created a 31-item survey
composed of questions adapted from surveys used in similar
work among populations of physicians from multiple specialties.
The survey was pre-tested by EM faculty at five institutions to
ensure respondent comprehension.
We measured subjects’ perceptions of discrimination using
five questions adapted from the Overt Gender Discrimination at
Work (OGDW) Scale, an instrument that assesses the perception
of gender biases in the workplace, by substituting references to
gender with race or sexual identity.22,23 The scale asks: “How
strongly do you agree with the following statements about your
current place of work?: 1) I have been treated unfairly at work
because of my [race or sexual orientation]; 2) The people I work
with sometimes make [racist or anti-LGBTQ] statements and/or
decisions; 3) I feel that some of the policies and practices of this
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organization are [racist or anti-LGBTQ]; 4) At work, I sometimes
feel that my [race or sexual orientation] is a limitation; and 5)
At work, I do not get enough recognition because of my [race or
sexual orientation]. Responses are based on a 1-5 Likert scale,
with 1 = strongly disagree; 3 = neutral; and 5 = strongly agree.
Scores range from 5-25, with higher scores indicating higher
perceptions of discrimination.
Using questions adapted from prior work,24 we also
asked subjects to report the frequency with which they have
experienced discriminatory treatment based on their race or
sexual orientation, as well as the frequency with which they have
observed such discriminatory treatment of another physician.
Responses included weekly, monthly, annually, rarely, and never.
Those respondents who reported weekly, monthly, or annually to
either experiencing discriminatory treatment or having observed
discriminatory treatment of another physician based on race or
sexual orientation were subsequently asked to identify the source
of the discriminatory treatment. Sources included the following:
university / medical school / hospital administrator; consulting or
admitting physician; EM attending physician; resident physician;
medical student; nursing staff; clerical staff; emergency medical
services personnel; patient; and other. Subjects were asked to
report the frequency with which they had experienced or had
observed discriminatory treatment from each source (weekly,
monthly, annually, rarely, and never). Developed by Bruce and
colleagues,24 these items were designed to categorize the scope,
type, and source of gender-based discrimination in medicine. We
substituted gender with race or sexual identity for purposes of
this study.
We collected limited demographic information (Table 1) to
prevent easy identification of otherwise anonymous responses
and to encourage honest reporting. We did not obtain information
linking subjects by study site.
Data Analysis
Data were collected electronically using Qualtrics (Qualtrics,
Provo, UT) software and exported into SPSS for Windows
v25.0 (SPSS, Inc., Chicago, IL) for analysis. Continuous
variables (eg, age, modified OGDW scores) were examined for
normality using visual inspection of histograms, P-P plots, and
Pearson’s skewness statistic. We used the t-test for independent
samples to compare group means for continuous variables. In
addition, Pearson’s chi-square analysis or Fisher’s exact test was
employed to compare proportions across categorical variables.
In some cases, for example, in categorizing respondents as
having experienced or observed racial or sexual orientation
discrimination, response categories were collapsed into
dichotomous categories a priori to aid in result interpretation
(“never” and “rarely” vs “weekly,” “monthly,” and “annually”).
Similarly, the anticipated small numbers of racial and sexual
minority participants (Table 1) necessitated a priori collapse of
these individual response categories into dichotomous variables
(eg, non-White vs White, sexual minority vs non-minority) to
aid analysis. To assess the strength and direction of relationships
Western Journal of Emergency Medicine

Table 1. Participant characteristics in emergency medicine faculty
racial and sexual orientation discrimination survey.
Characteristics

Participants (N = 141)

Age (years)
≤39

52

(47.3)

40-49

41

(37.3)

50-59

16

(14.5)

≥60

1

(0.9)

1-5

33

(25.2)

6-10

40

(30.5)

11-15

26

(19.8)

16-20

15

(11.5)

≥21

17

(13.0)

Male

80

(61.1)

Female

51

(38.9)

104

(79.4)

Black/African American

6

(4.6)

Hispanic/Latino

5

(3.8)

Asian/Pacific Islander

12

(9.2)

American Indian/Alaska Native

2

(1.5)

Other

2

(1.5)

Years out of training

Gender

Race/Ethnicity
White

Sexual Orientation
Straight / Heterosexual

120

(90.9)

Gay / Lesbian / Homosexual

8

(6.1)

Bisexual

2

(1.5)

2

(1.5)

Decline to answer
Data are reported as n (%).

between variables, we used Pearson’s correlation coefficient or
Spearman’s rho, as appropriate for the data. Partial correlations
were also used to evaluate relationships between variables,
while controlling for the effect of a covariate (race or gender
orientation). Data are presented as frequencies, proportions,
means and 95% confidence intervals (CI) around differences
between means. All p-values are two-tailed and we accepted an
alpha of less than 0.05 as statistically significant.
RESULTS
A total of 141 out of 352 (40.1%) subjects completed at
least a portion of the survey. Respondents were mostly male
(n = 80, 61.1%) and White (n = 104, 79.4%) (Table 1). The
mean age reported by participants was 41.3 years (range 30-64
years) with the majority of respondents (n = 73, 55.7%) having
completed residency training within 10 years. In contrast,
according to 2017 data from the Association of American
Medical Colleges (AAMC), 72.4% of active emergency
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physicians in the US were male,25 with 65.2% under 55 years
of age.25 In addition, 2018 AAMC data of full-time US medical
school faculty revealed that 63.9% were White, 3.6% were
Black or African American, 3.2% were Hispanic or Latino,
19.3% were Asian or Pacific Islander, and 0.2% were American
Indian or Alaska Native.26 Although our sample appears to be
younger, less male, and more White than national samples,
direct comparisons were not possible due to differences in
queried age and racial / ethnic categories.
In our sample, Cronbach’s alpha for the five items of the
OGDW scale was 0.84, suggesting an acceptable level of internal
consistency. The mean racial OGDW score for all respondents
was 9.4 (standard deviation 4.7; 95%, CI, 8.6–10.2), with nonWhite physicians reporting significantly higher mean racial
OGDW scores than their White counterparts (13.4 vs 8.6,
respectively; t = -4.502, degrees of freedom [df] = 28.543, p
< 0.001, equal variances not assumed; mean difference -5.3,
95% CI for difference, -7.7 – -2.9). Non-White EM faculty
were also significantly more likely to report having experienced
discriminatory treatment based on race than were White EM
faculty (48.0% vs 12.6%, respectively; p < 0.001) (Figure 1).
Having experienced discriminatory treatment based on race was
significantly associated with higher racial OGDW scores (mean
racial OGDW 14.5 vs. 8.5, t = -5.905, df = 31.210, p < 0.001,
equal variances not assumed; mean difference -6.0, 95% CI for
difference, -8.1 – -3.9). Although non-White physicians were
more likely than White physicians to report having experienced
race-based discriminatory treatment, the proportion of non-White
(50%) and White (29.1%) EM faculty who reported observing
race-based discriminatory treatment of another physician was
statistically similar (χ2 = 3.832, df = 1, p = 0.050) (Figure 1).
Having observed race-based discriminatory treatment of another
physician was significantly associated with higher racial OGDW
scores (12.4 vs 8.2, t = -5.744, df = 131, p < 0.001; mean
difference -4.2; 95% CI for difference, -5.6 – -2.7).
Respondent age was not significantly correlated with racial
OGDW scores nor observations of discriminatory treatment (r =
0.104, p = 0.454; r = -0.009, p = 0.927, respectively). However,
there was an association between age and having experienced
race-based discrimination (r = 0.282, p = 0.003), with older
respondents reporting more discriminatory experiences.
Similarly, respondents’ years in practice were not significantly
correlated with racial OGDW scores (r = 0.115, p = 0.189) nor
observations of discrimination (r = -0.009, p = 0.922). Yet those
respondents with more years in practice reported more racebased discriminatory experiences (r = 0.309, p < 0.001).
For those respondents who had experienced discriminatory
treatment based on race at least annually, the three most
frequent sources of the treatment were patients; university,
medical school, or hospital administrators; and consulting or
admitting physicians (Figure 2). For those respondents who
had observed discriminatory treatment based on race at least
annually, the three most frequent sources were patients; nursing
staff; and consulting or admitting physicians (Figure 2).
Volume 21, no. 5: September 2020

Figure 1. Percentage of participants who (A) experienced or (B)
observed race-based discriminatory treatment by racial minority
status and frequency.

Cronbach’s alpha for the five items of the OGDW sexual
orientation scale was 0.79 in this sample, supporting acceptable
internal consistency reliability. The mean sexual minority
OGDW score for all participants was 7.1 (SD 3.3, 95% CI,
6.5–7.6), with respondents who identified as sexual minorities
reporting significantly higher mean sexual minority OGDW
scores than their heterosexual counterparts (11.1 vs 7.1,
respectively; t = -2.643, df = 9.461, p = 0.026, equal variances
not assumed; mean difference -4.0, 95% CI for difference,
-7.3 – -0.6). There were no significant differences between
sexual minority and heterosexual respondents in their reports of
experiencing discrimination based on sexual orientation, with
10% of minority and 2.5% of heterosexual EM faculty reporting
these experiences (p = 0.279) (Figure 3). Having experienced
discriminatory treatment based on sexual orientation was
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Figure 2. Sources of (A) experienced or (B) observed race-based
discriminatory treatment by average frequency.

significantly associated with higher OGDW scores (mean
sexual minority OGDW 12.5 vs 7.34, t = -3.684, df = 128, p <
0.001; mean difference -5.2, 95% CI for difference, -7.9 – -2.4).
Sexual minority and heterosexual EM faculty were equally
likely to report having observed discriminatory treatment of
another physician based on sexual orientation (20% vs 10.3%,
χ2 = 0.892, df = 1, p = 0.345) (Figure 3). Having observed
discriminatory treatment of another physician based on sexual
orientation was also associated with higher sexual minority
OGDW scores (mean sexual minority OGDW 10.7 vs 7.1, t =
-4.917, df = 127, p < 0.001).
There were no consistent relationships between respondent
age or years in practice and sexual minority OGDW scores or
personal experiences of discriminatory treatment. However,
there was an association between both age and years in practice
with having observed discrimination of another physician
based on sexual orientation (r = 0.227, p = 0.018; r = 0.233, p
Western Journal of Emergency Medicine
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Figure 3. Percentage of participants who (A) experienced or (B)
observed sexual orientation-based discriminatory treatment by
sexual minority status and frequency.

= 0.008, respectively), with older respondents reporting more
discriminatory observations.
For those respondents who had experienced discriminatory
treatment based on sexual orientation at least annually, the three
most frequent sources of the discriminatory treatment were
university, medical school, or hospital administrators; other EM
attending physicians; and nursing staff (Figure 4). For those
respondents who had observed discriminatory treatment based
on sexual orientation at least annually, the most frequent sources
were patients; nursing staff; and other EM attending physicians
and residents (Figure 4).
DISCUSSION
In our study academic emergency physicians who identify
as racial or sexual minorities differed significantly when
compared to their non-minority colleagues in their perceptions
of and experiences with workplace discrimination. Non-
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Figure 4. Sources of (A) experienced or (B) observed sexual
orientation-based discriminatory treatment by average frequency.

White EM faculty were significantly more likely to report
experiencing discriminatory treatment based on their race
than their White colleagues. This is consistent with studies
among physicians across multiple specialties that showed
racial minority physicians were significantly more likely to
report having experienced racial discrimination both during
their medical careers and in their current workplace, including
discrimination related to career advancement, punitive
behaviors, practice barriers, and hiring barriers.2,27,28 Although
we did not ask respondents to detail these reported instances
of discrimination, prior research revealed that physicians
from racial minorities frequently described encountering
microaggressions in the workplace.29-31
Microaggressions are defined as brief, commonplace, daily,
verbal, nonverbal, environmental slights, insults, invalidations,
and indignities – intentional or unintentional – directed toward
a marginalized group.32 There is literature that details the
detrimental mental health effects of microaggressions.31,33
Volume 21, no. 5: September 2020

Microaggressions and other forms of workplace discrimination
may also have deleterious effects on physicians’ careers.
Previous work demonstrated that experiences with racial
discrimination, and not physician race, was significantly
associated with higher rates of job turnover, with approximately
25% of racial minority physicians reporting that they have
left at least one job due to personally experienced workplace
discrimination.6 Within EM, a national survey of faculty found
disparities in rank and leadership positions for physicians of
under-represented minority groups.12 These data suggest that
racial discrimination in the workplace may not only be harmful
to the health of minority physicians but it may also significantly
impact career trajectories and the retention of a diverse
physician workforce.6
Although EM faculty who identified as sexual minorities
reported more experiences of discriminatory treatment
based on their sexual identity compared to their non-sexual
minority peers, this was not statistically significant likely
due to the limited numbers of respondents who identified
as a sexual minority in our sample. Nonetheless, both racial
and sexual minority OGDW scores were significantly higher
for racial and sexual minority EM faculty than their nonminority counterparts. As expected, having more experiences
with and observations of discriminatory treatment based on
race and sexual orientation correlated with higher OGDW
scores. Interestingly EM faculty regardless of race or
sexual orientation were equally likely to report observing
discriminatory treatment of another physician based on race or
sexual orientation. So although someone may not have direct
experience with racial or sexual orientation discrimination,
he or she can identify and recognize it when it occurs with
another physician.
We did not query respondents about whether they said or
did something when they saw these instances of discrimination
of another physician, nor did we ask respondents who reported
having experienced discrimination whether others intervened
on their behalf when there were witnesses. Prior work showed
that racial minority physicians were uncomfortable voicing
race-related concerns at work,29 and among those who did,
minority physicians were more likely to find no change in
their situation following submission of a complaint compared
to their White colleagues.28 Similarly, in a national survey of
surgery residents, none of the LGBT residents who experienced
homophobic remarks reported the event due to fears of
reprisal, not wanting to create more “trouble,” or a belief that
nothing would be done about the event.17 Institutional policies
and guidance on how individuals can and should respond
to instances of racial or sexual minority discrimination may
be helpful. For example, the British Medical Association
launched a national campaign in 2001 to inform both patients
and providers that racial harassment would not be tolerated
in the National Health Service (NHS). This campaign was
supplemented by training for all NHS employees focusing
on available institutional resources and skills individuals can
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use to respond to instances of racial discrimination in the
workplace.34 Other suggested actions to mitigate discriminatory
behavior and promote diversity include the identification of
best practice efforts to recruit and retain faculty from minority
groups, addressing obstacles to advancement, and implementing
strategies to promote members of minority groups to positions
of leadership.28
In our study EM faculty who have been in practice
longer were more likely to report having encountered
racist behaviors as well as discrimination based on sexual
orientation. Prior studies revealed similar findings with regard
to racial discrimination2 and sexual orientation.15 It is unclear
whether longer-practicing respondents have had more time
in the medical profession to encounter these behaviors, those
behaviors were more common in the past, or whether they felt
more empowered to report these instances since they may be
more established in the field and have less fear of reporting.
Future work documenting these trends will be helpful to
clarify this question.
Sources of experienced or observed discriminatory
treatment based on race were most commonly from patients.
This is consistent with recent work that demonstrated that
a majority of healthcare providers, including physicians,
reported offensive comments from patients about their age,
gender, race or ethnicity, weight, or other personal traits.35
Physicians from minority backgrounds were more likely to
describe discriminatory treatment from patients, with 70% of
Black and Asian physicians reporting biased comments from
patients.35,36 Patients were also the most common source of
observed discriminatory treatment based on sexual orientation.
This may stem from underlying racist or homophobic beliefs
that exist within our culture and society. For example, in a
2008 survey of patients, about a third of respondents indicated
they would change providers if they found out their provider
was gay or lesbian, and a similar number would change
practices if they found out gay or lesbian providers were
employed there.37 Prejudiced comments and behaviors in the
healthcare setting are particularly challenging to deal with
because physicians have a responsibility to provide appropriate
medical care to these patients. Physicians who were subject
to discriminatory treatment from patients often experienced
an emotional toll that included exhaustion, self-doubt, and
cynicism.38 Many of these targeted physicians also expressed
a need for training on how to deal with biased patients and for
clear institutional policies to guide responses.38,39
The next most common source of experienced or observed
discriminatory treatment based on race or sexual orientation
was other medical staff. Racism and homophobia within the
medical profession have been previously documented.12-14
Prior work found that racial minority faculty were
substantially more likely than majority faculty to perceive
racial bias in the workplace, with nearly half reporting
experiencing racial discrimination by a work superior or
colleague.2 Racial minority faculty also described feelings
Western Journal of Emergency Medicine
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of isolation and invisibility, disrespect with overt and covert
bias/discrimination, different performance expectations,
devaluing of research on health disparities, the unfair burden
of being identified with affirmative action, and responsibility
for diversity efforts.40 Similarly, among medical students
who have experienced anti-LGBT discrimination, the most
frequent source originated from fellow medical students.41
In a study of surgical residents, the majority of respondents
reported having witnessed homophobic remarks by nurses
and residents, and about 30% heard similar remarks made
by surgical attending physicians.17 Among EM residents
specifically, 2.5% of trainees reported feeling uncomfortable
with other LGBT physicians, and discriminatory LGBT
comments were reported from both fellow residents (17%)
and faculty (10%).42 Unfortunately, discriminatory treatment
of sexual minority providers is not uncommon after medical
school and residency training. Among practicing physicians
who identify as LGBT, approximately 10% reported that they
were denied referrals from heterosexual colleagues, 15%
had been harassed by a colleague, 22% had been socially
ostracized, 65% had heard derogatory comments about LGBT
individuals, and 27% had witnessed discriminatory treatment
of an LGBT coworker.13
Achieving diversity within the physician workforce
has been a national priority over the last three decades.43,44
Most recent data demonstrated that 35.7% of full-time
faculty in US medical schools identified as non-White, with
9.7% from under-represented minority (URM) groups.26 In
EM, approximately 27.0% of full-time faculty identified as
non-White, with 10.3% from URM groups. While 7.7% of
the 14,254 matriculated US medical students voluntarily
identified as lesbian, gay, or bisexual in a 2018 survey,
the percentage of practicing physicians who identify as
a sexual minority is unknown because neither sexual or
gender identity is a required demographic field currently
collected by the Accreditation Council for Graduate Medical
Education (ACGME) or the AAMC.45 Diversity in healthcare
is important because it enhances the quality of training for all
students and trainees.46,47 Diversity within medical faculty is
particularly significant for the role modeling and mentorship
it provides to students and trainees of similar backgrounds.46,47
A diverse physician workforce has also been shown to reduce
healthcare disparities in terms of access and quality.43,48 In an
effort to promote workforce diversity, both the ACGME and
the Liaison Committee on Medical Education have detailed
elements that residency and medical education programs
should have when they are assessed for accreditation.49,50
Other actions that healthcare organizations can take include
bias training, cultural competency and sensitivity training,
patient-physician communication training, compensation
equity, and workforce diversity initiatives.48 As the US
population becomes increasingly diverse,51 issues regarding
physician workforce diversity will remain salient in the future.
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LIMITATIONS
Similar to what we reported previously,21 our study
population was a convenience sample of EM faculty at six
urban academic sites and our results may not be generalizable
to practicing emergency physicians in non-urban and nonacademic settings. Approximately 40% of eligible subjects
responded to the survey and response bias may have played a
role in our results. We were unable to compare characteristics
of respondents with those of non-respondents due to the
anonymous nature of our survey methodology. Therefore,
we do not know whether more respondents who identify
as racial/ethnic or sexual minorities chose to participate in
the study, nor do we know whether their experiences with
discrimination or harassment played a role in their study
participation. The low numbers of respondents who identify
as racial/ethnic and sexual minorities also limited our
analyses such that dichotomization of data to White and nonWhite as well as sexual-minority and non-sexual minority
groups were necessary.
The OGDW scale was originally intended to measure
perceptions of gender discrimination, and its validity in
measuring racial and sexual minority discrimination has
not been examined. Although our questions measuring
experiences and observations of racial and sexual orientation
discrimination were modeled after prior work and have face
validity, their reliability as well as criterion and construct
validity have not been established. In addition, our results
were based on physicians’ self-reports of perceived or
experienced discrimination, and thus we were unable to
corroborate respondents’ self-reported experiences and
observations with racial or sexual orientation discrimination.
Nonetheless, researchers have found that self-reports of
discrimination are accurate and reliable when validated against
other data sources.52 Finally, our study did not use qualitative
methods to explore in-depth our respondents’ varied and
multi-faceted experiences with workplace discrimination that
may provide additional context to our survey findings.
CONCLUSION
Racial and sexual minority EM faculty perceived
more discrimination based on race and sexual orientation,
respectively, in their workplace than their non-minority
counterparts. Perceptions of discrimination were associated
with direct experience with and observations of discriminatory
treatment. Although non-White EM faculty were more
likely to experience racial discrimination than their White
colleagues, both groups were similar in their observations of
discriminatory treatment of another physician based on race.
Similarly, EM faculty regardless of sexual orientation were
similar in their observations of discriminatory treatment of
another physician based on sexual orientation. Future work
examining the prevalence and characteristics of racial and
sexual orientation discrimination in a larger and more diverse
sample of emergency physicians is necessary.
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Introduction: With recent healthcare policy changes, including the creation of accountable care
organizations, screening for social risks such as food and housing insecurity has become increasingly
common in the healthcare system. However, the wide variety of different tools used for screening makes
it challenging to compare across systems. In addition, the majority of tools used to measure social risks
have only been tested in primary care settings and may not be optimal for emergency department (ED)
use. Therefore, the goal of this study was to create a brief social screening tool for use in EDs.
Methods: We developed an initial tool using publicly available questions corresponding to the five
core categories of the Centers for Medicare & Medicaid Services’ Accountable Health Communities
Screening Tool. Iterative cycles of cognitive interviews with purposively sampled participants
were performed using a hybrid model of think-aloud and verbal probing to understand/experience
answering questions and potential comprehension challenges. After thematic saturation was reached
in one cycle, the tool was changed per participant input; cycles were completed until thematic
saturation was reached overall.
Results: A total of 16 participants (six patient guardians and 10 patients) completed cognitive
interviews throughout three cycles. Participant feedback included suggestions for further clarification
and simplification of survey questions for improved comprehension. The survey was thus reduced
and simplified from 16 questions concerning five domains to 10 questions concerning four domains.
Conclusion: We used an iterative cognitive interviewing process to develop a social screening tool
for use in EDs. This process demonstrates the importance of patient input to refine questionnaires,
and provides a brief screening tool for ED use. [West J Emerg Med. 2020;21(5):1170-1174.]

INTRODUCTION
With recent policy changes, including the movement
toward accountable care organizations as health delivery
systems, there has been an increasing priority placed on both
screening for social risk factors,1-3 (defined as the “adverse
social conditions that are associated with poor health”)4 and
assessing social needs, or the patient’s prioritization of social
interventions.4 Although emergency department (ED) patient
populations have a high prevalence of social risk,5 optimal

Western Journal of Emergency Medicine

strategies for identifying these factors within the busy and
time-limited setting of the ED have yet to be described.
Currently, a major barrier to identifying and addressing
social risk and social need in EDs is the wide variety of
different tools used across studies5 and the lack of a “criterion
standard” assessment. As stated in a systematic review of
social needs in the ED, “a concise yet comprehensive material
needs [social risk and social need] screening tool has not yet
been created and validated for ED patients.”5 Efforts to
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standardize screening questions3 have been limited by the
copyright restrictions on recommended questions and the total
length of the survey, which limits the applicability of most
tools in the ED. To date, studies using shorter tools have
focused on screening for an individual social risk (eg, food
insecurity) rather than assessing the multiple social risks that
may affect patients’ health.5-7 Few tools assess both social
risks and social needs in one assessment. The lack of
consistency in ascertainment techniques and screening tools
presents an obstacle to researchers, policy makers, and health
systems to design interventions to address social risk and
social need in the ED patient population.
In developing a social screening tool, it is of critical
importance to ensure the screening questions are easy to
understand and interpreted in a consistent manner.8 Cognitive
interviewing has been proposed as a method for improving the
validity of response processes, by allowing the researcher to
understand how participants interpret questions.7 The hybrid
cognitive interview methodology involves two parts. The first
is “think aloud” in which the intention of the interviewer is to
guide the participant in providing verbal insight into his/her
thought process and understanding while walking through the
survey. The second is “verbal probing” in which the
participant responds to specific probes concerning
understanding of certain areas of the survey. Survey changes
informed by this process ensure that the respondent is
interpreting and responding to questions as intended in the
survey.8 Survey changes based on information from cognitive
interviewing data, such as those in this study, are used to
clarify the intention of the question to the reader, improve
survey comprehension,4 and have been used to optimize other
self-report assessment tools.5,9 Modifying a screening tool
using this technique can thus increase the ability of the tool to
assess risks and needs consistently.
The goal of this study was to develop and optimize a
social risk and social need screening tool for ED patients that
would be both brief and understandable to patients in order to
connect them to potential interventions.
METHODS
We conducted a cognitive interview study with patients
and parents of patients in the ED. The initial 16-question
survey was developed in both English and Spanish, through a
systematic review of existing social risk and social need
screening tools using web-based searches and PubMed.
Questions were included if they addressed one of the five core
domains of the Accountable Health Communities screening
tool: 1) food insecurity; 2) housing instability; 3)
transportation needs; 4) utility needs; and 5) interpersonal
safety.3 This tool was available in the public domain, without
copyright restrictions.
A cognitive interview guide of open-ended questions
(Online Supplement Table 1) was developed by the study
team, piloted and refined. Edits were made to best capture
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Emergency department (ED) patient
populations have a high prevalence of social
risk yet optimal strategies for identifying these
factors remain to be described.
What was the research question?
To develop and optimize a brief and
understandable social risk and social need
screening tool for ED patients.
What was the major finding of the study?
Patient informed changes supported a more
concise, understandable, and dependable
screening tool.
How does this improve population health?
This screening tool serves to assess social risk
and social need in ED patients, enable linkage
to relevant resources and improve overall
health outcomes.

patient understanding and feedback concerning the proposed
questions. The guide was developed in English and Spanish,
with interviews in the patient’s choice of language. Iterative
cycles of cognitive interviews were performed and recorded.
Transcripts were reviewed by investigators, the questionnaire
was modified in response, and re-tested in a subsequent cycle
of interviews until thematic saturation was achieved and no
novel feedback was obtained.
Patients were purposively sampled by language spoken
(English or Spanish) as well as health literacy level (adequate
or limited) in order to reduce bias in representation in the
patient population and recruited from a large, urban ED. A
bilingual research assistant screened patients for eligibility.
Eligibility criteria included adult patients or parent/guardians
of pediatric patients, fluency in either English or Spanish,
provider approval for approach, and plans for discharge home.
We excluded patients on an involuntary mental health hold or
with active intoxication.
Patient participants completed a brief demographic
survey and a health literacy assessment (Newest Vital Sign)10
in either English or Spanish, as well as the cognitive
interview. Cognitive interviewing used the “think aloud” and
“verbal probing” methods and was employed to understand
the participant’s thought process, while going through the
survey and comprehension of each survey question. The
interviewer received cognitive interview training, and direct
feedback following each interview, from a researcher trained
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in the technique. All interviews were recorded and
professionally transcribed. All “think aloud” and “verbal
probing” responses were reviewed and a cycle was complete
when no new responses were given. All changes to the
survey were made by consensus of the study team. The study
was approved by the Institutional Review Board (IRB) of
Partners HealthCare.
RESULTS
In total, 16 patients completed cognitive interviews over
the course of three cycles. Of the 16 participants, four (25%)
were primarily Spanish-speaking and five (31%) were
categorized as having limited health literacy (Online
Supplement Table 2). Based on participant feedback, the
survey was reduced and simplified from 16 questions,
concerning the five domains of social risk and social need to
10 questions concerning four of the five original domains;
neighborhood safety was excluded (Table).
Questions concerning neighborhood safety were
removed as participants did not have consensus on the
meaning of “safety.” For example, some participants felt
these questions were referencing crime in the surrounding
area [“You can safely walk around your neighborhood
without feeling endangered” (adequate health literacy)].
Others felt they were referring to domestic violence [“Que se
refiere como que si alguien que vive con un hijo, me lo
golpeara, me va a hacer un maltrato agresivo como
¿violencia doméstica?”] [That it refers to like if someone that
lives with a son/daughter, were to hit him/her, [or] is going
to aggressively mistreat me like domestic violence?
(adequate health literacy)] and [“I would assume, there, that
you are referring to something that would be more like
domestic abuse” (adequate health literacy)]. The lack of
consistency in definition caused difficulty in interpreting a
positive answer, and determining the appropriate community
resource for response. The alternative option of adding
further questions to clarify the type of safety need would
have made the survey excessively long for ED use and
overlapped with existing ED screening protocols for intimate
partner violence. For these reasons, in addition to the limited
community resources available to address safety, we
removed the domain of safety from the question set.
For other domains, participants mentioned confusion in
the wording and subsequent description of response options
[“I think the wording is a little confusing after you’ve just
gone through questions that are more direct yes or no…And
so I had to switch gears and be like, ‘Oh wait. Okay. So
now it’s often true, sometimes true, never true thing…’
(Adequate health literacy)]. Responses were thus simplified
to binary options for improved participant understanding
and ease in taking the survey [“Again, I just don’t like
those sometimes, nevers, often, always. I think people get
thrown off with that.” (Adequate health literacy)].
Questions were also removed for similarity to one another
Western Journal of Emergency Medicine
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[“3a, I guess it’s fine. 3B is fine as well. They’re both pretty
similar” (Adequate health literacy)].
LIMITATIONS
Limitations of the study include recruitment limited to
those who spoke English or Spanish. In this study, English- and
Spanish-speaking patients had similar survey feedback; thus, all
changes were made to both versions of the survey. The tool will
need to be translated and tested in other languages. Interviews
with participants with limited health literacy tended to be
shorter with less feedback provided, suggesting that additional
techniques to improve cognitive interviewing may be needed in
this population. Social risk and social need screening results
were not collected from the participants, so we cannot compare
perceptions of the question to measured risk or need. We were
only able to interview to thematic saturation across the
categories of language and health literacy, which were chosen
because they were believed to have the greatest impact on
patient comprehension of the questions. Additionally, we do not
have data on those who declined participation. Therefore, we
were unable to compare those who did and did not participate in
the study. Because there is no “criterion standard” for social risk
and social need assessment,11 a larger study to understand the
performance of the questions compared to other measurements
of socioeconomic status, social risk, and social need will be the
next step to better understand performance of this screening
tool.
CONCLUSION
The cognitive interviews provided important
information concerning how to improve an assessment tool
for measuring social risk and social need in the ED. After
addressing a variety of the study participant concerns
(including word choice, response categories, terminology,
and question clarity), the final assessment tool (Online
Supplement Final Survey) as compared to the original
version, is more concise, understandable, and more likely
to measure these factors as intended. Importantly, this tool
includes both social risk and social need and was developed
in both English and Spanish and among patients with a
range of health literacy.
This short screening tool was developed to be of use
to ED clinicians attempting to link patients to community
resources, health system administrators developing
programs to address adverse social determinants of health,
and researchers working to improve care and outcomes
for patients with social risk and social need. Given the
importance and goal of integration of social determinant
measures in clinical practice,12,13 we encourage future work
to focus on testing the tool across multiple EDs, comparison
with population level data, as well as implementationscience work regarding best practices for screening patients,
and connecting them to appropriate community resources to
improve health outcomes.
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Table. Social risk and social need survey tool changes through three rounds of cognitive interview. (Abbreviated version of online
supplement Table 3).
Original survey questions

Final survey questions

Domain 1
1a. In the last month, have you slept outside, in a shelter or
in a place not meant for sleeping?

[Removed]*

1b. In the last month, have you had concerns about the
condition or quality of your housing?

1a. In the last month, have you had concerns about the condition
or quality of your housing?

1c. In the last 12 months, how many times have you or
your family moved from one home to another?

[Removed]**

1d. Are you worried that in the next 2 months, you may not
have stable housing?

1b. Are you worried that in the next month, you may not have
stable housing? ***
1c. Would you like resources to help with housing?∆

Domain 2
2a. Within the past 12 months, you worried whether your
food would run out before you got money to buy more.

2a. In the past 12 months, have you worried that your food would
run out before you got money to buy more?∆∆

Response Options:
Often true, sometimes true, never true, don’t know/refuse

Response Options:
“Yes, Often/Sometimes”
“No, Never” ∆∆∆

2b. Within the past 12 months, the food you bought just
didn’t’ last and you didn’t have money to get more.

2b. In the past 12 months, has your food run out and you didn’t
have money to get more?∆∆

Response Options:
Often true, sometimes true, never true, don’t know/refuse

Response Options:
“Yes, Often/Sometimes”
“No, Never” ∆∆∆
2c. Would you like resources to help with obtaining food?∆

Domain 3
3a. How often is it difficult to get transportation to or from
your medical or follow-up appointments?

3a. How often is it difficult to get transportation to or from your
medical or follow-up appointments?

Response Options:
Does not apply, never, sometimes, often, always

Response Options:
“Always/often”
“Sometimes/Never” ∆∆∆

3b. How often is it difficult to get transportation to or from
your other non-medical activities (work, school etc)?

[Removed]

Response Options:
Does not apply, never, sometimes, often, always
3b. Would you like resources to help with transportation?∆
Domain 4
4. In the past 12 months, have you had any utility (electric,
gas, water or oil) shut off for not paying your bills?

4a. In the past 12 months, have you worried that any utility
(electric, gas, water or oil) would be shut off for not paying
your bills?†

4b. Would you like resources to help with paying for your
utility bills?∆
-Note that changes to questions from the original to final survey are italicized in the final version.
*Respondents reported wanting a more definitive reference for a place “not meant for sleeping.”
**Participants reported people may be uncomfortable answering the question. Also other domain questions capture
homelessness sufficiently.
***Number of months was changed from 2 to 1 to be consistent with previous questions.
∆
Questions reworded to clarify that interviewer is not providing said “help.” Also, reordered to directly follow questions about specific
domain, for improved flow.
∆∆
Reworded because of respondent confusion by question presentation.
∆∆∆
Responses simplified to a binary option as respondents expressed difficulty with multiple options.
†
Reworded as participants expressed experience “being close” to having a utility shut off.
††
The domain was removed, as there was a lack of consensus among participants about the meaning of safety.
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Table. Continued.

Original survey questions

Final survey questions

Domain 5
5a. Do you have any concerns about safety in
your neighborhood?

[Removed] ††

5b. Are you afraid you might be hurt in your apartment
building or house?

[Removed] ††

Need
H1. Would you like help with shelter or housing?

[Moved] ∆

H.2 Would you like help with obtaining food?

[Moved] ∆

H.3 Would you like help with transportation?

[Moved] ∆

H.4 Would you like help paying for your utility bills?

[Moved] ∆

H.5 Would you like help regarding your personal or
[Moved] ∆ then [Removed] ††
neighborhood safety?
††
The domain was removed, as there was a lack of consensus among participants about the meaning of safety.
∆
Questions reworded to clarify that interviewer is not providing said “help.” Also, reordered to directly follow questions about specific
domain, for improved flow.
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Introduction: Emergency care providers routinely treat patients with acute presentations and
sequelae of opioid use disorder. An emergency physician and pharmacist implemented a protocol
using buprenorphine for the treatment of patients with opioid withdrawal at an academic, Level
I trauma center. We describe our experience regarding buprenorphine implementation in the
emergency department (ED), characteristics of patients who received buprenorphine, and rates of
outpatient follow-up.
Methods: We conducted a retrospective chart review of all patients in the ED for whom
buprenorphine was administered to treat opioid withdrawal during an 18-month period from January
30, 2017–July 31, 2018. Data extraction of a priori-defined variables was recorded. We used
descriptive statistics to characterize the cohort of patients.
Results: A total of 77 patients were included for analysis. Thirty-three patients (43%) who received
buprenorphine did not present with the chief complaint of opioid withdrawal. Most patients (74%)
who received buprenorphine last used heroin, and presented in moderate opioid withdrawal. One
case of precipitated withdrawal occurred after buprenorphine administration. Twenty-three (30%)
patients received outpatient follow-up.
Conclusions: This study underscores the safety of ED-initiated buprenorphine and that buprenorphine
administration in the ED is feasible and effective. [West J Emerg Med. 2020;21(5)1175-1181.]

INTRODUCTION
As of 2017, 2.1 million Americans were suffering from
opioid use disorder (OUD), a condition associated with a
20-fold increase in rates of early death.1-2 While
medications with proven benefit exist for the treatment of
OUD, their use has not yet become widespread.1,3,4
Emergency departments (ED) are a natural setting for the
improvement of this care, as providers routinely treat
patients with acute presentations and sequelae of OUD.
Calls from the Office of the Surgeon General, the US

Volume 21, no. 5: September 2020

Centers for Disease Control and Prevention, and numerous
state governments have specifically suggested this be done
through expanded ED use of buprenorphine.5-7
Prior investigators have shown the potential of the ED as
a critical point of access for patients suffering from OUD,
finding that ED-initiated medications for opioid use disorder
(MOUD) is feasible, efficacious, and associated with
significantly increased rates of engagement in addiction
treatment.8 In the state of California, the California Bridge
Program seeks to expand and increase access to MOUD
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whereby participating EDs implement protocols to treat
patients with OUD and connect those patients with outpatient
treatment centers for sustained MOUD.9 However, there
remains a relative lack of formal research regarding EDinitiated MOUD protocols and especially so given the scale of
the current opioid overdose epidemic.6,10 Differing approaches
to the use of buprenorphine for opioid withdrawal in the ED
have been proposed (eg, meeting a certain Clinical Opiate
Withdrawal Scale [COWS] threshold before medication
administration), but description of their use in the clinical
setting has thus far been limited.11-13
The goal of this study was to describe our experience
regarding implementation of a protocol using buprenorphine
for patients presenting with opioid withdrawal in the ED of an
academic, Level I trauma center. Specifically, we sought to
describe the main adverse event associated with
buprenorphine administration (precipitated withdrawal) and
rates of linkage to care.
MATERIALS AND METHODS
No Patient and Public Involvement
This research was done without patient
involvement. Patients were not invited to comment on the study
design nor were any consulted to develop patient-relevant
outcomes or interpret the results. Patients were not invited to
contribute to the writing or editing of this document for
readability or accuracy. This study was approved by the
University of California, San Francisco’s institutional review
board and informed consent was waived given the minimal risk
to subjects involved in a retrospective review of health records.
Setting
This retrospective cohort study was conducted at
Zuckerberg San Francisco General Hospital & Trauma Center
(ZSFG). ZSFG is the only public hospital for San Francisco,
and is the highest volume ED in the San Francisco Bay Area.
Over 73,000 patients are treated annually at ZSFG, and it is
the only Level I trauma center for the city and county of San
Francisco. From June 2016–May 2018, the ZSFG ED saw 633
unique patients with opioid withdrawal or OUD, although this
number is likely an underestimate as only the primary
diagnosis is coded by the hospital’s billing services.
Implementation and Treatment Protocol
Addiction care for ZSFG ED patients with OUD has been
growing since early 2017. In January 2017, with minimal
funding and technical assistance from the California Health
Care Foundation (CHCF), an emergency physician (EP)
champion and a clinical pharmacist worked together to
implement a protocol using buprenorphine for the treatment of
patients with opioid withdrawal. The implementation was part
of CHCF’s creation of a project aimed at piloting a treatment
model that had previously proven successful in other hospital
settings. The EP champion and pharmacist also received
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Buprenorphine is an effective treatment for
opioid use disorder. Description of its use in
the emergency department (ED) is limited.
What was the research question?
What were the characteristics and outcomes of
patients who were administered buprenorphine
for opioid withdrawal in the ED?
What was the major finding of the study?
Buprenorphine was administered to 77
patients; 1% had precipitated withdrawal, and
30% received outpatient follow-up.
How does this improve population health?
Buprenorphine administration in the ED is
feasible and can help optimize treatment for
patients with opioid use disorder.

coaching and technical assistance from CHCF’s pilot lead.
This study pre-dates the now widely known California Bridge
Program, which offers formalized guidance regarding ED
initiation of MOUD.9
Prior to the initiation of ZSFG’s treatment protocol, the
EP champion and clinical pharmacist performed literature
reviews and had several meetings with the CHCF pilot lead to
develop a thorough understanding of buprenorphine. The EP
champion also met with directors of several outpatient clinics
and opioid treatment programs to come to an agreement on a
single outpatient site where discharged patients could follow
up for continued access to buprenorphine. Approval for the
protocol implementation was obtained from ED leadership
and the hospital-wide Pharmacy & Therapeutics Committee.
The two site leads performed teaching of the protocol to ED
providers at several on-site faculty meetings, pre-shift nursing
team huddles, and at residency conferences. This “start-up”
period totaled approximately three months. In addition, for the
first six months of the protocol implementation, the EP
champion carried a 24/7 pager to provide as-needed technical
assistance to all ED providers.
For the first few months of the study, patients with
suspected opioid withdrawal were assessed using the Short
Opiate Withdrawal Scale (SOWS).14 After seven months,
however, the protocol was revised to use COWS in an effort to
standardize opioid withdrawal assessment in the ED and
inpatient units.15 The final ZSFG protocol (Figure 1) was
based on the suggested algorithm by Herring et al and as
described by the current California Bridge Program.6, 16, 17
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Figure 1. Buprenorphine treatment protocol in the emergency
department at Zuckerberg San Francisco General Hospital.
Mg, milligram; ED, emergency department; ZSFG, Zuckerberg
San Francisco General Hospital.

Patients who met the threshold for moderate withdrawal
(SOWS ≥10; COWS ≥8) were administered buprenorphine (8
milligrams [mg], per protocol). Withdrawal reassessment was
then performed 30-60 minutes later. Subsequent dosing of 4-8
mg of buprenorphine was given at the provider’s discretion.
All patients who received buprenorphine in the ZSFG ED
were given a referral for next business day follow-up at a
single outpatient clinic in San Francisco. Patients who were
unable to attend outpatient follow-up within 24 hours were
given a prescription for buprenorphine until follow-up could
be established.
Selection of Participants
In this study, an ED pharmacist identified all patients for
whom buprenorphine was ordered by a clinician via the
medication administration record during an 18-month period
from January 30, 2017–July 31, 2018. Patients who were not
administered the ordered buprenorphine were excluded from
the study. Subsequently, we surveyed electronic health records
(EHR) to determine the reason buprenorphine was given.
Additional patients were excluded if they were not in opioid
withdrawal (eg, the patient was on chronic buprenorphine
therapy and wanted a dose/refill of their medication). All
patients who received buprenorphine for opioid withdrawal in
the ED were included in the data analysis.
Methods of Measurement and Data Collection and
Processing
We defined all variables for data collection a priori. A
researcher-made data extraction form was developed in
accordance with the study objective, which included the
patient’s demographic characteristics; date of service; ED
length of stay; SOWS or COWS score assessments; dosages
of administered buprenorphine; occurrence of precipitated
withdrawal; and whether the patient followed up at the
designated outpatient site within one week of ED discharge.
Follow-up was tracked by reviewing patients’ EHRs for a
clinic progress note, as the designated outpatient site uses the
Volume 21, no. 5: September 2020

same EHR as the hospital. The study data were collected from
the same medical charts by two abstractors (BK and CG).
Both abstractors were hospital employees and so were well
versed in the EHR. Training included reviewing 10% of all
charts together with a third investigator (KL). The
investigators met periodically to resolve discrepancies. The
third investigator (KL) would settle any unresolved disputes
by review of the specific chart.
The inter-rater reliability of two variables of interest –
prevalence of precipitated withdrawal, and proportion of
patients who followed up at one week – were compared for
inter-rater agreement. Cohen’s kappa statistic, κ, between our
abstractors for the presence of precipitated withdrawal (1.0)
and outpatient follow-up (0.85) was excellent (100% and
93.4%, respectively). We collected the data in a secure onsite
location and database to avoid the loss of charts and
confidential information.
Primary Data Analysis
We used descriptive statistics to characterize the cohort
of patients in our study. We calculated medians and
interquartile ranges (IQR) to describe the distribution of
skewed numerical values such as age, while categorical
variables such as race, chief complaint, and last opioid used
were tabulated and reported as percentages. Data and all
calculations were evaluated with Microsoft Excel 2011
(Microsoft Corporation, Redmond, WA) and STATA
statistical software release 13 (StataCorp LP, College
Station, TX).
RESULTS
During the study period (January 30, 2017–July 31,
2018), buprenorphine was ordered for 102 ED patients. Of
those, 77 patients were included for analysis (Figure 2).
Table 1 summarizes the baseline characteristics of the
cohort. The median age of patients was 37 years (IQR 31-50),
and 20 (26%) were female. The largest proportion of patients
were White (48%), followed by Black (30%), Latino/Hispanic
(20%), and Asian (1%), while race was unknown in 1% of the

Figure 2. Flowchart for patients included in primary analysis of
patients for whom buprenorphine was ordered in the emergency
department for opioid withdrawal.
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Table 1. Baseline characteristics of emergency department patients
who received buprenorphine for opioid withdrawal (N = 77).
Age in years (median, IQR)

37 (31-50)

Female gender

20 (26%)

Race
Asian

1 (1%)

Black

23 (30%)

Latino/Hispanic

15 (20%)

White

37 (48%)

Unknown

1 (1%)

Chief complaint
Opioid withdrawal, requesting
detoxification

24 (31%)

Gastrointestinal upset

14 (18%)

Requesting buprenorphine

4 (5%)

Generalized pain

2 (3%)

Other

33 (43%)

Last opioid used prior to presentation
Heroin

57 (74%)

Buprenorphine

6 (8%)

Methadone

4 (5%)

Oxycodone

4 (5%)

Other

3 (4%)

Unknown

3 (4%)

Time since last opioid use in hours (median,
IQR)
Methadone

84 (60-276)

Non-methadone opioids

24 (13-48)

ED length of stay in hours (median, IQR)

6.1 (4.7-9.0)

Withdrawal assessment
SOWS performed

19 (25%)

COWS performed

43 (56%)

No SOWS or COWS performed

15 (19%)

Disposition
Home or self-care

68 (88%)

Jail

9 (12%)

Follow-up at OUD clinic within 1 week
Yes

23 (30%)

IQR, interquartile range; SOWS, short opiate withdrawal scale;
COWS, Clinical Opiate Withdrawal Scale; OUD, opioid use disorder.

cohort. Thirty-three (43%) patients who received
buprenorphine presented to the ED without a chief complaint
of opioid withdrawal. Of these patients, 12 presented with
complaints of localized pain (eg, arm, back, chest, flank, foot,
knee, pelvic, tooth). Others presented with a primary
psychiatric complaint such as suicidal ideation or anxiety (N =
Western Journal of Emergency Medicine
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4); after an assault (N = 3); with abscesses (N = 2;, or
generalized weakness (N = 2). Other, less common, chief
complaints included altered mentation, foreign body ingestion,
rectal bleeding, seizure, and urinary retention.
Most patients (N = 57, 74%) who received buprenorphine
in the ED last used heroin prior to being diagnosed with
opioid withdrawal. Other commonly used opioids prior to
presentation included buprenorphine (N = 6, 8%); methadone
(N = 4, 5%); oxycodone (N = 4, 5%); and fentanyl (N = 1,
1%). For non-methadone opioids, the median time since last
opioid use was 24 hours.
Table 2 details buprenorphine administration for the 77
patients in our cohort. Eighteen patients were initially assessed
with the SOWS, while 41 patients had an initial COWS.
Sixteen patients deemed to be in opioid withdrawal did not
receive either assessment scores. There was considerable
variation in practice, such as patients continuing to receive
buprenorphine despite not receiving additional scoring or not
meeting the set thresholds for precipitated withdrawal.
However, in a majority of the cases, providers followed the
protocol set in place.
One case of documented precipitated withdrawal occurred
in our cohort. A 54-year-old man with a history of daily heroin
insufflation presented to the ED with the chief complaint of
nausea and anxiety requesting detoxification from opioids
after last having used heroin four hours prior to arrival. He had
never received medications for OUD in the past. His triage
vital signs were as follows: blood pressure 132/91 millimeters
of mercury (mm Hg), heart rate 98 beats per minute (bpm),
respiratory rate 18 breaths per minute, and oxygen saturation
99% on room air. The patient was initially seen by an
advanced practice provider in our ED’s provider in triage area.
His physical exam was unremarkable: he had normal vital
signs; a soft and non-tender abdomen; and a normal
respiratory and cardiovascular examination. His initial COWS
score, performed by the treating provider, was 11, and
buprenorphine 8 mg was subsequently administered. Within
an hour after receiving buprenorphine, he developed
restlessness, body aches, runny nose, gastrointestinal upset,
anxiety, and gooseflesh skin. He did not have diaphoresis,
dilated pupils, tremors, or yawning. He was moved to the
main ED and was subsequently treated by an attending
physician. His repeat vital signs were: blood pressure 164/88
mm Hg, heart rate 110 bpm, respiratory rate 18 breaths per
minute, an oxygen saturation 98% on room air. Over the
course of five hours, he was treated with ondansetron,
ketorolac, lorazepam, and intravenous fluids. During his
hospital course, neither blood tests nor toxicology-specific
testing were performed. The patient’s repeat COWS score
prior to discharge, as performed by his bedside nurse, was 6.
Buprenorphine was not continued. The patient was discharged
to self-care 9.2 hours after his triage time and did not follow
up at the designated outpatient clinic.
All patients who received buprenorphine in the ED were
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Table 2. Assessment scores and buprenorphine dose administered.
Buprenorphine 4 mg

Buprenorphine 8 mg

No buprenorphine

-

-

-

1/18 (5.6%)

17/18 (94.4%)

-

SOWS
Initial SOWS (N = 18)
<10 (N = 0)
10 or above (N = 18)
2nd SOWS (N = 16)
<10 (N = 8)

-

-

8/8 (100%)

10 or above (N = 5)

5/5 (100%)

-

-

No repeat score (N = 3)

3/3 (100%)

-

-

COWS
Initial COWS (N = 43)
<8 (N = 2)
8 or above (N = 39)

1/2 (50%)

1/2 (50%)

-

1/39 (2.6%)

38/39 (97.4%)

-

-

2/2 (100%)

-

No initial score (N = 2)
2nd COWS (N = 31)
<8 (N = 12)
8 or above (N = 15)
No repeat score (N = 4)

1/12 (8.3%)

1/12 (8.3%)

10/12 (83.3%)

11/15 (73.3%)

2/15 (13.3%)

2/15 (13.3%)

2/4 (50%)

2/4 (50%)

-

3/16 (18.75%)

13/16 (81.25%)

-

Clinical judgment (or some other)
1st dose given (N = 16)

2 dose given (N = 4)
2/4 (50%)
2/4 (50%)
mg, milligram; SOWS, short opiate withdrawal scale; COWS, Clinical Opiate Withdrawal Scale.
nd

discharged to home or jail. No patients were admitted to
inpatient units. The median length of stay was 6.1 hours (IQR
4.7-9.0). Twenty-three (30%) patients followed up at the
designated outpatient OUD clinic within one week.
LIMITATIONS
Over the course of 18 months, the number of patients who
were administered buprenorphine was relatively low
compared to the number of patients who present to our ED
with billing codes reflecting OUD or opioid withdrawal. We
did not formally assess the barriers to buprenorphine initiation
during this study period. We suspect this relatively low
volume was due to the slow uptake of a novel protocol amidst
the changing landscape of substance use disorder treatment in
emergency medicine. Prior to the implementation of our
protocol, many of our clinical staff had not heard of
buprenorphine. In the first few months of the study, many of
the pager calls and questions received by the EP champion
were related to general buprenorphine use and to allay
clinician discomfort with using the treatment protocol.
Other limitations of this study include those inherent to
retrospective studies. For example, the EHR is limited to the
completeness of the data recorded (eg, the time since last
opioid use was not known in all cases). In addition, we
reported that 16 patients received buprenorphine but did not
have either a SOWS or COWS assessment performed.
Volume 21, no. 5: September 2020

-

However, because documentation of the assessments was not
compulsory in our EHR, some of these patients may have had
formal assessments that were not recorded.
A final limitation was a transition from SOWS to
COWS during the study period, which made it difficult to
adequately compare the two. As previously mentioned, the
protocol was revised to use COWS in an effort to
standardize opioid withdrawal assessment in the ED and
inpatient units in our hospital.
DISCUSSION
Our study adds to the growing body of evidence regarding
the feasibility of implementing a protocol to provide
buprenorphine to ED patients in opioid withdrawal. As others
have shown, buprenorphine remains a safe treatment option
with minimal risk for precipitated withdrawal and offers an
opportunity to connect these patients to ongoing addiction
treatment.11, 12 In addition, we uniquely demonstrate that
initiation of buprenorphine administration in the ED setting
can be achieved with relatively few start-up resources: a single
medical provider and pharmacist championed our protocol’s
execution. As previously mentioned, D’Onofrio et al first
showed the feasibility of ED-initiated buprenorphine, although
they did so with the use of research associate-led interviews
and referrals.8 Dunkley et al also conducted a retrospective
review of 95 patients who received buprenorphine induction
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over a five-month period. While this study enrolled a large
number of patients, the protocol required consultation from a
specialty service, formal assessment of OUD, and admission
to a clinical decision/observation unit.12 Therefore, although a
robust protocol including consultants and specialists may lead
to higher rates of buprenorphine induction in the ED setting,
we demonstrate that patients with OUD may still receive
adequate treatment without such resources.
Lowenstein et al studied barriers and facilitators for ED
initiation of buprenorphine and showed that the largest
barriers were related to patient social challenges, patient
engagement to treatment, and availability of treatment
referrals.13 Based on our study, additional barriers to the
initiation of buprenorphine for OUD may be unclear chief
complaint (eg, not presenting with “opioid withdrawal” or
symptoms suggestive of withdrawal), inadequate screening for
OUD, long ED lengths of stay, and lack of familiarity with
buprenorphine or the protocol in place.
This study also underscores the safety of ED-initiated
buprenorphine. Despite variations in dosing administration,
most patients did not experience significant adverse events.
One patient experienced precipitated withdrawal. The patient,
while with an initial COWS score of 11, had last used heroin
only four hours prior to ED presentation. While a formal
assessment using a withdrawal scale was performed, this
patient case illustrates the limitations of such scales as a
screening tool. The precipitated withdrawal was most likely
related to the patient’s very recent use of heroin.
In our population, 30% of patients followed up at our
protocol’s designated clinic within one week of ED
discharge. Our proportion of patients who attended followup was lower than has been seen in other studies.8,11,18 This
can be partially attributed to other studies using an opt-in
form of OUD clinic referral, selecting for patients who were
more ready for pursuing treatment, rather than our referral of
all-comers approach of simply providing the clinic location
and instructing patients to present for follow-up on the next
business day after their ED discharge.18 Other programs
evaluated intake and retention over longer time horizons,
such as 30 days, although increased lag time between time of
referral and date of initial rehab intake is associated with
lower rates of follow-up.11,19,20 So, despite less than an ideal
follow-up rate in our study, our intervention still very likely
led to an overall reduction in days of opioid use, which in
itself has been shown to improve health outcomes.19,21
However, this potential benefit must be balanced by the fact
that the time period around MOUD discontinuation is
associated with increased risk of overdose death, meaning
treatment initiation without retention may actually
undermine benefits.19

demonstrate appropriate protocols for buprenorphine
administration in the ED. In addition, directions for future
research include the impact of the current California Bridge
Program and qualitative studies to improve the rates of
outpatient follow-up. It is in this way that we will be able to
most adequately treat the current large proportion of
vulnerable patients with opioid use disorder.
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Introduction: Family presence during emergency resuscitations is increasingly common, but the
question remains whether the practice results in psychological harm to the witness. We examine
whether family members who witness resuscitations have increased post-traumatic stress disorder
(PTSD) symptoms at one month following the event.
Methods: We identified family members of critically ill patients via our emergency department (ED)
electronic health record. Patients were selected based on their geographic triage to an ED critical
care room. Family members were called a median of one month post-event and administered the
Impact of Event Scale-Revised (IES-R), a 22-item validated scale that measures post-traumatic
distress symptoms and correlates closely with Diagnostic and Statistical Manual of Mental DisordersIV criteria for post-traumatic stress disorder (PTSD). Family members were placed into two groups
based on whether they stated they had witnessed the resuscitation (FWR group) or not witnessed
the resuscitation (FNWR group). Data analyses included chi-square test, independent sample t-test,
and linear regression controlling for gender and age.
Results: A convenience sample of 423 family members responded to the phone interview: 250 FWR
and 173 FNWR. The FWR group had significantly higher mean total IES-R scores: 30.4 vs 25.6 (95%
confidence interval [CI], -8.73 to -0.75; P<.05). Additionally, the FWR group had significantly higher
mean score for the subscales of avoidance (10.6 vs 8.1; 95% CI, -4.25 to -0.94; P<.005) and a trend
toward higher score for the subscale of intrusion (13.0 vs 11.4; 95% CI, -3.38 to .028; P = .054). No
statistical significant difference was noted between the groups in the subscale of hyperarousal (6.95 vs
6.02; 95% CI, -2.08 to 0.22; P=.121). All findings were consistent after controlling for age, gender, and
immediate family member (spouse, parent, children, and grandchildren).
Conclusion: Our results suggest that family members who witness ED resuscitations may be at
increased risk of PTSD symptoms at one month. This is the first study that examines the effects of
family visitation for an unsorted population of very sick patients who would typically be seen in the
critical care section of a busy ED. [West J Emerg Med. 2020;21(5)1182-1187.]
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INTRODUCTION
The issue of family-witnessed resuscitation (FWR) has
been debated since the late eighties when doctors at Foote
Hospital in Michigan published their observations suggesting a
benefit to family members who stayed to watch their critically
ill loved ones getting cardiopulmonary resuscitation (CPR).1
Since then, authors have considered the question from medicolegal and ethical perspectives, from practical standpoints related
to physician stress and potential interference with resuscitation
and from the angle of potential harm or benefit to the family
members themselves.2-7 Even as this debate has continued, the
practice has spread to many emergency departments (ED) in
North America and worldwide. Numerous professional bodies
have endorsed FWR.7-12
Despite the growing consensus, there remains the question
of the remote psychological cost of this experience to the
witness. In particular, concern has been raised about the
development of post-traumatic stress disorder (PTSD) in
witnesses of resuscitation.13-16 PTSD is a syndrome of
hyperarousal, vivid re-living of events, and inability to achieve
a state of safety that results from, among other things,
exposure to the actual or threatened death of a family member
or friend in a way that is “accidental or violent.”17,18 Symptoms
must be present for a month and the pathophysiology is
thought to relate to memory being encoded in alternative,
more persistent pathways that resist being extinguished. The
literature supports the development of PTSD immediately or
up to months after witnessing traumatic events, but whether or
not this happens is related to multiple factors including the
victim’s interpretation of the event, their pre-existing beliefs,
and prior experiences.19
ED resuscitations can be brutal and memorable events in
which the human form is treated violently or disfigured by
invasive procedures; so it stands to reason that they might
constitute the kind of traumatic event that can trigger PTSD in
the brain of the witness. The experimental literature about
FWR and the development of PTSD is conflicting and not of
high quality.13-16 Moreover, all of the studies thus far have
limited themselves to the subset of patients getting CPR.
There is no literature about the much broader category of
critically patients who are resuscitated but do not receive CPR,
yet family members frequently ask to be present for the
presorted range of ED resuscitations, even if they do not
involve CPR. In view of the noted gaps, the divergent
outcomes, and uneven quality of the current literature, there is
a clear justification for further study. Our objective was to
assess whether family and close contacts who witness ED
resuscitations exhibit an increase in PTSD symptoms in the
months following an event.
METHODS
Study Design and Setting
We conducted a prospective cross-sectional study, from
July 2011–June 2016, comparing family members who
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Family-witnessed resuscitation has become
accepted in the emergency department (ED)
despite the question of remote psychological
cost of this experience to the witness.
What was the research question?
Do family who witness ED resuscitations
exhibit an increase in PTSD symptoms in the
months following an event?
What was the major finding of the study?
There was an association between family
presence during resuscitation and increased
PTSD symptoms at one month.
How does this improve population health?
Adding to the growing body of literature
about family-witnessed resuscitation moves us
closer to sound recommendations for family of
critically ill ED patients.

witnessed resuscitation (FWR group) and family members
who did not witness resuscitation (FNWR group) to assess
post-traumatic distress symptoms. We conducted this study at
a 711-bed urban, community teaching hospital with an annual
ED census of greater than 120,000 visits. The goal was to
enroll 150 participants in each arm. Patient screening,
enrollment, and data collection were performed by study
investigators. The hospital’s institutional review board
approved the study.
Selection of Participants
At our institution, critically ill patients who need
immediate, lifesaving attention are treated in a specific
resuscitation room. We generated a list of patients who were
treated in the resuscitation room and identified family members
of those patients via our ED electronic health record. We
included family members of critically ill patients aged 18 and
older who underwent resuscitation in the ED. We excluded
non-English speaking patients and those whose primary
resuscitations occurred out of hospital. We did not capture
whether resuscitations were medical or related to trauma, or
whether or not they were successful. Patients did not require
CPR to be entered into the study, although many of them did get
CPR, were intubated, or received other procedures in a timesensitive manner. Family members were given the choice to be
present in the room during all resuscitations and were called via
telephone one month after the event. They were placed into two
groups based on whether they self-reported that they had
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witnessed the resuscitation (FWR group) or had not witnessed
the resuscitation (FNWR group).
Data Collection
The phone interviewers, consisting of college-educated
and trained research assistants, administered the Impact of
Event Scale-Revised (IES-R), a reliable 22-item validated
scale that measures post-traumatic distress symptoms and
correlates closely with the Diagnostic and Statistical Manual
of Mental Disorders-IV criteria for PTSD.20 It is best suited for
recent, not remote, traumatic events. Interviewers made up to
three attempts to contact study subjects between the hours of 8
am and 6 pm Monday through Friday. The total IES-R score
ranges from 0 to 88, with scores >24 associated with clinical
concern for PTSD or partial PTSD, >33 with probable PTSD,
and >39 with PTSD severe enough to suppress immune
system function, even 10 years after the impact.
The IES-R has three subscales that correspond to the classic
features of PTSD, specifically the alternation between avoidance
(deliberate efforts not to think about the event) and intrusion
(nightmares, involuntary thoughts of the event, and interfering
feelings). A third subscale assesses hyperarousal, which relates to
persistence of sympathomimetic excitability such as feeling on
guard, and experiencing sweats and palpitations. Subjects were
asked how distressing each of 22 components of the IES-R was
in the last week with respect to their family member’s illness
event, getting from zero to four points depending on the severity
of the distress. Composite scores above 24 suggest a clinical
concern for PTSD, whereas scores above 37 are associated with
symptoms profound enough to cause immune dysfunction.
Outcomes Measures
The primary outcome included a difference in total IES-R
score between the groups. Secondary outcomes included a
comparative difference between the three subscale scores of
intrusion, avoidance, and hyperarousal.
Data Analyses
The investigators recorded all data on data sheets
(separate from clinical data), entered them into Microsoft
Excel (Microsoft Corporation, Redmond, WA), and then
imported the data into SPSS 24.0 (IBM Corp, Armonk, NY)
for statistical analyses. Data were described in terms of mean
(standard deviation [SD]) or 95% confidence limits for
continuous variables, and frequency (percentage) for
categorical variables. Data analyses included chi-square test,
independent sample t-test, and linear regression controlling for
gender, age, and immediate family member (spouse, parent,
children, and grandchildren). A P-value <.05 denoted
statistical significance between the groups.
RESULTS
An estimated 3000 family members qualified for the study,
of which approximately 1200 were reached by the phone
Western Journal of Emergency Medicine

interviewers. A convenience sample of 423 family members
completed the IES-R, a response rate of 35%. The median
duration between traumatic event and interview was 33 days
(range 18-67), and there was no difference between groups in
this regard. Of the 423 family members who completed the
survey, 250 self-reported in the FWR and 173 the FNWR
group. Family members consisted of immediate family
members (children, parents, spouses, or grandchildren) as well
as close friends, cousins, nieces, nephews, aunts, daily
caretakers, and in-laws. The FWR group had more immediate
family members (82.7% vs. 73.4%; P<.05). The mean age for
the FWR group was 53.5 (±14.7) and for the FNWR group was
53.4 (±15.1; P=.905). The FWR group consisted of 71.7%
females and FNWR of 63.2% females (P=.069) (Table 1). The
FWR group had significantly higher mean total IES-R scores:
30.4 vs 25.6 (95% confidence interval [CI], -8.73 to -0.75;
P<.02). Additionally, the FWR group had a significantly higher
mean score for the subscales of avoidance (10.6 v. 8.1; 95% CI:
-4.25 to -0.94; P<.005) and a trend toward a higher score for the
subscale of intrusion (13.0 vs 11.4; 95% CI: -3.38 to .028;
P=.054). No statistically significant difference was found
between the groups in the subscale of hyperarousal (6.95 v.
6.02; 95% CI, -2.08 to 0.22; P =.121). All findings were
consistent after controlling for age, gender, and immediate
family member (spouse, parent, children, and grandchildren) in
a linear regression equation (Table 2).
DISCUSSION
In our prospective cross-sectional study, we found an
association between family presence during resuscitation and
increased PTSD symptoms at one month as measured by the
IES-R. The IES-R is reported as a composite score with three
subscales. In our study, we found significant differences in the
composite scores as well as in the avoidance subscale. There
was also a trend toward significance for the intrusion subscale.
Prior experimental studies as detailed below employed the
IES-R as a measure of PTSD, although the IES-R does not
capture hyperarousal symptoms, thus limiting our ability to
compare and generalize with those studies.
Robinson et al13 conducted a small, prospective, semirandomized survey of 13 family members who had witnessed
ED resuscitation of cardiac arrest after being given the
choice to do so, and 12 who were not given the choice to

Table 1. Participant characteristics.
FWR

FNWR

% Male

28.3

46.8

% Female

71.7

63.2

% Immediate family

82.7

73.4

33 (18-67)

33 (20-67)

Days from resuscitation to interview

FWR, family-witnessed resuscitation; FNWR, family not
witnessed resuscitation.
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Table 2. IRS-R Total mean scores and subscales intrusion, avoidance, and hyperarousal
No FWR

FWR

Mean difference

95% CI

P-value

Mean total score

25.6

30.4

-4.74

-8.73 to -0.75

.020*

Mean intrusion score

11.4

13.0

-1.68

-3.38 to 0.028

.054

Mean avoidance

8.24

10.6

-2.33

-3.89 to -0.76

.003**

Mean hyperarousal

6.02

6.95

-0.93

-2.08 to 0.22

.121

*Statistical significant difference between the groups at P<.05; **Statistical significant difference between the groups at P<.005.
FWR, family-witnessed resuscitation; FNWR, family not witnessed resuscitation; CI, confidence interval.

witness CPR (and who additionally did not ask to witness).
Successful resuscitations were excluded. The family
members were queried using the IES-R at one month and six
months by mail. The study was stopped early because the
participating staff became convinced of the value of
providing family access to resuscitations. It was limited by
the use of a multiplicity of outcome measures and found no
significant difference between the two groups in the
development of PTSD symptoms.
Compton et al14 conducted a small, prospective, nonrandomized cohort study of 54 family members of patients
who had undergone failed resuscitation of out-of-hospital
arrest. The family members were surveyed using the PTSD
Symptom Scale Interview (PSSI) by telephone a month after
the ED visit. The 34 who had witnessed the CPR had
considerably higher (almost double) PSSI measures than the
20 who had not. The study’s limitations included lack of
randomization, blinding, participant decay, and differing
characteristics between the study groups.
Compton et al 15 prospectively compared two hospitals,
one at which families were permitted to witness non-traumatic
resuscitations (#24) and another at which families were not
(#41). The subjects were interviewed by telephone at one and
two months and evaluated using the PTSD-self report and the
Center for Epidemiologic Studies Depression scale tools. The
only significant difference in bereavement-related PTSD
symptoms between the groups was an increase in arousal in
the FWR group at two months. There were pre-intervention
differences between the two groups, possibly related to
cachement populations of the respective hospitals. The study
was small and not randomized.

The one randomized and controlled study to date was
conducted by Jabre et al16 in Paris. In their health system,
ambulances known as “mobile ICUs” [intensive care units]
are staffed by emergency physicians. Half of the local
ambulance teams gave family members the choice to be
present and the other half did not. Ninety days after the
resuscitation, a blinded psychologist conducted a telephone
questionnaire that included the IES-R. They followed 570
family members for one year to compare psychological
outcomes in those who had been given the option to be
present during resuscitation (n = 239) and those who had not,
as well as between those who had witnessed resuscitation
and those who had not. The authors found that family
members who had not witnessed resuscitation displayed
significantly more PTSD symptoms than those who had (IES
26 to 21, p 0.007) (Table 3).
To summarize the findings of the above studies, one
showed more PTSD symptoms with FWR, one showed fewer
PTSD symptoms with FWR, and two showed no meaningful
difference. Furthermore, there is a diversity of studied
scenarios. Robinson excluded successful resuscitations from
analysis. In another case, only cardiac arrest or violent trauma
were included. Notably, all of these studies were limited to
patients receiving CPR. Yet family members frequently ask to
be present for all manner of ED resuscitations, even if they do
not involve CPR. To our knowledge there is no data for family
members who witness the type of presorted range of
resuscitations that occur in the ED.
Our findings support the hypothesis that witnessing
resuscitation, which is often sudden, unexpected, violent, or
frightening to the observer, may lead to PTSD symptoms. This

Table 3. Prior experimental studies of post-traumatic stress disorder in family-witnessed resuscitation.
Study

Inclusion criteria

PTSD outcome measures

ED cardiac arrest / multi-trauma

IES1

Compton, 200914

Out of hospital cardiac arrest

PSSI2

Compton, 201115

ED cardiac arrest

PSS-SR3

Robinson, 1998

13

Jabre, 2014
Out of hospital cardiac arrest
IES1
PSSI, Post-Traumatic Stress Disorder Symptom Scale Interview; ED, emergency department; IES, Impact of Events Scale; PSS-SR,
post-traumatic stress disorder Symptom Scale—Self Report.
16
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is the first study that examines the effect of family visitation in
an unsorted population of very sick patients that would typically
be seen in the critical care section of a busy ED. In contrast to
the reviewed studies that excluded patients who survived, we
did not track whether or not the resuscitations were successful.
It can be argued that considering all-comers (successful
resuscitation and not) is more relevant from a policy perspective
as it is difficult to tell in advance whether or not a resuscitation
will be effective and the important question is related to the
strategy of how to manage family members of a presorted
population of all critically ill patients. In studies limited to
patients getting CPR – and particularly in those limited to
patient deaths – family members may display a different pattern
of symptoms intertwined in complicated ways with their grief
reaction. The complex interrelationship between PTSD and
bereavement in this context deserves further consideration.
In our study, the composite score and the avoidance
subscore showed significant changes in the FWR group. The
two other subscales did not show any changes. In the four
prior cited studies, Compton (2008) suggested increased
hyperarousal their FWR group and Compton (2011) showed
an increase in hyperarousal at 60 days but not at 30 days. The
other studies used the IES tool, which did not measure
symptoms of hyperarousal.
Our study adds to the limited body of literature on the topic
of PTSD symptoms in FWR in the ED. It is too soon to make
evidence-grounded recommendations about whether or not
families should be encouraged or permitted to witness
resuscitations. For starters, the evidence is conflicting and
incomplete – there is no consistent message in the literature.
Moreover, a potential increase in PTSD symptoms is only one of
many outcome measures that would be relevant to such a
recommendation. In deciding whether to permit family members
to witness resuscitations, one must weigh a slight increase in the
development of PTSD symptoms as evidenced in our study
against potential psychological benefits that are as yet unstudied.
For instance, there is an emerging body of literature suggesting
that PTSD symptoms such as rumination and intrusive thoughts
may be a bridge to post-traumatic growth.21 Other measures
such as development of complicated grief, acute stress disorder,
and depression would also be relevant. Studies show that when
asked, families overwhelmingly prefer to be given the option to
be present.22-25 To limit autonomy based on paternalistic impulse
is to defy the prevailing momentum of increased transparency
in medicine set in motion during the era of patient rights fifty
years ago, and should require a very high bar of evidence. At
this point, there is still no reason to disagree with authors who
advocate giving family members an informed choice to be
present during resuscitations.26
LIMITATIONS
The primary limitation of our design is that the sorting of
subjects into FWR and FNWR groups was not randomized but
rather left to the discretion of the participants. Subjects who
Western Journal of Emergency Medicine

chose to witness resuscitations may have done so because of
closer bonds with their family member, and were therefore
more likely to develop PTSD, potentially skewing the results.
Additionally, the FWR group was somewhat more likely to
include immediate family, although on regression analysis the
presence of immediate family did not correlate with PTSD
symptoms. There was a self-selection bias of the convenience
sample of family members who agreed to participate. Finally,
our analysis could have benefited from a reassessment of
outcome measures at a later time point, as patients can
develop PTSD symptoms even after many months.
CONCLUSION
In our prospective cross-sectional study of an unsorted
population of ED resuscitations, there was an association
between family presence during resuscitation and increased
PTSD symptoms as measured by the IES-R scale. There are
numerous relevant questions that remain unanswered, and
our suggestions for future research would include a longer
follow-up period to assess later development of symptoms as
well as inclusion of measures of post-traumatic
psychological growth. There is also the question of whether
the presence of social workers or chaplains or other informed
guides might affect the outcome of witnessed resuscitations.
Finally, it would be important to replicate this study in a
pediatric patient population.
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Introduction: Expanding naloxone availability is important to reduce opioid-related deaths. Recent
data suggest low, variable urban naloxone availability. No reports describe naloxone availability
at the point of sale (POSN). We characterize POSN without prescription across a Midwestern
metropolitan area, via a unique poison center-based study.
Methods: Pharmacies were randomly sampled within a seven-county metropolitan area,
geospatially mapped, and distributed among seven investigators, who visited pharmacies and asked,
“May I purchase naloxone here without a prescription from my doctor?” Following “No,” investigators
asked, “Are you aware of the state statute that allows you to dispense naloxone to the public under
a standing order?” Materials describing statutory support for POSN were provided. Responses
were uploaded to REDCap in real time. We excluded specialty (veterinary, mail order, or infusion)
pharmacies a priori. POSN availability is presented as descriptive statistics; characteristics of
individual sites associated with POSN availability are reported.
Results: In total, 150 pharmacies were prospectively randomized, with 52 subsequently excluded or
unavailable for survey. Thus, 98 were included in the final analysis. POSN was available at 71 (72.5%)
of 98 pharmacies. POSN availability was more likely at chain than independent pharmacies (84.7%
vs 38.5%, p<0.001); rural areas were more commonly served by independent than chain pharmacies
(47.4% vs 21.5%, p = 0.022). Five chain and five independent pharmacies (18.5% each) were unaware
of state statutory support for collaborative POSN agreements. Statutory awareness was similar between
independent and chain pharmacies (68.8% vs 54.6%, p = 0.453). Rationale for no POSN varied.
Conclusion: POSN is widely available in this metropolitan area. Variability exists between chain
and independent pharmacies, and among pharmacies of the same chain; awareness of statutory
guidance does not. Poison centers can act to define local POSN availability via direct inquiry in their
communities. [West J Emerg Med. 2020;21(5)1188-1194.]

INTRODUCTION
Opioids continue to account for a large proportion of
drug-related deaths in the United States, and were involved
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in over half of all deaths related to drug overdose from
2013–2017.1 Nearly 10% of all substances reported in fatal
drug exposures reported to US poison centers were attributed
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to opioids in 2017, making them the second most commonly
cited exposure category involved in overdose deaths.2 The
importance of efforts to decrease or eliminate morbidity
and mortality attributed to opioid use, misuse, and overdose
remains a public health priority, within which primary
and secondary prevention efforts have been increasingly
accompanied by efforts to broaden the distribution of the
opioid reversal agent, naloxone.2,3
Naloxone has long been recognized as a competitive
opioid receptor antagonist when administered parenterally
or intranasally,4-6 and remains, in conjunction with the
restoration of respiration, the reversal agent of choice
for the treatment of acute opioid toxicity. Naloxone is
increasingly considered an important component of tertiary
prevention and harm reduction in the fight against opioids,7
in addition to its utility in the care of individual patients at
risk for opioid overdose. Naloxone distribution has been
shown to be a cost-effective way to decrease overdose
mortality,8 and evidence modeling naloxone distribution
at a time of increasing fentanyl adulteration suggests
a survival benefit to naloxone distribution.9 Although
penetrance of naloxone prescribing varies,10 the practical
availability of point-of-sale naloxone (POSN) without
a medical prescription remains ill-defined. In a manner
analogous to previously controversial but now widely
accepted needle-exchange programs to prevent the spread
of HIV and other communicable diseases,11,12 expanded
availability of POSN without a medical prescription offers
the hope of increased access to a life-saving antidote with
fewer acquisition barriers.
Although previous studies have characterized the
prevalence of POSN availability without a medical
prescription within pre-specified geographic areas,13,14 to our
knowledge none have characterized naloxone availability
through organized, in-person assessments at the level of
individual pharmacies. The purpose of this study was
to define the availability of POSN within a Midwestern
metropolitan area, and to describe site characteristics
associated with POSN availability.
METHODS
Study Design and Setting
This was a cross-sectional study of POSN availability
conducted at community pharmacies within a large, sevencounty metropolitan area in Minnesota with a total population
of approximately 3,000,000. The study was identified as
exempt from review by the governing institutional review
board. Although the greater metropolitan area is entirely
within the seven counties, some rural areas within these
counties are also represented. Pharmacy locations were
defined as rural if located in a community of fewer than
50,000 people, per the US Census Bureau definition,15,16 and
entirely outside of the US interstate 494/694 ring clearly
defining the central metropolitan area. The remainder
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Changes to legislation have facilitated the
availability of point-of-sale naloxone (POSN)
in many states.
What was the research question?
What is the prevalence of POSN availability
at pharmacies in a large Midwestern
metropolitan area?
What was the major finding of the study?
Of 98 pharmacies approached on foot by
seven Poison Center professionals, 72.5%
offered POSN.
How does this improve population health?
When pharmacies are approached directly,
POSN availability varies. This variability
persists across chain and independent
pharmacies despite statutory awareness

were defined as urban. This definition served to avoid the
inclusion of communities of fewer than 50,000 people, but
geographically located immediately contiguous with urban
areas.
Study Protocol
The Minnesota State Board of Pharmacy lists 569
operational pharmacies within the metro area. From this
list we randomly sampled 150 pharmacies to approach for
this study by using a random number generator in Excel
2013 (Microsoft Corporation, Redmond WA) and sorting
on the randomly generated numbers to select the first 150
sites. We intended to analyze approximately 100 sites,
anticipating limitations to time and resources preventing
additional sampling. A priori exclusion criteria included
known sub-specialization, including mail order, veterinary,
and infusion center pharmacies. We then geospatially
mapped the remaining pharmacies using arcGIS online
2019 (Environmental Systems Research Institute, Redlands,
CA) and divided them by geographic location. Seven
investigators, all based at a single, accredited poison center
were trained equivalently on approaching pharmacies to
inquire about the availability of POSN. These investigators
were assigned to evaluate sampled pharmacies within a
specified geographic region. To minimize the impact of
evolving pharmacy protocols over time, all pharmacies
were visited within a 24-hour period, the majority of which
occurred over a single morning. Once assigned, investigators
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approached each pharmacy in person and asked a series of
scripted questions:
1) “May I purchase naloxone here without a prescription
from my doctor?”
“No” responses to question 1 were followed by a
request to ask the question of the onsite pharmacist for
verification purposes, if initially answered by a nonpharmacist. Following an answer of “no,” the response
to a follow-up question was recorded:
2)“Are you aware of the state statute that allows you to
dispense naloxone to the public under a standing order?”
To simulate anticipated clinical circumstances, the protocol
did not specify that a pharmacist had to be approached and
queried. Rather, investigators were instructed to question the
employee greeting them at the pharmacy.
Pharmacies were provided with information from the state
Board of Pharmacy describing statutory support for collaborative
agreements for standing orders for naloxone. Data including
pharmacy name, survey responses, and geographic address
including county and retail status (chain or independent) were
entered into the REDCap mobile app and uploaded in real time
to a central REDCap v8.11.3 (Vanderbilt University, Nashville,
TN) database. REDCap is a web-based clinical research tool for
creating and storing databases.
Chain community pharmacies were substantially overrepresented in the initial sample. Because of the imbalance that
under-representation of independent pharmacies introduced to
the dataset, one third of sites from each chain pharmacy with
greater than 10 sites sampled were replaced with randomly
selected independent pharmacies using the method described
above. We chose one third to maintain prominent representation
of community chain pharmacies, which are common
throughout the study area, while still affording opportunity for
a meaningful comparison with independent pharmacies. Stata/
IC 15.1 (StataCorp, College Station, TX) was used to assess
the association between pharmacies and POSN availability.
We employed Pearson’s χ2 to assess the association between
the outcome of interest, POSN availability, and independent
variables. Where fewer than five observations per cell were
encountered, we employed Fisher’s exact test.
RESULTS
After a priori exclusions of 15 pharmacies for clear
evidence of a business model (mail order, veterinary medicine,
or infusion center) intended for non-retail or non-human
customers, 135 pharmacies (Figure 1) were approached by
seven investigators comprised of seven Poison Center staff
(five female and two male, of whom four were pharmacists/
specialists in poison information, one an emergency
medicine resident, one a medical toxicology fellow, and one
a medical toxicologist). Median pharmacies approached
by a single investigator was 20 (range 16 – 24). Of the 135
Western Journal of Emergency Medicine

Figure 1. Study flowchart of pharmacies chosen for in-person query
regarding over-the-counter naloxone availability.

pharmacies approached, 37 (27.4%) were excluded due
to closure (22, 16.3%); other than community pharmacy
(eight, 5.9%); membership requirements (two, 1.5%); not at
the described location (two, 1.5%); or other (three, 2.2%).
Thus, we included a total of 98 (73.1%) in the study. A single
investigator approached 12 (9%) pharmacies the evening
prior to the four-hour study period due to time constraints. Of
included pharmacies, 75 (76.5%) were urban; the remaining
23 (23.5%) were rural (Table 1). Pharmacies were widely
distributed across the seven-county metropolitan area.
Naloxone was available at the point of sale at 71 of 98
pharmacies surveyed (72.5%, Figure 2). Pharmacy location
was not associated with POSN availability (rural 65.2% vs
urban 74.7%, p = 0.375, Table 2). Chain pharmacies were
more likely to report POSN availability than independent
pharmacies (chain 84.7% vs independent 38.5%, p<0.001),
and rural areas were more commonly served by independent
pharmacies than chain pharmacies (47.4% vs 21.5%, p =
0.022). Independent pharmacies in rural settings were less
likely to offer POSN than chain pharmacies (30.0% vs 92.3%,
p = 0.006). Among chain pharmacies with more than one
location sampled, POSN availability varied from 66.7-100%
(Table 3) across geographic locations.
Among those without POSN availability, 17 (63%)
were aware of the state statute allowing for the provision

1190

Volume 21, no. 5: September 2020

Olives et al.

Naloxone Availability

Table 1. Characteristics of pharmacies.
Pharmacies
Number sampled
Excluded a priori or at time of assessment
Included for analysis

N (%)
150 (100)
52 (34.7)
98 (65.3)

Urban

75 (76.5)

Rural

23 (23.5)

Chain

72 (73.5)

of POSN via collaborative agreement with a prescribing
practitioner. No differences in statutory familiarity were
apparent when stratified by pharmacy location or retail type
(Table 4). Reasons given for not providing POSN included
a lack of consumer demand, incomplete stocking plans, no
physician collaborator, and refusal to provide naloxone despite
availability (“Yes, I am aware of the statute, but I can use
my discretion and I won’t be giving it out this time”). Still
others indicated that POSN could be provided “if the patient
had risk factors for overdose,” or “if the patient was actively
overdosing.” A single pharmacy denied POSN availability,
was prompted to revisit internal pharmacy guidelines, and
then identified POSN as available.
In a post hoc sensitivity analysis to determine the effect
of oversampling independent pharmacies, we excluded 25
randomly selected independent pharmacies to account for
oversampling. Compared to the overall POSN availability
in our primary analysis, POSN availability in our sensitivity
analysis suggested that our oversampling of independent
pharmacies modestly underestimated availability in this
sample (77.8% vs 72.5%). Differences in availability across
chain and independent pharmacies remained.
DISCUSSION
Pharmacy-based POSN is an evolving harm reduction
approach to limit morbidity and mortality from opioid
overdose. Collaborative naloxone prescribing has developed in
parallel with other models of increasing naloxone availability,
including point-of-contact,17 emergency department-based,18
and pharmacist-driven distribution.19 The present study
suggests that POSN availability is more widespread in this
metropolitan area than it was in 10 New Jersey cities that were
assessed by telephone survey.10 This finding may represent a
meaningful difference in the availability of POSN across the
two regions, but it also may be attributable to the time lapse of
24 months between the two studies.
Support for POSN via collaborative agreements with
medical providers is stipulated in Minnesota statutes (Minn.
Stat. §151.37, subd. 13 [2019]), but is predicated on the
availability of a collaborating healthcare professional willing
to provide a standing order to dispense naloxone. Currently, all
states but Wyoming and Kansas have active naloxone-access
laws.20 Despite this, discrepancies continue to be reported at
Volume 21, no. 5: September 2020

Figure 2. Geospatial distribution of point-of-sale naloxone availability
in the Minneapolis/St. Paul, Minnesota metropolitan area.

the point of sale.21 Our data suggest that chain community
pharmacies were more likely than independent pharmacies
to provide POSN, and episodes of within-chain variability
were common, with availability ranging from 66.7-100%.
This finding is consistent with previously reported variability
in POSN availability between chain and independent
pharmacies,14,22 as well as limited practical availability
of other medications whose delivery has previously been
limited, such as emergency contraception.23 Areas served
predominantly by independent pharmacies are less likely to
have access to POSN than those served by chain pharmacies
despite similar awareness of Minnesota statutory support.
Previous research has revealed that rural areas of Minnesota
are predominantly served by independent pharmacies,24
potentially placing rural populations at risk of poorer access to
POSN than their urban counterparts.
Important differences exist between this study and
previous investigations of naloxone availability. Early
studies of comparative survey methodologies demonstrated
differences in response rates and content between telephonic
and in-person surveys of household drug use,25 but few if any
studies have described differences in healthcare professional
responses to telephonic vs in-person queries of available
services. It is likely that our results may have differed if we
had contacted pharmacies by telephone, rather than presenting
in person. Importantly, at least one point of contact with a
community pharmacy led to the correction of a pharmacist’s
erroneous belief that POSN was not available in her pharmacy.
This community-based research, in which investigators sought
to contribute to broader medical knowledge while at the
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Table 2. Comparison of point-of-sale naloxone availability by
pharmacy characteristic.
Pharmacy characteristic

POSN N (%)

Table 3. Point-of-sale naloxone availability across chain
pharmacies with more than one site sampled.
Pharmacy:

P-value

A

B

C

D

E

F

G

61/72 (84.7)

n

18/19

15/16

7/9

7/8

7/7

2/3

2/2

Independent

10/26 (38.5)

%

94.7

93.8

77.8

87.5

100

66.7

100

Urban

56/75 (74.7)

Rural

15/23 (65.2)

Chain

<0.001
0.375

POSN, point-of-sale naloxone.

same time effecting change to improve community health,
is previously described,26 and represents a unique form of
community advocacy undertaken at the level of the individual
poison center.
The finding that up to 45% of pharmacy staff reporting
no POSN availability were unaware of statutory support
for collaborative prescribing protocols highlights two
important findings from this study. First, an opportunity
exists to better educate community pharmacists such that
POSN is acknowledged as an option. When coupled with
the community-based approach to survey data collection,
this finding also provided an immediate opportunity to
educate pharmacists at the point of contact regarding
statutory support for POSN. Poison centers are well-known
agents of change with respect to legislative lobbying;27
however, affecting change at the level of individual
pharmacies through face-to-face interaction is unique
even among poison centers. Although a national trend
in increased naloxone prescriptions is evident, 2018 saw
more than half a million prescriptions for naloxone written,
compared to more than 38 million prescriptions for highdose opioids.28 An opportunity exists to augment naloxone
dispensation relative to opioid prescriptions; poison centers
may hold multiple roles in this endeavor.
In addition to the isolated finding of a pharmacist
prompted to revisit retail protocols to verify POSN
availability despite her previous understanding to the contrary,
still other reported reasons for failure to provide POSN
were uncovered. These ranged from a perceived need to
demonstrate overdose risk factors prior to providing POSN,
to using personal discretion in deciding not to provide POSN
despite an acknowledged capacity and institutional policy
to provide it. These responses highlight opportunities for
additional education within pharmacies to optimize naloxone
distribution. Although assessing the impact of this survey
on naloxone availability was not a formal study aim, future
investigations might consider iterative assessments of
naloxone availability following similar surveys.
LIMITATIONS
A number of limitations apply to this study. Of particular
note, we sampled a fixed, random sample of pharmacies
within the metropolitan area. Although nearly one out of every
Western Journal of Emergency Medicine

five community pharmacies were successfully approached,
a broader sample would have added strength to our findings.
However, the in-person approach to surveying resulted in
successful assessments of all pharmacies included in the
study, and thus our sample likely represents as good or better
an appraisal as a telephonic survey would have, accounting
for likely non-responders. Nonetheless, our study did not
account for medication stocking maintenance or other barriers
to dispensation previously reported to affect individual
pharmacies’ capacities to provide POSN.29
Similarly, our resources limited us from investigating
naloxone availability within a broader geographic region
including more rural communities. Our findings are thus more
limited in their generalizability. Nonetheless, the finding that
independent pharmacies are less likely to provide POSN,
contextualized in previous data suggesting that rural areas
in the region are heavily served by independent pharmacies,
suggests that rural regions are less likely to have access to
POSN via collaborative prescription protocols. An additional
geographic limitation of this study was the specificity of our
findings to a single state. Legislative efforts to promote POSN
availability are variable across states, impacting state-to-state
availability of POSN. Differences in availability of POSN
secondary to legislative differences would likely be found by
the current study protocol, given the “boots on the ground”
approach to data collection; however, the evaluation of stateto-state differences in POSN availability was beyond the
scope of the current study.
We chose to oversample independent pharmacies
intentionally, at the expense of chain pharmacies. While this
may have introduced a degree of bias to results, oversampling
of independent pharmacies provided for a more balanced
population and assessment of the impact of pharmacy type

Table 4. Awareness of state statutory support for point-of-sale
naloxone among pharmacists reporting no access to point-ofsale naloxone.
Pharmacy characteristic
POSN N(%)
P-value
Chain

17/27 (63.0)

Independent

11/16 (68.8)

Urban

12/19 (63.2)

Rural

5/8 (62.5)

0.687
1.000

POSN, point-of-sale naloxone.
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on POSN availability, an association that we predicted based
on previously published research. Ultimately this decision
likely led to an underestimate of POSN availability in our
community, although our sensitivity analysis suggested a
magnitude of underestimation to be approximately 5%.
Finally, we did not collect data on the role of the
employee approached at individual pharmacies. It is plausible
that answers would differ meaningfully between pharmacy
technicians and pharmacists. We attempted to address this
possible confounder by following up negative responses
delivered by non-pharmacists with requests to speak directly
with a pharmacist. Delivering the study question to the
pharmacy professional who greeted researchers, best reflecting
actual conditions at the point of sale, was determined to be a
better reflection of reality than directing the study question
solely to pharmacists.
CONCLUSION
Point-of-sale naloxone is more widely available in this
Midwestern metropolitan area than in recently described
metropolitan areas in other regions of the United States.
Although collaborative prescribing protocols are one of many
naloxone distribution strategies contributing to harm reduction
efforts, the survey method used in this study represents a
unique “boots on the ground” for poison center professionals
to champion change.
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Introduction: Our goal was to assess the diagnostic utility and temporal kinetics of serum creatine
kinase (CK) measurement as a predictor of acute kidney injury (AKI) in emergency department (ED)
patients who present with possible substance-use related conditions.
Methods: This was a retrospective chart review of ED patients with a urine drug screen (UDS)
ordered and resulted between 2009–2013. Data was extracted electronically from EPIC Systems
electronic health records, populated into a Microsoft Excel file, and includes demographics,
chief complaint, vital signs, neuro-psychiatric physical examination findings, laboratory findings,
psychiatric consult order time, ED medications given, orders, disposition and its time, and diagnosis.
Results: Of 74,970 patients with an ED UDS, 22,101 (29%) had at least one CK measured. After
inclusion and exclusion criteria, 2858 (13%) remained. Mean (standard deviation [SD]) age was
43.3 (12.5) years, 73% were male, 61% Black, 22% White, and 17% Hispanic. Mean (SD) ED length
of stay was 10.4 (5.8) hours, and 56.7% were hospitalized. On average, CK was higher at 6-12
hours (p<0.001) and 12-18 hours (p=0.016) compared to 6 hours. CK was lower at 42-56 hours (p =
0.011), 72 hours (p<0.001), and over 72 hours (p<0.001), compared to 6 hours. Maximum CK was
determined in those with >2 CK measures. We defined AKI risk as a creatinine of >1.4 milligrams per
deciliter based on RIFLE criteria. AKI risk was calculated among those with at least two creatinine
values in 522 patients. We identified five (1%) patients as having AKI risk. The odds of AKI risk were
not associated with increase in CK over time.
Conclusion: In 74,970 ED patients undergoing UDS testing for potential substance abuse, there
was no identifiable CK level associated with AKI risk. In patients with possible substance-use
conditions, CK continued to trend up even after six hours from door time and began to decrease
after 42 hours. We found no value in repeated ED CK measures. Disposition should not be based
solely on CK levels. [West J Emerg Med. 2020;21(5)1195-1200.]

INTRODUCTION
Behavioral emergencies are responsible for approximately
6% of all emergency department (ED) visits in the United
States,1 where emergency physicians are frequently asked to
exclude medical illnesses that may be causing or contributing
to the patient’s acute psychiatric symptoms.2 While the policy
of the American College of Emergency Physicians states that
in adult ED patients with primary psychiatric complaints,
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diagnostic evaluation should be directed by the history and
physical examination and that routine laboratory testing of all
patients is of very low yield, considerable variation exists
between physicians, departments, and institutions in what is
generally considered necessary in the medical assessment of
patients with acute psychiatric emergencies.3
Substance use is a common ED presentation, and alcohol,
heroin, and cocaine have all been shown to cause
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rhabdomyolysis. Rhabdomyolysis causes about 7-10% of all
cases of acute kidney injury (AKI) annually.4,5 Previous
studies have shown that the incidence of AKI is higher among
patients who have rhabdomyolysis as a consequence of illicit
drug or alcohol use.6-8 The same study found a 3.4% mortality
among this cohort of patients with substance use and AKI.
Thus, the importance of identifying and treating potential
rhabdomyolysis or AKI prior to medically clearing patients
with substance use is evident.
A diagnosis of rhabdomyolysis is made by testing serum
creatine kinase (CK) levels. The consensus definition has rather
arbitrarily been chosen as five times the upper limit of normal,
or approximately 1000 units per liter (U/L). More recently,
proposed guidelines suggest that a diagnosis of rhabdomyolysis
should be made only when the serum CK is higher than 50
times of the upper limit of normal or when CK elevation is
accompanied by findings of AKI. This is because a mild to
moderate elevation of serum CK above the normal reference
range is expected in healthy adults after physical exertion.
These mild to moderate elevations are often not clinically
significant and do not require medical management, such as
serial laboratory testing or intravenous (IV) hydration.9,10
Previously, weak correlations between the peak CK value
and the incidence of AKI or peak serum creatinine have been
reported.4 One study of 72 patients had shown that one-fourth
of the patients with peak CK >10,000 U/L and positive drug
screens for cocaine or heroin developed rhabdomyolysisassociated renal failure.11 Often, when AKI is seen at low CK
levels around 5000 U/L, this occurs in the presence of several
comorbidities such as sepsis, dehydration, and acidosis.12
It has been our experience that psychiatric facilities
arbitrarily set low thresholds for serum CK above which they
will not accept psychiatric patients in transfer until those levels
normalize or show a decreasing trend. This practice typically
leads to a delay in transfer of such patients to psychiatric
facilities by way of serial laboratory testing, IV fluid therapy,
and medical hospitalization—the benefit of which is not
unequivocally proven.
Given the above, here we set out to investigate the diagnostic
utility and temporal kinetics of serum CK measurement as a
predictor of AKI in ED patients who present with possible
substance-use related conditions. Some of the patients we labeled
as AKI could have had acute renal failure. This will be further
detailed in the “Methods” section. Our purpose was to assess the
diagnostic utility and temporal kinetics of serum CK
measurement as a predictor of AKI in ED patients who present
with possible substance-use related conditions.
METHODS
This was a retrospective cohort analysis of ED patients who
presented to Ben Taub General Hospital (BTGH) and had a urine
drug screen (UDS) ordered and resulted between 2009–2013. The
UDS used was a quantitative, 10-panel immunoassay UDS that
included amphetamine; barbiturate; benzodiazepines; cocaine;
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
There is conflicting information on how
to use serum creatine kinase (CK) in
evaluating patients with possible substance-use
related conditions.
What was the research question?
In patients with possible substance use,
what level of CK is associated with acute
kidney injury?
What was the major finding of the study?
There was no value in repeated CK measures
in the emergency department (ED). Disposition
should not be based solely on CK level.
How does this improve population health?
This finding will help decrease unnecessary
testing, lowering ED length of stay, and
consequently ED waiting time.

methadone; opiates; oxycodone/oxymorphone; phencyclidine;
propoxyphene; and tetrahydrocannabinol, provided by American
Screening Corp. BTGH is a Level 1 trauma center and the largest
county hospital in Houston, Texas. It is the only hospital in
Houston with a psychiatric ED that is open 24 hours a day. In
2009 the BTGH ED starting using the EPIC ED module ASAP
(Epic Systems, Verona, WI) , which allows for extraction of
clinical data electronically. Data collection was completed by
2015, but statistical analysis was not done until 2018 as the author
was matriculated in a full-time clinical training program.
Data was extracted electronically from EPIC, populated into
a Microsoft Excel (Microsoft Corporation, Redmond, WA) file,
and includes demographics, chief complaints, vital signs,
neuro-psychiatric physical examination findings, laboratory
findings, psychiatric consult order time, ED medications given,
orders, disposition and its time, and diagnosis. Inclusion criteria
were either a positive UDS or serum ethanol >0.08 grams per
deciliter (g/dL), with a chief complaint, diagnosis, or physical
finding of intoxication, agitation, drug use, or confusion.
Exclusion criteria included conditions that may alter CK results,
including a history of chronic kidney disease, age >65 years, or a
temperature >102 degrees Fahrenheit at any time.
Statistical Analysis
Patient characteristics were summarized by frequency
with percentage and mean with standard deviation. AKI risk
was defined as a creatinine of > 1.4 times baseline creatinine,
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as defined by RIFLE (Risk, Injury, Failure, Loss of kidney
function, and End-stage kidney disease) classification. It is
commonly labeled simply as AKI. We used the RIFLE term
“AKI risk.”13 We labeled all patients with creatinine >1.4 x
baseline as AKI risk with no subset analysis for patients with
renal failure. As a result, these patients can be more accurately
labeled as “at least AKI risk.” CK and creatinine were then
summarized over time. A mixed model linear regression with
discrete residuals was used to assess log transformed CK over
time. Note that due to the skewed nature of the data, CK was
log transformed.
This study was approved by the Baylor College of
Medicine (BCM) Institutional Review Board. This approval
was maintained until data analysis was complete by 2018.
Patient confidentiality was maintained. All data were stored
on a password-protected computer accessible only to study
investigators. The password-protected computers were
managed and maintained by the BCM information
technology department. Patients were not directly contacted.
The original file included the patient’s CSN# (account
number) as well as a running counter. The file was kept in
the principal investigator (PI)’s password-protected BCM
computer located in the PI’s .locked office. The PI deidentified the file (deleted CSN/medical record [MR]#
columns) and saved the PHI redacted Excel file as a new
password-protected file. The PHI (MR#/CSN) were deleted
from the dataset before analysis.
RESULTS
There were 74,970 patients in the dataset, 52,869 with
no CK measures and 22,101 (29%) with at least one CK
measure. A total of 4272 patients had a chief complaint,
diagnosis, or physical finding of intoxication, agitation or
drug use, and 3085 of them had positive UDL or serum
ethanol >0.08 g/dL. Eighty-eight patients were older than 65
years old; 72 of the remaining 2997 patients had history of
chronic kidney disease; and 67 out of the remaining 2925
patients had a temperature more than 102º F at any time.
Therefore, after applying the rest of the inclusion and
exclusion criteria, 2858 (13%) patients remained. Mean age
was 43.3 (standard deviation 12.5) years, 73% were male,
61% Black, 22% White, and 17% Hispanic.
On average, CK was higher at 6-12 hours (p<0.001) and
12-18 hours (p = 0.016) compared to 6 hours. Additionally,
CK was lower at 42-56 hours (p=0.011), 72 hours (p<0.001),
and over 72 hours (p<0.001), compared to 6 hours. CK
geometric mean over time is shown in Figure 1. The geometric
mean is defined as the nth root of the product of n numbers for
each time interval. Note that the y-axis of the figure is on the
log scale. Fewer than 10 measures had a CK of zero that were
dropped for the figure (since log of zero cannot be calculated).
On average, CK is higher at 6-12 hours (p<0.001), and
12-18 hours (p = 0.016) compared to 6 hours. When compared
to 6 hours on average, CK is lower at 42-56 hours (p = 0.011),
Volume 21, no. 5: September 2020

Figure 1. Serum creatine kinase levels over time in patients
presenting to the emergency department with substance use.
CK, creatine kinase; ED, emergency department.

72 hours (p<0.001), and over 72 hours (p<0.001). This is
available in supplemental materials as Table 1: The mixed
model results for log CK over time. The average CK over time
is shown with 95% confidence intervals in Figure 2. A figure
of CK over time for those with at least three CK measures is
available in supplemental materials. The geometric mean for
CK is 335 U/L at 6 hours; 380 U/L at 6-12 hours; 358 U/L at
12-18 hours; 351 U/L at 18-24 hours; 324 U/L at 24-36 hours;
336 U/L at 36-42 hours; 299 U/L at 42-56 hours; 274 U/L at
72 hours; and 133 U/L at over 72 hours.
When looking at maximum CK (Table 1), we only used
patients with at least three CK measures, which was 888 U/L.

Figure 2. Log transformed serum creatine kinase level over
time in patients presenting to the emergency department with
substance use. The average CK over time is shown with 95%
confidence intervals in Figure 2. The geometric mean for CK is
335 U/L at 6 hrs, 380 U/L at 6-12 hrs, 358 U/L at 12-18 hrs, 351
U/L at 18-24 hrs, 324 U/L at 24-36 hrs, 336 U/L at 36-42 hrs, 299
U/L at 42-56 hrs, 274 U/L at 72 hrs, and 133 U/L at over 72 hrs.
CK, creatine kinase; ED, emergency department.
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Table 1. Time interval associated with maximum serum creatine
kinase (CK) level in patients with 3 CK measurements taken, n = 888.
Time interval of
Measurement (hrs)
<6
6 – 12
12 – 18
18 – 24
24 – 36
36 – 42
42 – 56
72
>72

Frequency (n) of
Maximum CK

%

218
168
153
124
96
51
31
22
25

24.6
18.9
17.2
14.0
10.8
5.7
3.5
2.5
2.8

In patients presenting to the ED with at least 3 serum CK
measurements, the maximum CK was most frequently seen at
the initial time interval prior to 6 hours. The frequency in which the
maximum CK level was seen decreased as the time after 6 hours
increased.
CK, creatine kinase; hrs, hours; ED, emergency department.

AKI risk was calculated among those with at least two
creatinine values, or 522 patients. There were five (1%)
patients identified as having AKI risk. The odds of AKI risk
were not associated with increase in CK over time.
Table 2 shows the logistic regression results for AKI risk.
Note that each row is a separate model for logistic regression
and that times 6-12 hours and 72 hours could not converge.
When looking at the full population, mean (SD) ED length of
stay was 10.4 (5.8) hours and 56.7% were hospitalized (Table
3). Admissions were to either medical or psychiatric wards
within the hospital. All the transferred patients were
transferred to another psychiatric facility when no bed was
available in the psychiatric ward.
DISCUSSION
Most labs set upper normal limit of serum CK as 198 U/L.4
Although a variety of conditions can contribute to serum CK
above that level, most of them are not clinically significant. The
clinical significance of rhabdomyolysis lies when there is
associated acute renal failure and, subsequently, electrolyte
disturbance.14 Ruling out clinically significant rhabdomyolysis in
the ED often can be challenging. Incidence of acute renal failure
secondary to rhabdomyolysis varies according to the cause of the
disease and can range between 1-45%.4 While limited studies
reported the incidence of renal failure in patients with substance
use, most were done in a chronic substance use setting. These
studies were also limited by sample size, which ranged between
16 to 716 patients.15-18 Moreover, some results contradicted each
other. While most studies report AKI incidence of less than 5% , a
study by Akmal et al reported 40% of acute renal failure from
rhabdoyolysis cause by phencyclidine.19
Using the electronic health record, we were able to extract
data for a relatively large sample size, or 74,970 patients who
Western Journal of Emergency Medicine
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Table 2. Univariate logistic regression for acute kidney injury
based on 500-unit Increase in serum creatine kinase level.
Time interval of
measurement (hrs)
Odds ratio
95% CI
N
<6
0.01
0.00-0.52
234
12 – 18
0.71
0.47-1.07
173
18 – 24
0.86
0.64-1.17
167
24 – 36
1.00
1.00-1.01
168
36 – 42
0.92
0.89-0.96
84
42 – 56
1.01
1.00-1.01
101
>72
1.06
0.99-1.12
110
Max
1.00
1.00-1.01
205
Note that each row is a separate model for logistic regression and
that times 6-12 hrs and 72 hrs could not converge. The odds of
acute ikidney injury (AKI) risk are decreased as creatine kinase
(CK) increases for 6 hrs (p=0.021) and 36-24 hrs (p<0.001). No
other CK measures are statistically associated with AKI.
hrs, hours; CI, confidence interval; ED, emergency department.

had UDS results and 22,101 (29%) who had at least one CK
measured. With this large sample size, we were able to better
assess early temporal kinetics of serum CK measurement and
its diagnostic utility in ED.
The finding that serum CK levels continued to trend up
and did not fall significantly below arrival measurements until
after 42 hours supports that there is limited value in repeated
measurements in the ED and a patient’s disposition should not
be based solely on CK levels. Accordingly, when patients need
to be transferred to a psychiatric facility, the accepting facility
may not benefit from a repeated serum CK level and decision
whether patient can be medically cleared should be based on
other factors. We recommend discussing this finding with
psychiatric departments’ decision-makers through
interdepartmental meetings or in the form of a letter to
psychiatric hospitals’ medical directors.
As in previous studies,20 only 1% of patients had AKI risk.
It is worth noting that many of these patients were brought in
by emergency medical services, where prehospital care could
have been started that may have included IV fluid
administration and, subsequently, low incidence of AKI risk.
Although a similar incidence was reported in prior studies, our
extracted data did not indicate whether such prehospital
intervention was done.
Unlike some prior studies, we did not find an identifiable
CK level associated with AKI, which could have been
attributed to the small number of this subset group.
Nevertheless, the finding that the odds of AKI are not
associated with an increase in CK over time was limited by
the small sample of this subset group analysis.
LIMITATIONS
One of the limitations in this retrospective cohort study
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Table 3. Creatine kinase measurement status and final disposition
effect on mean ED length of stay, n = 74,970.
N

Mean ED LOS in
hours (SD)

P-value

No

52,818

10.7 (6.0)

reference

Yes

22,101

10.4 (5.8)

<0.001

Home

32,438

10.9 (5.7)

reference

Other

42,532

10.5 (6.1)

<0.001

Patient characterisitics
CK measurement

Disposition

When looking at the full initial patient population presenting to the
ED with a chief complaint of intoxication, agitation, drug use, or
confusion, and either a positive urine drug screen or serum ethanol
> 0.08 g/dl, the mean ED LOS was higher in those patients who had
no CK measurements done (p < .001) and those patients who were
discharged home (p < .001).
CK, creatine kinase; ED, emergency department; LOS, length
of stay; SD, standard deviation.

was that patients included in the study only had possible
substance abuse. Inclusion criteria was either legally
intoxicated with alcohol, as per the State of Texas serum
alcohol level > 0.08, or had positive substance with a UDS
and deemed intoxicated by the clinician (physician, physician
assistant or nurse practitioner). Due to the fact that a positive
predictive value of current UDS testing can be very low for
some substances,21 only patients who were deemed intoxicated
by the clinician were included in the study, for both alcohol
and UDS. In patients who were included, the clinician
indicated in the chart (either as patient self-reported chief
complaint, clinical impression diagnosed as an International
Classification of Diseases, Editions 9/10 diagnosis, or physical
exam finding – usually predefined check boxes – that a patient
had one of the following: intoxication, agitation, drug use, or
confusion. While exclusion criteria included conditions that
could affect CK,4 these are predefined boxes in the history
section of the ED chart that are often skipped by emergency
clinicians. Another limitation is that patients who reported
drug use by history and had negative UDS were not included
in the study. Some of these patients could have had false
negative results.
We defined AKI risk according to RIFLE criteria, which
classifies elevation of serum creatinine >2x baseline as renal
failure. We labeled all patients with creatinine >1.4x baseline
as AKI risk with no subset analysis for patients with renal
failure. This was due to the small sample size in this group.
Although we excluded patients with end stage renal disease,
we did not included glomerular filtration rate or urine output,
both of which are significant factors of RIFLE.13 However, it
would have been helpful to have carried out a subset analysis
to each substance and alcohol separately, as some prior studies
reported varying level of morbidity in certain substances.22
Volume 21, no. 5: September 2020

Further, it is possible that some substances had a diluting
effect, as a previously mentioned study by Akmal et al.
reported a 40% incidence of acute renal failure from
rhabdomyolysis in the setting of phencyclidine use.18 Another
limitation was the fact that we did not perform prior power
analysis. Therefore, it is possible that this study was not
powered enough to detect an association between AKI risk
and an increase in CK over time, if there was any.
Although we did not derive valuable information in regard
to ED length of stay, one may notice the relatively long
average ED stay. In this county/teaching hospital, both waiting
time and boarding time are relatively greater than other
community hospitals. This is more evident in this patient
population. Due to the fact that BTGH is the only psychiatric
ED open 24 hours in Houston, it is possible that many of these
patients needed inpatient psychiatric admission or transfer to
another Harris county psychiatric facility, both of which can
further delay disposition.
CONCLUSION
In this population of patients presenting to the ED with
substance use, we found that there was no identifiable CK
level associated with increased AKI risk. We found that CK
levels continued to trend up and did not fall significantly
below arrival measurements until after 42 hours. Our findings
support that there is limited value in repeated ED CK
measurements, and disposition should not be based solely on
CK levels. Further research is needed to expand understanding
of the risk relationship between AKI risk, creatinine, and CK
levels with the potential for more judicious ordering of
diagnostic lab tests.
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Introduction: For early detection of sepsis, automated systems within the electronic health record have
evolved to alert emergency department (ED) personnel to the possibility of sepsis, and in some cases
link them to suggested care pathways. We conducted a systematic review of automated sepsis-alert
detection systems in the ED.
Methods: We searched multiple health literature databases from the earliest available dates to August
2018. Articles were screened based on abstract, again via manuscript, and further narrowed with set
inclusion criteria: 1) adult patients in the ED diagnosed with sepsis, severe sepsis, or septic shock; 2) an
electronic system that alerts a healthcare provider of sepsis in real or near-real time; and 3) measures of
diagnostic accuracy or quality of sepsis alerts. The final, detailed review was guided by QUADAS-2 and
GRADE criteria. We tracked all articles using an online tool (Covidence), and the review was registered
with PROSPERO registry of reviews. A two-author consensus was reached at the article choice stage
and final review stage. Due to the variation in alert criteria and methods of sepsis diagnosis confirmation,
the data were not combined for meta-analysis.
Results: We screened 693 articles by title and abstract and 20 by full text; we then selected 10
for the study. The articles were published between 2009–2018. Two studies had algorithm-based
alert systems, while eight had rule-based alert systems. All systems used different criteria based on
systemic inflammatory response syndrome (SIRS) to define sepsis. Sensitivities ranged from 10100%, specificities from 78-99%, and positive predictive value from 5.8-54%. Negative predictive
value was consistently high at 99-100%. Studies showed some evidence for improved process-ofcare markers, including improved time to antibiotics. Length of stay improved in two studies. One low
quality study showed improved mortality.
Conclusion: The limited evidence available suggests that sepsis alerts in the ED setting can be set
to high sensitivity. No high-quality studies showed a difference in mortality, but evidence exists for
improvements in process of care. Significant further work is needed to understand the consequences
of alert fatigue and sensitivity set points. [West J Emerg Med. 2020;21(5)1201-1210.]

INTRODUCTION
Sepsis is defined as life-threatening organ dysfunction due
to a dysregulated inflammatory response to infection.1 It is
implicated in an estimated 1.7 million hospitalizations each year
and is among the most costly conditions for hospitals.2,3 Delays
Volume 21, no. 5: September 2020

in diagnosis of sepsis can lead to delay in treatment,4,5 which
can lead to increased morbidity and mortality.6 Quality
measures now track time to these treatments as process markers
of successful care.7 While studies have questioned some of the
interventions, such as protocol-driven fluid resuscitation,8 there
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is general agreement that early antibiotic administration reduces
mortality from sepsis.6,9-11
Risk for delays in diagnosis led to the development of
automatic electronic sepsis alerts built into electronic health
record (EHR) systems.10,12,13 Some of these systems were
created for use in the inpatient ward,14,15 intensive care unit
(ICU),16,17 and emergency department (ED),18,19 and some
stretch across settings within a healthcare system.20,21 One study
demonstrated that over 75% of sepsis hospitalizations presented
in the ED, warranting a focused study of this population.22
The challenge of demonstrating the marginal impact of these
systems is that they act alongside existing sepsis care processes in
a very ill population whose incremental change in mortality may
be difficult to detect. In addition, thanks to education campaigns
for staff,10 the drive toward improvement in quality measures,23
and increasing board certification of emergency providers,24 ED
personnel have become better trained and are likely better at
detecting sepsis. Thus, in the highly visually and electronically
monitored ED setting, the benefit of these systems over clinician
gestalt may diminish over time.
The possibility still exists that automated sepsis alerts may
be an important method to detect more subtle cases or earlier
presentations and may have greater value in less monitored
settings. The value of these alert systems is measured based on
their detection accuracy, with a goal of high sensitivity and,
more importantly, their impact on process or outcome measures.
However, alert systems carry a risk of alarm fatigue and
distraction.25,26 Sepsis alerts add to already increasing alarms
with the EHR, including those for physiology monitors,
pharmacy checking, and infectious disease isolation. The
positive impact of these automated sepsis alerts and their alarm
methods on sepsis care, specific to the ED, remains an open
question, and drove the desire for this systematic review.
Alert systems vary in their criteria. Early systems were
often rule-based using the Centers for Medicare and Medicaid
Services (CMS) Sepsis-1 definition of sepsis: two of four
systemic inflammatory response syndrome (SIRS) criteria with
a suspected or identified infection source. SIRS is defined as at
least two of the following four findings: temperature >38°
Celsius (C) (100.4° Fahrenheit [F]) or <36°C (96.8°F); heart
rate >90 beats/minute; respiratory rate >20 breaths/minute; or
white blood count >12,000 per microliter (µL) or <4000/µL or
10% band forms.1 CMS with sepsis-2 set elevated temperature
at >38.3°C (100.9°F).27 More advanced systems are using
algorithms, which expand on the limited criteria of rule-based
systems. Such criteria may include past medical history and lab
values or vitals with near-real time updating.
Evaluation of the success of these systems is complicated
by difficulty establishing consensus28 and evolving definitions
for the sepsis spectrum, including the 2016 update to sepsis-3.1
Thus, the diagnostic criteria are both evolving and in most
cases based on discharge diagnosis, rather than information
available in the ED. The ability to accurately diagnose and
treat a specific disease may be measured by studying discharge
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
The use of automated clinical alerts is
increasing, and complex algorithmic models
are now being implemented.
What was the research question?
How do sepsis alert systems in the emergency
department perform based on accuracy and
quality measures?
What was the major finding of the study?
Process measures moderately improved. One
low-quality study showed mortality benefit,
while no high-quality studies did.
How does this improve population health?
Further research of alert system elements is
needed. Our goal is to guide the development
of sepsis alerts to improve outcome measures.

diagnosis, but it may not account for clinician decisions made
with limited information, as is often encountered in ED
settings. Discharge diagnosis as a standard does not account
for a clinician’s ability to risk stratify and exclude lifethreatening conditions, which is valuable for stabilizing
patients and completing the diagnostic workup. Although
using chief complaint for quality evaluation or diagnostic
criteria has been proposed, it has yet to be standardized.29,30
Due to evolving systems and definitions, we systematically
reviewed studies assessing the effectiveness of these alerts. Our
objectives were to determine whether automated electronic
sepsis alerts in the ED are accurate and whether they have an
impact on quality measures and/or mortality.
METHODS
This review followed guidelines presented by the Preferred
Reporting Items for a Systematic Review and Meta-analysis of
Diagnostic Test Accuracy Studies (PRISMA-DTA) and
PRISMA-P.31,32 This review was registered with PROSPERO
(Prospective Register of Systematic Reviews) .
Search Strategy
Databases for the search included PubMed MEDLINE,
Embase, the Cochrane Library, and the Cumulative Index of
Nursing and Allied Health Literature (CINAHL), from the
earliest available dates to August 2, 2018. We defined the search
according to four fields: emergency department; sepsis;
electronic health record; and alerts/alarms. Details of the search
strategy are described in Appendix A.
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Eligibility Criteria
Randomized trials, performance improvement trials
(including before and after studies), and cohort studies were
included in the screening. Eligible studies included published
articles with the following: 1) adult patients in the ED,
diagnosed with sepsis, severe sepsis, or septic shock (hereafter
referred to as sepsis); 2) an electronic system that alerts a
healthcare provider of sepsis in real or near-real time; and 3)
measures of diagnostic accuracy or impact on quality of care
measures. Exclusion criteria included the following: 1) primary
data based on non-ED settings, such as prehospital, ICU, or the
general wards; 2) articles studying medical conditions that can
present with sepsis, such as specific infections (eg, influenza),
pregnancy-related issues, and bacteremia, without assessing
sepsis independently; 3) alert systems that screen only at triage,
as opposed to reaching an alert trigger threshold at any point in
the ED visit; and 4) non-English language articles lacking
translation. We ensured chosen articles came from peerreviewed sources based on the presence of a peer-review
process description on the journal homepage.
Study Records
We collected citations in a reference manager software
Zotero (Corporation of Digital Scholarship, George Mason
University, Fairfax, VA). Article screening was completed
through the online software Covidence systematic review
software (Veritas Health Innovation, Melbourne, Australia).
Two independent reviewers (authors WB and MH), selected for
articles based on the inclusion and exclusion criteria in the title
and abstract screenings. At the next stage, two independent
reviewers (authors WB and EP) selected articles in the full-text
screening. Conflicts were resolved through regular meetings or
conference calls. Data was collected by WB and MH, and then
extracted with Covidence to be stored as a secure Microsoft
Excel file (Microsoft Corporation, Redmond, WA).
Data Items
Qualitative data items for extraction included clinical
setting, study design, age group, type of alert system, definition/
threshold for the alert, method of alert notification, treatment
recommendation, and reference standard. The implemented
alert system was considered the index test. We classified the
alert systems as rule based or algorithm based. Among the
eligible studies, the rule-based alerts used SIRS criteria. The
algorithmic alerts had unique measures such as vitals, Glasgow
Coma Scale, and creatinine. Variations for either system are
described in Table 1. Quantitative data items included sample
size, population size, accuracy, and outcome measures.
Outcomes and Prioritization and Diagnostic Accuracy
Measures
We extracted data from articles on sepsis alerts for both
diagnostic accuracy and impact on quality measures. Diagnostic
accuracy assesses the ability of the alert to accurately detect
Volume 21, no. 5: September 2020

sepsis. Measurements included positive and negative predictive
values, sensitivity, and specificity. Quality measures of interest
were process and outcome measures. Examples of process
markers included compliance or time to antibiotic
administration, fluid resuscitation, and lactate measurement.
Outcome measures included mortality and length of ICU stay,
although various additional markers were captured by different
authors. When reported by the authors, we used confidence
intervals for the given estimates.
Data Synthesis
A qualitative analysis of each study was used. The variation
of sepsis definition for the alerts, the set points, methods of
alerting, response processes, etc prevented an aggregated
quantitative analysis.
Bias and Applicability
Covidence included a bias rating system based on the
Cochrane standard of quality assessment. We added criteria
from the Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) to effectively assess diagnostic accuracy of the
articles, per the recommendation of PRISMA-DTA, Leeflang,
and Cochrane.31,33,34 We rated quality measure articles following
the guidance of GRADE (Grades of Recommendation
Assessment, Development and Evaluation).35 Each article was
rated for bias regarding blinding of participants and personnel to
the alert, blinding of outcome assessors, incomplete outcome
data, selective outcome reporting, the index test, gold standard,
and flow and timing. Once each component was finalized, a
consensus overall quality rating was decided based on the risk
of biases. The overall quality was scaled relative to the cohort
study design. No articles had strong experimental designs (ie,
randomized controlled trials); therefore, quality was ranked
based on comparison within this cohort of articles. Details are
recorded in Appendix B.
RESULTS
Study Selection and Characteristics
We imported 731 articles into Covidence. After duplicate
removal, 693 were screened by title and abstract. Twenty
articles underwent full-text assessment, and 10 were selected for
the study (Figure).
Eight of these studies assessed diagnostic accuracy and six
assessed quality measures. All studies were prospective or
retrospective cohorts and were conducted in urban, tertiary and/
or academic medical centers (Table 1). Publishing years ranged
from 2009–2018. Two studies had algorithm-based alert
systems, while eight had rule sets. All systems used different
criteria based on SIRS to define sepsis. There was significant
variability in the criteria used for activation of the sepsis alert,
the threshold definitions that activated the alert, the presence or
absence of triggering links to care order sets, and the degree and
type of interventions triggered by the alert. Likewise, there were
variations in the diagnostic criteria standards against which the
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Table 1. Characteristics of included studies.

Source
(the article)

Study design

Demographic

Type
of alert
system (the
index test)

Alsolamy
201418

Prospective
cohort

>14 years old

Rule based

Austrian
201836

Retrospective ≥18 years old
cohort

Bansal
201837

Prospective
cohort

Berger
201038

Brown
201639

Method of alert
notification

Treatment
recommended

≥2 SIRS criteria and
organ dysfunction, or
2 organ dysfunction
criteria^

Notification
to nurse who
pages the
physician

No

Rule based

1st alert is SIRS
based. 2nd and 3rd
alerts are sepsis
based, which is
the SIRS alert
plus systolic blood
pressure <90mmHg or
lactate ≥4 mg/dL

Electronic
Yes (to all 3
notifications to
alerts)
the following,
Alert 1: nurse
Alert 2: nurse
Alert 3: provider

ICD-9 coding for
severe sepsis or
septic shock on
admission only

Adult patients
(though
not clearly
specified)

Rule based

1st alert is SIRS
based. 2nd alert is
a sepsis alert, which
is the SIRS alert
plus WBC ≥12K or
≤4K Blood cultures
ordered OR Lactate
>4 mg/dL alone

Team leader
paged

Yes, a sepsis
response
team in the
post alert
group

2 physician
reviewers using
standardized
sepsis criteria,
approved by Mayo
Clinic enterprise
subspecialty
councils for EM
and critical care

Prospective
cohort

≥19 years old

Rule based

>2 SIRS criteria plus
infection source

Electronic
notification to
clinician

Yes, lactate
≥2 SIRS criteria
recommended and clinical
suspicion,
retrospectively

Prospective
cohort

≥14 years old

Algorithm
based

75 parameters
including
demographics,
encounter details, lab
tests, SIRS criteria,
and other clinical
measurements

Page and email Not specified
to charge nurse

Admitted from
ED to ICU and
either 1) ICD9 discharge
diagnosis relating
to sepsis or
infection or 2)
identification by a
QI coordinator in
the ICU.

Martin Rico Prospective
201740
cohort

≥14 years old

Algorithm
based

Series of parameters
including lab tests,
SIRS criteria, vitals,
and Glasgow coma
scale score

Electronic
notification to
clinician

Chart review with
“clinical experts”
with ICD-9
CM discharge
diagnosis of
sepsis

Meurer
200941

≥70 years old

Rule based

≥2 SIRS criteria

Prospective
cohort

Definition/Threshold
for the alert

Reference
standard
(compared to the
index test)

Yes, with an
e-order set

Clinical evaluation
by an EM or
ICU physician
following 2012
surviving sepsis
campaign
guidelines

Page to study
No
Chart reviewers
coordinator
(3) confirmed
who confirms
or excluded the
a source of
diagnosis
infection from
the physician
^Systolic blood pressure <90 to 86 mmHg with intravenous fluids or <86 mm Hg regardless of fluids, blood oxygen saturation <90% to
85% with supplemental oxygen or <85% without oxygen, or lactate >2 mmol/L.
SIRS, systemic inflammatory response syndrome; ICU, intensive care unit; ICD-9, International Classification of Diseases, 9th ed;
mmHG, millimeters of mercury; mg/dL, milligram per deciliter; mmol/L, millimole per liter; WBC, white blood count; K, thousand; EM,
emergency medicine; ED, emergency department; QI, quality improvement.
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Table 1. Continued.
Source
(the article)

Study design

Demographic

Type
of alert
system (the
index test)

Definition/Threshold
for the alert

Method of alert
notification

Treatment
recommended

Reference
standard
(compared to the
index test)

Narayanan Retrospective ≥18 years old
201642
cohort

Rule based

1st alert is SIRS
based. 2nd alert is a
sepsis alert, which is
the SIRS alert plus
end organ dysfunction
or fluid nonresponsive
hypotension

Electronic
notification to
clinician

No

Chart review
with ICD-9 code
diagnosis of
severe sepsis and
septic shock

Nelson
201143

Prospective
cohort

Rule based

≥2 SIRS criteria
and 2 systolic
blood pressure
measurements less
than 90mmHg

All caregivers
notified with a
page

Yes

Chart review with
the same SIRS
and hypotension
criteria

Nguyen
201444

Retrospective All ED
cohort
patients*

≥18 years old

Rule based

≥2 SIRS criteria,
Not specified
Not specified
300 patients for
and systolic blood
which the alert
pressure ≤90mmHg or
did not fire were
lactic acid ≥2.0mg/dL.
randomly selected
*”While children have different ranges for SIRS criteria, <1% of emergency department (ED) patients were <18 years old…”
SIRS, systemic inflammatory response syndrome; ICD-9, International Classification of Diseases, 9th ed; mmHg, millimeters of mercury;
mg/dL milligram per deciliter; ED, emergency department.

alerts were weighed, with most studies using chart review
confirmation, while some used clinician confirmation. Only
Nguyen et al had a control group of 300 randomly selected
patients during a study period when the alert did not fire.44 All
of the other articles were either prospective or retrospective
cohort designs without control groups.
Diagnostic Accuracy
Diagnostic accuracy was recorded in Table 2 below.
Specificity ranged from 78-99%, and positive predictive
value (PPV) from 5.8% to 54%. Negative predictive value
(NPV) was consistently high at 99-100%. Excluding Meurer
et al,41 sensitivity ranged from 64-100%. Meurer et al had a
sensitivity of 33.3% for the electronic alert alone, and 10.7%
for the electronic alert and attending confirmation. With
attending confirmation, specificity increased from 78.0% to
97.6%. The study had a low activation threshold of ≥2 SIRS
criteria, the smallest sample size of 84, and an age range of
70 years or older. Patients were only included if they
presented between 3 am and 9 pm on weekdays. This study
also only included patients admitted from the ED, instead of
all ED patients, risking selection bias. The notification
system sent a page to the study coordinator before
confirming with a physician.
In contrast, other studies directly notified a member of the
clinical team, excluding Nguyen et al, which did not describe
the notification method.44 Five rule-based studies were of high
quality.18,36,37,43,44 Two studies had systems with high accuracy.
Alsolamy et al18 had a sensitivity of 93.2%, specificity 98.4%,
and PPV 21.0%. Bansal et al37 had a sensitivity of 100%,
Volume 21, no. 5: September 2020

specificity 96.2%, and PPV 29.3%. Highest PPV was achieved
by Nelson et al43 at 54.0% and Nguyen et al44 at 44.7%.
Austrian et al36 shared the number of total alerts fired, for any
of three criteria sets including SIRS, nurse alert, and physician
alert that included progressively more ill criteria. They report
sensitivities of 73.0%, 23.8%, and 23.0%, respectively, and PPV
of 13.0%, 22.4%, and 26.6% as expected for the more
progressively stringent criteria. They did not share the
denominator of all ED presenting patients for the retrospective
period under study but report the total number of hospitalized

Figure. PRIMSA flow diagram.
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Table 2. Diagnostic accuracy.

Sample size (n)*

Population
size (N)^

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive
predictive
value
(95% CI)

Alsolamy
201418

205

49,838

93.18
(88.78-96.00)

98.44
(98.33-98.55)

20.98
(18.50-23.70)

Austrian
201836

1306

Not specified

73

Bansal
201837

419

27106

100
(99.12-100)

96.21
(95.97-96.43)

29.3

100

High

Brown
201639

352

93,733

76.4

95.3

5.8

99.9

Low

Martin Rico
201740

178

37,323

85
(67.2-99.5)

89
(88.8-89.7)

19

99

Low

Meurer
200941

Alert alone: 26
Alert and attending
confirmation: 9

583

Nelson
201143

Sens. and Spec.: 1375
PPV and NPV: 1386

33460

Source

Negative
predictive
value
(95% CI)
99.97
(99.95-99.98)

14.6

99

High
High

Alert alone:
Alert alone:
33.3 (23.3-43.4)
78.0 (71.7-84.4)
Alert and attending Alert and attending
confirmation:
confirmation:
10.7 (4.1-17.3)
97.6 (95.2-99.9)
64

Overall
Quality

Low

54

99

High

Nguyen
795
Not specified
44.7
High
201444
(41.2-48.2)
*Alerts for sepsis meeting the diagnostic criterion standard of the individual article.
^Patients presenting to the emergency department (ED).
CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; Sens. and Spec., sensitivity and specificity.

sepsis patients based on discharge diagnosis. Septic patients may
have been sent home, but if we assume they captured all true
positives and false negatives through final diagnosis of sepsis, this
allows for calculation of sensitivity and PPV and does not allow
the calculation of specificity or NPV. With 2144 patients with a
final diagnosis of severe sepsis or septic shock, and 97,216 alerts
(any of the three levels included), they had the largest
retrospective sample size.
Two studies assessing algorithm-based alerts were
deemed low quality. Brown et al39 measured a sensitivity of
76.4%, specificity of 95.3%, and a low PPV of 5.8%. Martin
Rico et al40 measured a sensitivity of 85%, specificity of 89%,
and a PPV of 19%. Prevalence of sepsis compared to total ED
patients was 0.3-2% in five studies.18,37,39,40,43 Meurer et al had a
prevalence of 14.4%, but this was among patients ≥70 years
old and it was the sole study with only SIRS criteria (a low
threshold) for its sepsis definition.
Quality Measures
Quality measures are described in Table 3. Two studies
evaluating quality measures were high quality: Austrian et al36
and Nelson et al.43 In Austrian et al, process markers of time to
first lactate and vasopressor use significantly improved.
Statistically insignificant findings included blood cultures drawn
before antibiotic administration and whether a lactate was drawn.
Antibiotic timing was not reported. For Nelson et al, process
Western Journal of Emergency Medicine

markers of blood culture collection and chest radiograph before
admission improved. Statistically insignificant findings included
lactate collection and antibiotics given in the ED. Outcome
measures of ICU transfer, ICU length of stay (LOS), and total
LOS significantly improved for Austrian et al. Mortality did not
improve significantly for either study.
Four studies (Bansal, Berger, Martin Rico,
Narayanan)37,38,40,42 were judged to be of low quality. Berger et
al had significant improvement in lactate testing. Narayanan et
al improved antibiotics within 60 minutes, time to antibiotics,
and LOS. Bansal et al37 had nearly 100% sensitivity and
specificity with a modest PPV of 29.3%, and had no
significant improvements in survival rate. Of note, we
established the article to be high quality in regard to diagnostic
accuracy, while outcome measures were low quality. In
contrast, Austrian et al36 had improvements in LOS and Martin
Rico et al40 had improvements in mortality, while both
exhibited moderate accuracy.
None of the rule-based studies showed statistically significant
improvements in mortality.36-38,42,43 The only outcome reported by
an algorithm-based study (Martin Rico et al)40 was mortality,
which showed significant improvement, although the study was
judged to be of low quality. The alert system Narayanan et al42
studied did not recommend treatment as other systems did. For
this rule-based system “antibiotics in 60 minutes” meant time to
antibiotics, and LOS significantly improved.
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Table 3. Quality Measures.
Source
Austrian
201836

Sample size (n)*
Before sepsis alert:
838

Population
size (N)^

Significant results
(process/outcome marker: prior vs. after)

Insignificant results

2144#

ICU transfer: 36.9% vs. 25.8%, p<0.001
ICU length of stay (days):
1.8 (3.7) vs. 1.2 (3.1), p<0.001
Length of stay (days):
10.1 (SD 10.1) vs. 8.6 (SD 7.9), p<0.001
Time to first lactate (days):
0.19 (0.94) vs. 0.16 (0.58), p<0.001
Vasopressor used: 28.8% vs. 22.7%, p<0.01

Blood cultures drawn prior to
antibiotics: 79.0% vs 79.2%,
p=0.92
In-hospital mortality: 8.5% vs.
7%, p=0.22
Lactate drawn (excluding
≥24hrs after ED arrival): 90.7%
vs. 91.3%, p=0.65

High

In-hospital survival rate with
SSRT activation in full cohort:
0.69 (95% CI, 0.31 to 1.56)
In-hospital survival rate with
SSRT activation among severe
sepsis/septic shock patients:
0.53 (95% CI, 0.26 to 1.11)

Low

After Sepsis alert:
1306

Bansal
201837

Whole cohort:
n=419

27106

Severe sepsis and
septic shock: n=252

Berger
201038

Before sepsis
alert: Lactate-151,
Hyperlactatemia-33,
Mortality-908.
After sepsis alert:
Lactate-366,
Hyperlactatemia-54,
Mortality-890

Martin Rico 1190
201740

Narayanan Prior to sepsis alert:
201642
n=111

Before
alert:
2903

Lactate testing: 5.2% vs. 12.7% (95% CI, 6.0 Change in frequency of
to 9.0%) absolute increase p<0.001
hyperlactatemia if lactate was
tested: 21.9% vs. 14.8% (95%
CI, -0.4 to 14.6)
Mortality: 5.7% vs. 5.2% (95%
After alert:
CI, -1.6 to 2.6%, p=0.64)
2893&

37,323

Mortality: 36.3% vs. 26.1%
Adjusted risk reduction for mortality:
36% (0.43-0.97)
Incidence Rate Ratio: 0.64, p=0.036

not
specified

Antibiotics in 60 minutes:
48.6% vs. 76.7%, p<.001
Length of stay odds ratio:
[0.66 (0.53-0.82)]
Mean time to antibiotics (minutes):
61.5 (33-171) vs. 29 (2-59), p<.001

After sepsis alert:
n=103
Nelson
201143

184

Overall
quality

Low

Low

Mortality odds ratio:
0.64 (0.26-1.57)

Low

33460

Blood culture collected odds ratio:
Antibiotic given in ED odds
High
[2.9 (1.1-7.7)]
ratio: [2.8 (0.9-8.6)]
Chest radiograph before admission odds
Lactate collected odds ratio:
ratio: [3.2 (1.1-9.9)]
[1.7 (0.9-3.2)]
*Alerts for sepsis meeting the diagnostic criterion standard of the individual article.
^Patients presenting to the emergency department.
#All hospitalizations with severe sepsis or septic shock
&All patients with sepsis. Total ED presentations not specified.
ICU, intensive care unit; vs, versus; SD, standard deviation; ED, emergency department; CI, confidence interval; SSRT, sepsis and
shock response team.

DISCUSSION
Overall, most of the study designs used to assess the impact
of sepsis alerts were weak, and the review authors had difficulty
isolating the impact of the automated sepsis alert itself from
broader interventions such as response teams or order set
bundles. Thus, our review conclusions must be couched within
the strength of the overall low-quality evidence.
The limited evidence available suggests that sepsis alerts in
Volume 21, no. 5: September 2020

the ED setting can be tuned to a high sensitivity for the
detection of sepsis. Evidence from both low- and high-quality
studies showed some improved process-of-care markers,
including time to antibiotics, with the use of automated sepsis
alerts.36,38,40,42,43 Lactate testing was studied by four groups with
two producing significant results. Other than lactate
measurement, no single measure consistently improved across
studies. A lack of consistency of measured items and
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measurement methods creates a challenge in forming a
conclusion. For example, one study examined whether blood
cultures were collected, as opposed to blood cultures collected
before antibiotic administration.
No high-quality studies showed a difference in mortality,
and only one high-quality study showed impacts on ICU LOS
and vasopressor use.36 Our findings are in keeping with a review
by Makam in 2015 that covered alerts both inside and outside of
the ED environment.45 Our review added recently published
articles, including those that now use an algorithmic as opposed
to simple rules-based approaches, and was focused on patients
presenting to the ED. The strongest study designs we reviewed
for inclusion were prospective cohort studies, but we would call
attention to a well-executed performance improvement study
conducted by Gatewood et al.46 They included a computerized
alert with a multipronged intervention and showed a substantial
improvement in sepsis bundle of care compliance. However,
they did not show differences in mortality in part due to the
inclusion of lower risk patients on the sepsis spectrum.
Sepsis alerts represent a difficult area to study with traditional
randomized methods. One challenge is that in the course of
operational improvement, sepsis alert criteria and/or alert
thresholds may be subtly changed in the background. This may
be done by information technology, analytics, or EHR personnel
to address PPV or safety concerns, usually with a clinician’s
input, but often without alerting all ED staff to the change.
Moving to a more rigorous study design requires holding the alert
constant and ethical approval for a non-alert or clinician gestalt
arm. Thus, success will likely be found in future studies that use
time series, or perhaps cluster randomized rollout methods across
healthcare systems. Likewise, future areas for study could include
comparisons of the method of alert, and the presence or absence
of treatment recommendations.
None of the studies addressed potential harms. Harm
may include the alarm issues impacting staff, missing
alternative diagnoses due to early anchoring on sepsis, and
the follow-on effects of early, aggressive fluid intervention,
which has been questioned more broadly in the sepsis
literature.8 Significant further work is needed on the alarm
consequences of the sensitivity set points, and if possible,
such work should incorporate influences from other nonsepsis alarms in alarm fatigue.
Although low quality, one algorithmic system showed
significant mortality improvement, potentially validating its
further development.40 Systems such as this are being developed
to improve accuracy and PPV, and may include risk factors such
as comorbid conditions and past medical history. These systems
can effectively insert multiple variables into an equation using
current and past patient data as regression coefficients, running
the calculation repeatedly over the course of a patient stay as
more predictor variables become available. The data creating
the coefficients of such a regression-based equation would
influence the predictor’s value. For example, a sepsis predictor
tool based on the elderly would likely not be predictive for
Western Journal of Emergency Medicine

children. The newest models of sepsis alerts include machine
learning. Complex algorithmic models may use well over 50
variables, and a machine-learning program may be integrated
into them. Machine learning uses computer programming to
identify patterns and significant predictors beyond the
reasonable capabilities of humans. With continual analysis, it
can fine-tune coefficients and thresholds of the algorithm. Initial
studies show promise,47-49 and additional research is required to
assess its impact on clinical outcomes.
LIMITATIONS
Our limitations include a risk of publication bias because
we did not search the gray literature or clinical trials for studies
in progress. There are likely many hospital systems that have
implemented sepsis alerts, collected data, and did not report it.
Our consensus group was small in number, but we followed a
rigorous process using review rubrics guided by well-accepted
grading criteria.
CONCLUSION
Automated sepsis alerts in the ED may be set to a high
sensitivity. Process measures show moderate benefit; however,
no single measure has consistently improved, and high-quality
studies have yet to demonstrate, a mortality benefit. Specific
components of these systems, alarm fatigue, and sensitivity set
points should be examined further. Sepsis alerts demonstrate
utility and future research is indicated to build a more ideal
alert system.
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Introduction: Healthcare contributes 10% of greenhouse gases in the United States and generates
two milion tons of waste each year. Reducing healthcare waste can reduce the environmental impact
of healthcare and lower hospitals’ waste disposal costs. However, no literature to date has examined
US emergency department (ED) waste management. The purpose of this study was to quantify and
describe the amount of waste generated by an ED, identify deviations from waste policy, and explore
areas for waste reduction.
Methods: We conducted a 24-hour (weekday) ED waste audit in an urban, tertiary-care academic
medical center. All waste generated in the ED during the study period was collected, manually sorted
into separate categories based on its predominant material, and weighed. We tracked deviations
from hospital waste policy using the hospital’s Infection Control Manual, state regulations, and
Health Insurance Portability and Accountability Act standards. Lastly, we calculated direct pollutant
emissions from ED waste disposal activities using the M+WasteCare Calculator.
Results: The ED generated 671.8 kilograms (kg) total waste during a 24-hour collection period.
On a per-patient basis, the ED generated 1.99 kg of total waste per encounter. The majority was
plastic (64.6%), with paper-derived products (18.4%) the next largest category. Only 14.9% of waste
disposed of in red bags met the criteria for regulated medical waste. We identified several deviations
from waste policy, including loose sharps not placed in sharps containers, as well as re-processable
items and protected health information thrown in medical and solid waste. We also identified over
200 unused items. Pollutant emissions resulting per day from ED waste disposal include 3110 kg
carbon dioxide equivalent and 576 grams of other criteria pollutants, heavy metals, and toxins.
Conclusion: The ED generates significant amounts of waste. Current ED waste disposal practices
reveal several opportunities to reduce total waste generated, increase adherence to waste policy,
and reduce environmental impact. While our results will likely be similar to other urban tertiary EDs
that serve as Level I trauma centers, future studies are needed to compare results across EDs with
different patient volumes or waste generation rates. [West J Emerg Med. 2020;21(5)1211-1217.]

INTRODUCTION
Healthcare facilities create significant amounts of waste,
with a majority of medical supplies disposed after a single use.
Healthcare facilities in the United States (U.S.) generate over
Volume 21, no. 5: September 2020

6600 metric tons of waste each day, which is approximately
19 kg per patient per day and 2 million tons of waste each
year.1,2 This makes healthcare the second largest industry to
contribute to landfill waste (only the food industry generates
1211
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more).3 Overall, the US healthcare industry contributes nearly
10% of all US greenhouse gas emissions as well as additional
other pollutants that adversely affect human health.4 Healthcare
waste is a direct contributor to these emissions and an important
indicator of the impact of procurement practices.
Improper sorting of medical wastes can increase healthcare
costs. Overuse of hazardous waste disposal increases the costs
and footprint of hauling and treating normal solid wastes.
However, underuse of hazardous waste disposal can pose a
public health risk and may incur fines. In some clinical spaces,
even unused items must be thrown away after a patient has been
treated in the space, adding not only to the footprints and costs
of disposal, but also to the purchase of unnecessary, wasted
supplies. Prior studies have shown that there is poor segregation
of healthcare waste into proper waste streams, and there are many
opportunities to divert waste from landfills, such as recycling
and single-use device reprocessing for reuse.5-7 Efforts to reduce
healthcare waste generation and improve sorting practices have
the potential to reduce the environmental impact of healthcare
and significantly reduce hospital costs for waste hauling and
supply procurement.8
A waste audit is an effective way to visualize the categories
of waste generated in a healthcare facility, locate where and
how different types of waste are processed, and identify areas
for waste diversion or waste management improvement. While
waste audits of entire hospitals, intensive care units, operating
rooms, and specific surgical procedures have been conducted
previously, there is no literature surrounding waste management
of the emergency department (ED) in the US.6-10 As a result,
little is known about the quantity and characteristics of ED
waste. However, the ED represents a significant portion of
US healthcare, generating approximately 140 million visits
annually, nearly 5% of all healthcare expenditures, and 12%
of all outpatient visits.11,12 Understanding the characteristics
of ED waste allows hospitals to find opportunities to reduce
waste disposal costs and reduce the environmental impact of
emergency care.
The objective of this study was to quantify and describe the
amount of waste generated by an ED, identify deviations from
local waste management policies and guidelines, calculate direct
pollutant emissions from waste disposal practices, and explore
areas for waste diversion and reduction.
METHODS
Study Design and Setting
We conducted a 24-hour physical waste audit in the ED of
an urban, tertiary-care academic medical center. The medical
center is a Level I trauma center with an annual ED volume of
approximately 110,000 patient encounters per year. Following
standard practice, Environmental Services staff collected all
municipal solid waste (MSW), regulated medical waste (RMW),
and recycling waste between 11 pm July 25 and 11 pm July 26,
2019. RMW included all items thrown in red biohazard bags
as well as filled sharps containers. Recycling waste included
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Healthcare contributes 10% of United States’
greenhouse gases and two million tons of waste
each year. No literature on emergency department
(ED) waste management currently exists.
What was the research question?
What are the quantities, characteristics, and
carbon footprint (CO2e) of ED waste?
What was the major finding of the study?
The ED produced 672 kilograms (kg) waste/day
and 1.99 kg waste/patient. Waste disposal itself
emitted 3 metric tons CO2-e/day.
How does this improve population health?
Pollution and climate change harm human
health. Reducing ED waste may reduce
upstream and downstream pollution, mitigate
climate change effects, and save money.

all items in recycling bins and all paper with protected health
information (PHI) disposed of in secure bins.
All waste described during the study period was stored
in a designated collection space. The waste was then sorted
into separate categories based on predominant material and
subsequently weighed. The waste categories we selected were the
following: hard plastic; soft plastic; paper products; food waste;
textiles; glass; metal; electronic waste; and unused items/mixed
materials. All unused items (defined as unopened items or opened
but unused items) and uneaten food were indexed and counted.
Any loose sharps found were also segregated and weighed as
mixed material, but due to safety reasons were not counted. All
pulse-oximetry probes found in the waste were also counted
due to the institutions’ ability to send them for single-use device
reprocessing, a process regulated by the US Food and Drug
Administration to allow for single-use devices to be cleaned,
repaired (if needed), re-sterilized (when indicated), inspected, and
re-packaged for clinical use.13 Pharmaceutical wastes are handled
by the hospital’s pharmacy department and were excluded. No
universal wastes were collected during the study period.
We identified deviations from hospital waste policy by using
definitions from the hospital’s Infection Control Manual and
Health Insurance Portability and Accountability Act standards.
In addition, since RMW has been regulated on a state level since
the US Medical Waste Tracking Act of 1988 expired in 1991,
we defined RMW using state regulations. State regulations
define medical waste as blood and blood products (including
draining, liquid state, and materials saturated or dripping with

1212
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blood); pathological waste (including human anatomical parts
and specimens of body fluids, excluding urine, nasal secretions,
sweat, sputum, vomit, or fecal matter that don’t contain visible
blood or confirmed diagnosis of infectious disease); cultures
and stocks of infectious agents and associated biologicals;
contaminated animal waste; sharps (including medical items
that can cause punctures or cuts); and biotechnology by-product
effluents.14 Such waste must be rendered safe (for example, via
autoclave and shredding sharps) and then may be disposed with
MSW. Otherwise, it must be handled by certified haulers to be
treated off-site.
The primary author (SH) was present and supervised
all waste sorting and weighing, which was completed with
the assistance of the senior author (JES) and three research
assistants. Any disagreements regarding appropriate waste
category were resolved by consensus. All study personnel
wore strict isolation personal protective equipment throughout
the waste audit, and sharps containers were weighed “asis” without opening and sorting any of their contents. Upon
completion of the waste sorting, all waste was disposed in
compliance with hospital policies.
This project was undertaken as a quality improvement
initiative at our subject hospital, and as such was not formally
supervised by the institutional review board per its policies.
Measurements
All categories and types of waste were weighed using
an Edlund ERS-60 Digital Receiving Scale with a sensitivity
of 0.005 kilograms (kg). ED administrative staff provided
aggregate data on patient volume and total length of stay during
the 24-hour period of study and for total fiscal year 2019 for
normalization purposes.

Data Analysis
Data were entered into and analyzed using Excel (Microsoft,
Redmond, WA), with univariate analysis listing frequency counts
and percentages. To obtain estimates of annual waste generation
rates, we normalized data collected by number of patient
encounters, number of patient-hours in the ED, and by time, and
we subsequently extrapolated by totals of those values for the
fiscal year.
We estimated direct pollutant emissions from waste disposal
activities using the M+WasteCare Calculator (Mazzetti, San
Francisco, CA.), specifying that MSW was landfilled, RMW
was autoclaved and then landfilled, and recyclables were sent for
recycling. M+ Wastecare calculates the approximate pollutant
load associated with each step in the waste’s journey for each
pollutant.15 These pollutant loads are added to give a final
amount, in carbon dioxide equivalent (CO2e), the standard unit
for carbon footprints. In all cases, emissions factors are used to
perform the calculation. This includes (as applicable), emissions
associated with transportation to the disposal facility, emissions
associated with energy used for disposal (for autoclaving and
alternative sources), emissions associated with transportation of
any residuals to landfill, and emissions associated with landfill.
RESULTS
Over the 24-hour period of our study, we collected a
total of 671.785 kg of waste (Table 1), or 1.999 kg/patient
encounter. Of this total, 84% (567.38 kg) was collected in
MSW (clear) bags, 11% (71.665 kg) in RMW (red biohazard)
bags, and 5% (32.74 kg) in recycling bins. Excluding sharps
containers, which were not individually audited for safety
reasons, only 15% (7.45 kg) of the waste disposed in red bags
met the criteria for RMW. Assuming all contents of sharps

Table 1. Composition of all wastes produced in emergency department in 24-hour period.
Category of waste
MSW

RMW

Recycling

Total

Mass (kg)

567.38

71.665

32.74

671.785

% of total

84.46%

10.67%

4.87%

100.00%

Hard plastic

110.615

17.79

2.525

130.93 (19.5%)

Soft plastic

Material
289.775

13.305

-

303.08 (45.1%)

Paper

92.43

3.105

28.011

123.546 (18.4%)

Food

40.865

0.62

-

41.485 (6.2%)

Textiles

18.695

4.72

-

23.415 (3.5%)

Glass

6.74

0.175

1.02

7.935 (1.2%)

Unused/mixed

5.065

8.02

0.94

14.025 (2.1%)

Metal

2.415

0.04

0.19

2.645 (0.4%)

Electronic waste

0.78

0.04

-

0.82 (0.1%)

Sharps
23.85
23.85 (3.6%)
MSW, municipal solid waste (landfill); RMW, regulated medical waste (includes red bag or hazardous solid waste and sharps); kg, kilogram.
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containers were correctly disposed, less than 5% (31.015
kg) of total waste was true RMW. Similarly, less than 5%
(32.74 kg) of all waste was disposed in recycling bins. The
majority, 86% (28.011 kg), of recycling waste consisted of
paper records with PHI thrown in secure bins. Excluding the
paper containing PHI, 20% (0.95 kg) of waste thrown into the
recycling bins was not recyclable.
The predominant material found in both MSW and RMW
was plastic, at 65% of total waste, 71% (400 kg) of MSW,
and 43% (31 kg) of RMW. The second most abundant waste
category in MSW and RMW was paper products: 16% (92.43
kg) of MSW and 4% (3.105 kg) of RMW. Of all paper product
waste, only 23% (28.011 kg) was shredded and recycled
through the PHI paper secure bin. The third largest category in
MSW and RMW was food waste, totaling over 41 kg, or 6%
of the total. Within food waste, 19% (over 8 kg) was unopened
or uneaten food, such as diet cranberry juice, bananas, and
milk cartons, most of which are food items found in brownbag meals given to patients.
Several large-quantity items in MSW and RMW were also
sorted and weighed. There were 6.35 kg of emesis basins; 2.96
kg of tourniquets, of which 420 grams (g) or 76 tourniquets
were still bundled and unused; 43.63 kg of gloves; and 24.395
kg of disposable cups. We found 201 unused items (5.92 kg),
such as normal saline syringes, intravenous (IV) catheters,
electrocardiogram and monitor electrode packets, and IV fluid
bags in both MSW and RMW bags. Additional data regarding
the breakdown of solid, medical, and recycling waste is in the
supplementary appendix.
Base case pollutant emissions resulting per day from
waste disposal include 3110 kg CO2e (71% from RMW, 29%
from MSW, and <1% from recycling) and 576 g of other
criteria pollutants, heavy metals, and toxins (84% RMW, 13%
MSW, and 3% recycling). These greenhouse gas emissions
are equivalent to driving a car 7700 miles and only represent
the pollution from the disposal of waste, not including the
upstream environmental costs of their production, distribution,
and use.16
We identified several deviations from institutional waste
policy. We found paper products with PHI in MSW and
RMW, which should have been placed in the PHI-paper
secure bin. There were 285 g of loose sharps in standard
red bags rather than being placed in sharps containers,
which would have accounted for 1.9% of total sharps waste

(assuming all contents of sharps containers were actual
sharps). In addition, 29 pulse-oximeter probes that should
have been diverted and sent for re-processing were found in
both MSW and RMW.
Extrapolating our one-day data to a full year, our subject
ED is estimated to generate 194,163 - 245,202 kg of waste
annually (see Table 2).
DISCUSSION
In this 24-hour waste audit of an academic, tertiary-care
ED, we collected, sorted, characterized, and weighed 672 kg
of waste, representing 1.999 kg/patient. To the best of our
knowledge, this is the first documented waste audit of an ED
in the US and represents an important start in describing and
improving upstream and downstream environmental impacts
of the emergency care we provide.
Little is known about the quantity and characteristics of
ED waste in the US, and the only prior studies of ED waste
have been conducted in Jordan and Australia. Two audits of
EDs in Jordan published in 2004 and 2007 revealed that the
daily generation rate per patient ranges from 0.289 – 0.479
kg/patient/day, lower than the findings of our study.17,18
Comparing to our institution, though, is challenging
given the likely large differences in operations in a nonOrganization for Economic Cooperation and Development
country. In 2019, a study detailing a pilot program to reduce
ED waste in a regional Australian hospital did not audit the
waste, but found that efforts to improve waste segregation
and recycling failed due to poor compliance.19 Staff felt
that the process was time consuming and complicated and
environmental services staff were seen mixing different
waste bins together to simplify the process.
In our study, 85% of all waste thrown into RMW
did not meet the criteria for RMW. Given that RMW
costs 5-10 times as much to dispose of compared to solid
waste, diverting non-RMW from the red biohazard bags
is a significant opportunity for cost savings. While our
waste audit revealed that over 10% of total ED waste was
disposed of as RMW, the Centers for Disease Control and
Prevention (CDC) suggests that only 3-5% of hospital
waste requires disposal as RMW.20 However, if all nonmedical waste were diverted from the RMW bags, the
percentage of true RMW, including sharps, would be 4.6%,
within the range of the CDC criteria.

Table 2. Estimated annual rate of ED waste generation for Fiscal Year 2019.
Measured daily rate

Measured FY2019 stats

Estimated annual rate

Waste (Kg) /day (d)

671.785 kg/d

x 365 d/y

245,202 kg/y

Waste (Kg) /patient

1.999 kg/patient

x 113,297 patients/y

226,522 kg/y

0.244 kg/patient-h

x 853,397 patient-h/y

194,163 kg/y

Waste (Kg) /patient hours (h)

MSW, municipal solid waste (landfill); RMW, regulated medical waste (includes red bag or hazardous solid waste and sharps); kg,
kilogram; y, year.

Western Journal of Emergency Medicine

1214

Volume 21, no. 5: September 2020

Hsu et al.

Quantifying Waste in the Emergency Department

The Healthcare Plastics Recycling Council estimates
that approximately 20-25% of healthcare waste is plastic.21
Another study published in 2003 that looked at waste in a
Massachusetts hospital revealed that only 20% of solid waste
was plastic.22 However, a total of 65% of ED waste in our
study was plastic, higher than both estimates. This is likely
due to the fact that plastics production has been increasing
exponentially over the past few decades.23 Other studies have
shown that plastic composition is highest in the ED and that
locations where there is high turnover of patients and poor
set-up of bin locations reduces proper waste disposal as a
priority.17,24 This discrepancy is also likely heightened due to
the prevalence of single-use disposable devices in the ED.
Efforts to explore reusable alternatives can also lead to waste
reduction and supply savings.25
There is potential for increased recycling in the ED.
Assuming all waste made of metal, glass, paper, and hard plastic
(that do not meet RMW criteria) are able to be diverted and
recycled, up to 258 kg or 38% of all ED waste could be recycled
and diverted from landfill waste. Given that nearly 20% of items
thrown into existing recycling bins (excluding secure paper bins)
was non-recyclable, any efforts to increase recycling in the ED
would need to be accompanied by training and other system
changes to improve accessibility to recycling bins.
Loose sharps not contained in sharps containers and paper
containing PHI were found in both MSW and RMW. In an ED
with hundreds of healthcare workers, hundreds of environmental
services staff, and thousands of patients, it shouldn’t be surprising
to find occasional waste handling deficiencies. Unfortunately,
such events can pose a significant health hazard to staff and
privacy risk to patients. These findings could expose a healthcare
institution to regulatory agency action.
Waste audits of entire hospitals in Turkey, Iran, and Brazil
revealed that 17.1-31% of total hospital waste constitutes food
or organic waste.26-28 This fraction of food waste is higher than
in our study of the ED likely due to the fact that audits of entire
hospitals include cafeteria or kitchen waste. However, the amount
of food waste is still significant. Given that the average person
eats 905 kg of food a year, one year of food waste from this ED
could feed roughly 17 people for a year.29
In addition to the upstream pollution embedded in our
supply chains, waste disposal itself directly generates pollutant
emissions. Looking specifically at greenhouse gas emissions,
which lead to climate change, and extrapolating from a oneday sample, our ED’s waste contributes over 1000 tons CO2e
per year. This is equivalent to the greenhouse gas emissions
of driving 200 passenger cars for one year in the US.16 There
are additional emissions of toxins, criteria air pollutants, and
heavy metals totaling over 200 kg annually. These pollutants,
including arsenic, cadmium, dioxins, mercury, nitrogen
oxides, sulfur dioxide, particulate matter, and volatile organic
compounds, all harm human health. And this does not account
for the upstream emissions resulting from the manufacture,
transport, and use of materials.
Volume 21, no. 5: September 2020

Our results indicate that significant improvements can
be made to optimize ED waste management in order to
reduce total waste generated, emissions from treatment, and
waste hauling and treatment costs. If all the metal, glass,
and hard plastic were recycled, if all the pulse-oximeter
probes were reprocessed, all batteries went to electronic
waste, all food waste was composted or diverted (or better
yet, reduced), and all unused items were restocked or
donated, approximately 305 kg or 45% of waste could have
been diverted. Maximally optimizing the waste stream has
the potential to divert over 100 tons of ED waste from the
landfill each year.
Optimizing the waste stream is only one part of the
solution. One of the benefits of a waste audit is understanding
the supply chain of the ED, as simple mass balance would
dictate that nearly everything that enters the ED as a supply
leaves the department with the patient or as waste. Upstream
changes, such as switching disposable items to reusable
items and researching opportunities for single-use device
reprocessing have the potential to reduce the volume of
disposables purchased. Given that the single largest category
of waste in the ED is soft plastic, most of which is packaging,
efforts to order items that use less packaging or purchase
commonly used items separately from kits, has a high
potential for waste reduction.
LIMITATIONS
This study has several limitations to its study design.
First, our audit was conducted on a single day and the results
may not be representative of the full year. During this 24hour period, 336 new patients were seen in the ED, which
is higher than the daily average for fiscal year 2019 of 310
patients per day. As a result, an annual waste generation
rate based simply on multiplying our one-day total by 365
days may be an over-estimate. We therefore generated two
separate estimates of annual waste generation rates using
kg/patient encounter and kg/patient-hour for comparison
(see Table 2). This study was also conducted at a single site.
While our results will likely be similar to other urban tertiary
EDs that serve as Level I trauma centers, future studies
are needed to compare results across EDs in other settings,
which may have different patient volumes, waste generation
rates, waste sorting practices and policies, and waste hauling
and treatment contracts.
For logistical and safety reasons, we limited some
of our measurement capabilities. Waste items with liquid
contents were classified without regard for the liquid
components (i.e., full or incompletely-emptied IV fluid
bags were classified as soft plastic). Sharps containers
were weighed as-is, with the assumption that all contents
were correctly sorted. A visual review of items through
the plastic containers confirms this not to be true but could
not be quantified due to safety concerns of opening and
sorting sharps. Similarly, all true medical waste found in red
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biohazard bags were not sorted into predominant categories
and were calculated as mixed under “unused/mixed”
materials in Table 1. All loose sharps in red biohazard
bags were weighed in total. PHI-containing paper products
incorrectly disposed in MSW were not segregated and
weighed out of respect for patient privacy. Pharmaceutical
waste was specifically excluded, as it is handled by the
pharmacy department and not environmental services at
our facility; however, the quantity was not expected to
significantly alter the results presented here.

total knee arthroplasties. Can J Surg. 2013;56(2):97-102.
4. Eckelman MJ, Sherman JD. Estimated global disease burden from
US health care sector greenhouse gas emissions. AM J Public
Health. 2018;1008(S2):S120-2.
5. DiConsiglio J. Reprocessing SUDs reduces waste, costs. Mater
Manag Health Care. 2008;17(9):40-2.
6. Kubicki MA, McGain F, O’Shea CJ, et al. Auditing an intensive care
unit recycling program. Crit Care Resusc.
7. McGain F, Jarosz KM, Nguyen MNHH, et al. Auditing operating
room recycling: a management case report. A&A Case Rep.

CONCLUSION
Overall, the ED generated 2 kg of waste per patient
encounter, 672 kg of waste per day, and an estimated
194,000 – 245,000 kg of waste per year. We also found poor
segregation of MSW and RMW, and several deviations from
institutional waste policies. Our study reveals opportunities
to reduce total waste generated, decrease hospital waste costs,
and reduce the environmental impact of emergency care.
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Introduction: Delays in patient flow in the emergency department (ED) result in patients leaving
without being seen (LWBS). This compromises patient experience and quality of care. Our primary
goal was to develop a predictive model by evaluating associations between patients LWBS and ED
process measures and patient characteristics.
Methods: This was a cross-sectional study in a 95,000 annual visit adult ED comparing patients
LWBS, with controls. Data were drawn from four seasonally adjusted four-week periods (30,679
total visits). Process measures included 1) arrivals per hour; 2) “door-to-provider” time; and the
numbers of 3) patients in the waiting room; 4) boarding ED patients waiting for an inpatient bed;
5) providers and nurses (RN); and 6) patients per RN. Patient characteristics collected included 1)
age; 2) gender; 3) race/ethnicity; 4) arrival mode (walk-in or via emergency medical services [EMS]);
and 5) acuity based on Emergency Severity Index (ESI). Univariable analyses included t-tests and
Pearson’s chi-square tests. We split the data randomly into derivation and validation cohorts. We
used backward selection to develop the final derivation model, and factors with a p-value ≤ 0.05
were retained. Estimates were applied to the validation cohort and measures of discrimination
(receiver operating characteristic) and model fit were assessed.
Results: In the final model, the odds of LWBS increased with the number of patients in the
waiting room (odds ratio [OR] 1.05; 95% confidence interval [CI], 1.03 to 1.06); number of
boarding patients (OR 1.02; 95% CI, 1.01 to 1.03); arrival rate (OR 1.04; 95% CI, 1.02 to 1.05)
and longer “door-to-provider” times (test of linear trend in the adjusted OR was p = 0.002). Patient
characteristics associated with LWBS included younger age (OR 0.98; 95% CI, 0.98 to 0.99), and
lower acuity (higher ESI category) (OR 2.01; 95% CI, 1.84 to 2.20). Arrival by EMS was inversely
associated with LWBS (OR 0.29; 0.23 to 0.36). The area under the curve for the final model in
the validation cohort was 0.85 (95% CI, 0.84 to 0.86). There was good agreement between the
observed and predicted risk.
Conclusion: Arrival rate, “door-to-provider time,” and the numbers of patients in the waiting room
and ED boarders are all associated with patients LWBS. [West J Emerg Med. 2020;21(5)1218-1226.]
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INTRODUCTION
Delays in care in the emergency department (ED) lead to a
higher number of patients who leave without being seen (LWBS),
ie, who are triaged and register for care but subsequently leave
without any evaluation by a provider.1 On occasion, these
patients suffer from significant illnesses or injuries and would,
in hindsight, have benefited from time-sensitive medical
interventions including emergency care. This compromises not
only patient experience, but also safety, quality of care, and risk
management. Many of the patients who LWBS do so because
of delays in being seen, and up to 70% seek attention within 24
hours of leaving, either by returning to the ED or by presenting
to alternative sites of medical care.2-3 Finally, high rates of
LWBS negatively impact institutional revenue and may present a
significant financial loss to the institution.4-5
High LWBS rates are predictably a challenge in large
teaching institutions in metropolitan areas. High acuity and
volume are associated with increased ED length of stay and
rates of ED boarding and “left before completing treatment”;
6-7
non-profit institutions often compare unfavorably with forprofit competitors on these measures.8-9 Consequently, it is
important to appreciate that hospitals have different baselines
of performance that may be tied to volume and capacity, rather
than quality of care. Notably, the current study was performed
in a Level I trauma center teaching institution, which is the
only tertiary-care referral center in a large, four-county area
in western Massachusetts. It is one of the busiest EDs in New
England based on annual volumes and has exceptionally high
acuity based on the 2018 Association of Academic Chairs
of Emergency Medicine Annual Survey. Our ED ranked
above the 75%ile in both annual volume and rate of LWBS
compared with national medians on this survey.
The associations between LWBS rates, crowding,
boarding of admitted patients in the ED, and delays in care
have been described but continue to resist solution.10 Our aim
was to evaluate associations between individuals who LWBS
and ED process measures and patient characteristics, and to
derive and validate a predictive model. We undertook this
endeavor by performing a cross-sectional comparative study
with the goal of developing a highly predictive model for
discriminating patients who LWBS from those who initiate
evaluation and treatment by a provider.
METHODS
Setting
The study was performed at x Medical Center in y, z
in the medical-surgical (non-psychiatric) adult ED, which
is comprised of 66 licensed bays. Pediatric patients were
excluded from the study. In 2015, 95,000 annual visits were
seen in the adult ED with a baseline LWBS rate of 7.0%. The
“provider in triage” model was not implemented during the
study period. We defined a patient as LWBS if the individual
received, at minimum, an abbreviated triage consisting of
1) reason for ED visit and age; 2) registered for care but
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Specific patient characteristics, new patient
arrivals, and boarding hours are associated
with patients leaving without being seen
(LWBS).
What was the research question?
Can we derive and validate a highly predictive
model of a patient LWBS?
What was the major finding of the study?
We validated a model with “very good”
discrimination that included both patient
characteristics and clinical process indicators.
How does this improve population health?
The model can be used in real time to predict
whether a patient presenting for emergency
care is likely to LWBS.

subsequently left without full registration or evaluation, ie,
history or physical exam, by an advanced practitioner (AP) or
physician. The patient was documented as LWBS after being
called in the waiting room or treatment area with no response
to overhead announcement on three separate occasions at
15-minute intervals. We typically did not know the exact
time of LWBS unless the patient specifically informed the
staff of his or her intent, but this was the exception and not
the rule. Data was collected from our electronic health record
and tracking system Cerner (North Kansas City, MO) on an
hourly basis since process measures can vary significantly
over longer time periods. We documented the relevant data
at the beginning of every hourly interval starting with 00:00.
Our goal was to evaluate the associations between individuals
LWBS and 1) patient characteristics, and 2) process measures
related to throughput and staffing.
Study Design
We employed a cross-sectional study design in which
patients who LWBS were compared with controls who
initiated evaluation and treatment by an AP or physician.
To control for seasonal variability, data were drawn from
four four-week periods (30,679 total visits) in September–
December 2015 and March–June 2016. Patients were eligible
for inclusion if they registered in the ED at any time during
the indicated periods. Patients were excluded from analysis if
they arrived under police escort or died in the ED.
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Measured Variables
Patient characteristics collected included age, gender,
race/ethnicity (White, Hispanic, Black, Asian, or other/not
indicated), arrival mode (walk-in or via emergency medical
services [EMS]), acuity based on Emergency Severity Index
(ESI) level, month of presentation (ie, March, June, September
or January) and time of registration (categorized into four
six-hour time periods). Insurance status was not included as
a variable because patients had not completed the registration
process, and their insurance status was not documented at the
time they LWBS.
Process measures of ED utilization and resource
allocation were routinely collected every hour.11 These
measures included the numbers of 1) patients in the waiting
room; 2) patients in treatment bays (licensed ED bays plus
hallway beds); and 3) boarders, ie, admitted patients waiting
for an in-patient bed. The staff members on duty included the
following: 1) attending physicians; 2) advanced practioners
(AP); 3) emergency medicine residents; 4) registered
nurses (RN) – our ED does not employ licensed practical
nurses; and 8) patient care technicians who perform vital
signs, obtain laboratory samples including blood draws and
electrocardiograms, etc. The ratio of the numbers of patients
per RN was computed based on patients in ED treatment
bays only. The arrival rate of patients was measured for the
60-minute period in which study subjects presented. Finally,
we measured the “door-to-provider time” (attending physician,
resident, or AP) in 30-minute increments starting with the
initial ED presentation. We chose 30-minute increments
because previous literature has concluded that delays of 30 or
60 minutes appear to be critical time periods for patients when
deciding to LWBS.12
Statistical Analysis
Preliminary descriptive analyses included means and
standard deviations, medians and ranges for continuous
variables. We described categorical variables using frequency
distributions. Univariable approaches included t-tests for
continuous data and Pearson’s chi-square for categorical
data. Since our sample size was large, we split the data into
derivation (n = 14,937) and validation cohorts (n = 14,445)
in order to assess the fit of the model. The data were split
randomly and were approximately balanced on the number of
days from each month.
We used generalized estimating equations (GEE)
with a binomial family and logit link to derive parameter
estimates. Further, the GEE model clustered on day of
registration (to account for day of the week) and employed
robust standard errors. We used backward selection to
develop a final model based on the derivation cohort
(n = 14,937). Beginning with a model that included all
variables, the least significant of those remaining was
removed in an iterative fashion. Any process measures
– related to utilization and resource allocation – with a
Western Journal of Emergency Medicine

Rathlev et al.

p-value ≤ 0.05 were retained in the final model. The same
was true of patient characteristics that met this criterion.
The model that emerged from the backward selection
process was compared to other model configurations of
utilization variables that were considered to potentially
capture LWBS risk. The final model was selected from
among these comparisons using significance testing of
variables for nested models or by way of a modified
Akaike information criterion (AIC) for GEE models, as
recommended by Pan and implemented in Stata by Cui.13-14
We then evaluated the final model from the derivation
cohort in the validation cohort (n = 14,445). Discrimination
was evaluated using a receiver operating characteristic
(ROC) curve with 95% confidence intervals. Calibration
was represented using a plot of the observed vs predicted
risk of LWBS over deciles of categories. We also assessed
calibration fit by computing the integrated calibration index
(ICI).15 The ICI computes the difference between the observed
and predicted probabilities over the range of predicted
probabilities. Estimates of the mean, median, and the
maximum absolute difference, Emax, are provided.16 Statistical
analyses were conducted in Stata v15.1 (StataCorp, College
Station, TX) and R (https://www.R-project.org/; Foundation
for Statistical Computing, Vienna, Austria). The study was
approved by the institutional review board of Baystate
Medical Center.
RESULTS
A total of 30,679 patients visited the ED during the fourmonth study period. We calculated the following mean data
for the study population: 1) 82 admissions per day; 2) 251
patients presenting per day; 3) 7.2% LWBS rate; and 4) 2.9%
ESI 1; 40.8% ESI 2; 38.2% ESI 3; 17% ESI 4; 1.1% ESI 5.
After removing 1297 observations due to exclusion criteria
and missing data, 29,382 patients (95.8%) were available for
study. In this cohort of 29,382 individuals, a total of 2,213
patients (7.5%) LWBS. Tables 1 and 2 show the description
of the derivation cohort (n = 14,937) and differences
between patients who did and did not LWBS. A total of
1122 (7.5%) patients LWBS. Although p-values for the
comparisons of the two groups were statistically significant,
absolute differences between the groups were generally
small. There was a significant increase in the proportion of
patients LWBS as the “door-to-provider” time increased in
30-minute increments.
Table 3 shows the adjusted odds ratios (OR) for the
variables that were retained in the final regression model
based on the derivation cohort. Patient characteristics
associated with LWBS included younger age (OR 0.98; 95%
CI, 0.98 to 0.99) and lower acuity (higher ESI category) (OR
2.01; 95% CI, 1.84 to 2.20). Arrival by EMS was inversely
associated with LWBS (OR 0.29; 0.23 to 0.36). In general,
the odds of LBWS increased as clinical demand increased,
as measured by number of patients in the waiting room (OR
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Table 1. Univariable analysis of patient characteristics – derivation model.
LWBS
Patient Characteristics

Total

No

Yes

(N = 14,937)

(N = 13,815)

(N = 1,122)

P-value

49.5 (20.5)

50.4 (20.5)

38.1 (15.6)

< 0.001

Female

7,976 (53.4)

7,330 (53.1)

646 (57.6)

Male

6,961 (46.6)

6,485 (46.9)

476 (42.4)

2.65 (0.78)

2.60 (0.77)

3.18 (0.65)

Age, mean (SD)
Gender, n (%)

Acuity (ESI score), mean (SD)

0.004

Race/ethnicity, n (%)

<0.0001
< 0.001

White

7,893 (52.8)

7,507 (54.3)

386 (34.4)

Hispanic

4,731 (31.7)

4,242 (30.7)

489 (43.6)

Black

1,852 (12.4)

1,697 (12.3)

155 (13.8)

Asian

178 (1.2)

162 (1.2)

16 (1.4)

Other/unknown

283 (1.9)

207 (1.5)

76 (6.8)

Arrival Mode, n (%)

< 0.001

Walk-in

8,198 (54.9)

7,234 (52.4)

964 (85.9)

EMS

6,739 (45.1)

6,581 (47.6)

158 (14.1)

Month, n (%)

< 0.001

September

3,647 (24.4)

3,396 (24.6)

251 (22.4)

December

3,585 (24.0)

3,401 (24.6)

184 (16.4)

March

4,020 (26.9)

3,558 (25.7)

462 (41.2)

June

3,685 (24.7)

3,460 (25.1)

225 (20.1)

6-hour time period, n (%)

<0.001

0001 – 6 am

1,858 (12.4)

1,754 (12.7)

104 (9.3)

6 am – 12 pm

4,614 (30.9)

4,444 (32.2)

170 (15.2)

12 pm – 6 pm

5,383 (36.0)

4,848 (35.1)

535 (47.7)

6 pm – midnight

3,082 (20.6)

2,769 (20.0)

313 (27.9)

LWBS, leaving without being seen; SD, standard deviation; EMS, emergency medical services; ESI, Emergency Severity Index.

1.05; 95% CI, 1.03 to 1.06), number of patients in treatment
bays (OR 1.02, 95% CI, 1.01 to 1.02), number of boarding
patients (OR 1.02; 95% CI, 1.01 to 1.03), and arrival rate (OR
1.03; 95% CI, 1.02 to 1.05). Adjusting for all other factors in
the model, the odds of LWBS increased with longer “doorto-provider” times (measured in 30-minute increments). For
this measure, a test of a linear trend in the adjusted ORs was
significant at p < 0.002.
Parameter estimates from the derivation cohort
were applied to the validation cohort and measures of
discrimination and model fit were assessed. Figure 1 shows
the receiver operating characteristic (ROC) curve for
discriminating patients who LWBS from those for whom
evaluation and treatment by a provider was initiated. The
model has “very good” discrimination as indicated by an
area under the curve (AUC) of 0.85 (95% CI, 0.84 to 0.86).
Figure 2 presents a plot of the observed vs predicted risk
over deciles of the predicted risk. The plot shows good
agreement between the observed risk and what was predicted
Volume 21, no. 5: September 2020

by the model. To further assess model calibration, we also
computed the integrated calculation index (ICI) (mean
absolute difference) and associated measures.1-2 The ICI
and median (E50) absolute difference between the observed
and predicted probabilities over the range of predicted
probabilities were 0.009 and .005, respectively. These
estimates indicate that on average model predictions are
nearly identical to observed probabilities. The 90th percentile
(E90) and maximum difference (Emax) were 0.03 and 0.12,
respectively. Thus, 90% of the differences between the
observed and predicted probabilities were no larger than
about three absolute percentage points. The largest absolute
difference between observed and expected probabilities was
12%. The mean (ICI) and median (E50) absolute difference
between the observed and predicted probabilities were
0.009 and .005, respectively. The 90th percentile (E90) and
maximum difference (Emax) were 0.03 and 0.12, respectively.
The largest absolute difference between observed and
expected probabilities was 12%.
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Table 2. Clinical process variables – derivation model.
ED LWBS
Process measures

Total

No

Yes

(N = 14,937)

(N = 13,815)

(N = 1,122)

P-value

11.1 (7.7)

10.7 (7.6)

16.4 (7.5)

< 0.001

Treatment bays

83.8 (19.2)

83.2 (19.3)

91.9 (15.6)

< 0.001

Boarders

16.1 (7.8)

15.8 (7.7)

19.9 (7.8)

< 0.001

Attending physicians

4.7 (1.3)

4.7 (1.3)

5.0 (1.2)

< 0.001

Advanced practitioners

2.9 (0.7)

2.9 (0.7)

2.9 (0.7)

0.825

Number, mean (SD)
Waiting room

EM residents

4.0 (1.9)

4.0 (1.9)

4.2 (1.9)

< 0.001

Registered nurses

22.0 (3.2)

22.0 (3.2)

22.8 (2.7)

< 0.001

Patient care technicians

9.8 (2.3)

9.8 (2.3)

10.6 (2.0)

< 0.001

Patient - RN ratio, mean (SD)

4.2 (0.9)

4.2 (0.9)

4.7 (0.8)

< 0.001

Arrival rate/hour, mean (SD)

18.1 (6.7)

18.0 (6.7)

19.9 (6.4)

< 0.001

ED occupancy rate, mean (SD)

1.0 (0.2)

1.0 (0.2)

1.2 (0.2)

< 0.001

“Door-to-provider” time n (%)

<0.001

<30 mins

1912 (12.8)

1885 (13.6)

27 (2.4)

30 mins – 59 mins

3628 (24.3)

3510 (25.4)

118 (10.5)

60 mins – 89 mins

3527 (23.6)

3280 (23.7)

247 (22.0)

90 mins – 119 mins

2674 (17.9)

2406 (17.4)

268 (23.9)

120+ mins

3196 (21.4)

2734 (19.8)

462 (41.2)

ED, emergency department; LWBS, leaving without being seen; SD, standard deviation; EM, emergency medicine; RN, registered nurse;
mins, minutes.

DISCUSSION
The unique contribution of the study was the
simultaneous focus on both patient characteristics and ED
process measures, and the subsequent development of a
validated model by analyzing the predictors most associated
with patients LWBS. The final model demonstrated “very
good” discrimination with an AUC of 0.85, which suggests
that the model can add significant value in “real time” in
distinguishing between patients who LWBS vs patients who
stay for treatment. We used a comparative cross-sectional
design to study an ED population of large sample size
linking patient factors and ED processes to the rate of
LWBS. Moreover, we validated our model in a separate
cohort after adjusting for seasonality. Several previous
comparative studies have been performed focusing solely on
patient characteristics associated with LWBS.17-18 The results
of these studies corroborate our finding that younger age is
associated with a higher number of patients LWBS. We also
found significant associations with lower acuity (higher ESI
level) and arrival as a “walk-in” rather than by EMS.
In terms of ED process measures, the number of boarders,
patients in the waiting room and in treatment bays, arrival
rate and “door-to-provider” times emerged as independent
Western Journal of Emergency Medicine

predictors in our study. Despite the fact that these measures
appear to be closely correlated, we limited multicollinearity
by studying a large sample of patients and using a regression
model with backward selection. This methodology removed
many of the process measures from the final model.
Consequently, we believe that our final model represents
stable and precise estimates of measures associated with
LWBS. The significance is that real-time modification of any
of the measures, independently of the rest, may be associated
with a reduction in the number of patients LWBS. Moreover,
identifying the key ED process measures from our model can
lead to targeted hospital-wide strategies for improving day-today operations.
Hospital inefficiency and lack of patient flow result in an
increase in the number of ED boarders, which emerged as a
significant predictor of LWBS in our study. Optimized systems
design and focused attention on the problem of boarding are
required in the ED as well as on an institutional level in order
to effect positive change.19 The “provider in triage” model
was not implemented during the study period (nor has it been
since completion of the study) since we believe the model is a
resource intensive “work-around” of the true problem of ED
boarding and poor hospital throughput. LWBS continues to be
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Table 3. Final model: regression coefficients – derivation sample.
Explanatory variable

Odds ratio

95% CI

P-value

Age

0.98

[0.98 - 0.99]

< 0.001

Acuity

2.02

[1.85 - 2.21]

< 0.001

Arrival mode

0.29

[0.23 - 0.36]

< 0.001

Arrival rate/hour

1.03

[1.02- 1.05]

< 0.001

Hour (linear spline)
0001 – 0600

1.0 (reference)

0601 – 1200

0.28

[0.18 - 0.42]

< 0.001

1201 - 1800

0.4

[0.26 - 0.62]

<0.001

1801 - 0000

0.56

[0.38 – 0.81]

0.002

Race/ethnicity

-

White (reference)

1.00

Hispanic

1.24

[1.04- 1.48]

Black

1.19

[0.96- 1.49]

0.11

Asian

1.22

[0.63- 2.37]

0.55

Other/unknown

4.86

[3.42- 6.92]

< 0.001

0.02

Month
Sep 2015

1.0 (reference)

Dec 2015

0.78

[0.55 - 1.11]

0.18

Mar 2016

1.34

[0.98 - 1.84]

0.06

Jun 2016

1.02

[0.74 - 1.40]

0.90

No. in waiting room

1.05

[1.03- 1.06]

< 0.001

No. in treatment bays

1.01

[1.01 – 1.02]

< 0.001

No. of boarders

1.02

[1.01- 1.03]

0.001

[0.95 - 1.89]

0.09

Mean “door-to-provider” time
<30 minutes

1.0 (reference)

30 mins – 59 mins

1.34

60 mins – 89 mins

1.69

[1.20 - 2.39]

0.003

90 mins – 119 mins

1.87

[1.28 – 2.73]

0.001

120+ mins

1.99

[1.34 – 2.96]

0.001

test of linear trend in odd ratios: p = 0.0002
CI, confidence interval, mins, minutes.
a

a challenge even in EDs that have implemented the provider
in triage model albeit at a lower level. This model is far from
ubiquitous and results in a net expense to the organization
since the provider cannot bill for the service on the
professional side (at least not in the state of Massachusetts).
We continue to prefer to address the “real” problem rather
than providing a less optimal and more expensive approach to
emergency care.
While in-patient occupancy and LOS are important
measures of patient flow in the hospital, we were not able to
obtain these data in one-hour increments in our institution;
we therefore could not include these measures in our model.
Using an alternative method based on queueing theory
principles, Wiler et al also determined that reducing the
Volume 21, no. 5: September 2020

number of patients boarding in the ED reduces the rate of
LWBS.10 A regression analysis model focused exclusively
on ED process measures determined that the total number
of patients cared for in the ED, number of resuscitation and
trauma patients, and the number of observation admissions
explained only 52.8% of the variability in LWBS.20 ED
occupancy (the number of registered patients divided by the
number of licensed ED beds) of greater than 140% was shown
to be an important contributor by other investigators.21 These
results clearly speak to the importance of managing in-patient
and ED flow and LOS as priorities when attempting to reduce
the number of patients who LWBS.
We found that a “door-to-provider” time of greater than
one hour appeared to be a point in time beyond which the
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Figure 1. Validation cohort – receiver operating characteristic
curve. Area under the curve = 0.854.
ROC, receiver operating characteristic; AUC, area under curve.
-Asymptotic NormalROC

Obs

Area

Std. Err.

[95% Conf. Interval]

14,445

0.8542

0.0049

0.84324

0.86240

Figure 2. Calibration plot of observed vs predicted risk of patients
leaving without being seen.

LWBS rate significantly increased (p < 0.003). While other
investigators have found a range of delays of 30 minutes to
two hours to be critical points in time, longer durations of the
ED “front-end” process – from initial patient presentation to
placement in an exam room – consistently predict that patients
will LWBS at a higher rate. 12, 22- 26 “Door-to-provider” times
are increasingly important and have been greatly modified
Western Journal of Emergency Medicine
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by administrative designs including fast-track care and
providers in triage.27-29 Based on our results, we emphasize
the importance of identifying critical “door-to-provider” times
associated with LWBS, as this may guide current and future
strategies. The acuity level of some patients who LWBS
may actually have prompted admission had they decided
to stay and complete a full evaluation. This is of particular
concern for higher risk patients who occasionally experience
adverse outcomes after LWBS from the ED.30 Accordingly,
more of these patients re-present to the ED within 48 hours
for care compared with patients who receive a complete
evaluation and management at their initial ED presentation.31
Fortunately, patients with time-sensitive emergency conditions
are typically assigned ESI levels that justifiably lead to early
provider evaluation.26
The patient to RN ratios and the RN, attending physician,
and emergency medicine resident staffing numbers reached
statistical significance in univariable analysis but were
not found to contribute significantly to our final model;
moreover, these measures did not contribute to improvements
in discriminating patients who LWBS vs those who were
evaluated by a provider. Using a 24-hour rather than one-hour
period as the unit of measure, investigators have previously
found that, after controlling for ED volume, hospital
occupancy and admission rate, fewer RN staffing hours
are associated with a statistically significant increase in the
number of patients who LWBS.32 Considerable variability in
process measures occur in the ED over 24-hour periods, which
is the reason we chose to collect data in one-hour increments.33
We emphasize that our results should not be interpreted to
mean that patient to RN ratios and other measures of staffing
are unimportant. Rather, they suggest that one or more other
variables in the final model were more strongly correlated with
the outcome and explained much of the association between
the outcome and staffing measures. Moreover, physician and
RN staffing may simply not demonstrate sufficient variability,
compared with other measures, to be statistically significantly
associated with the observed variability in the rate of LWBS;
greater variability in a predictor will reduce the variability in
the estimated beta coefficient.34 Ultimately, measures such as
the number of boarders, patients in the waiting room, arrival
rate and “door-to-provider” times, demonstrated stronger
associations with patients LWBS in our study.
The ability to identify patients who are more likely to
LWBS can highlight avenues for recovering potential lost
revenue. Using this predictive model can help influence
hospital administrators regarding the need to address boarding
as a hospital-wide issue as opposed to an isolated ED problem.
Moreover, the findings in this study can be used to advocate
for additional staffing and creative workspace during hours
when the arrival rates per hour are highest and when a surge in
volume occurs. As mentioned earlier, this study highlights
areas in which real-time modifications can result in significant
changes in the rates of patients who LWBS. Strategies focused
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on reducing boarding, reducing the number of patients in the
waiting room and treatment bays, arrival rate, and door-toprovider times have the opportunity to result in increased
revenue and improved care and patient satisfaction.

Address for Correspondence: Rathlev NK, MD, Department of
Emergency Medicine, Baystate Medical Center, 759 Chestnut St,
Springfield, MA 01199. Email: Niels.Rathlev@tufts.edu.

LIMITATIONS
Limitations apply to our study including that this was a
single-center, cross-sectional study with separate derivation and
validation cohorts that were collected from the same institution
and time frame. We captured data for four seasonally adjusted
months, rather than an entire 12-month period, but believe that
our large sample sizes are representative of the overall annual
experience. Moreover, we were able to obtain ED process
measures at one-hour intervals, but not in smaller increments of
time. It is theoretically possible, but not likely in our experience,
that these measures vary significantly over smaller time periods.
Important hospital-wide measures, such as in-patient occupancy,
are calculated only once a day at midnight in our institution, thus
rendering them relatively meaningless for our purpose.
We recognize that many of the variables assessed during
model development are correlated with one another, which
conceivably may induce multicollinearity and affect estimated
standard errors of model coefficients. In severe cases,
multicollinearity can produce very unstable and imprecise
estimates of the standard errors, which may lead to unstable
estimates of effect, wide CIs and misleading p-values.
Multicollinearity, however, does not affect the utility of the
regression model in estimating mean responses or making
predictions.35 We applied remedies suggested by Vatcheva et al
that focus on stabilizing the variance estimates.36 These include
increasing the sample size, if possible, and removing one or
more of the less important correlated variables. For the model
development, our sample size was extremely large (n = 14,937)
and we are therefore confident that our parameter estimates and
standard errors are stable and precise. Secondly, our backward
selection process removed many of the process and utilization
variables, thus reducing the likelihood of severe multicollinearity.
Third, we compared our final model with other possible models
that may potentially capture LWBS risk. As such, we believe that
our final model represents stable and precise estimates of factors
associated with LWBS.
CONCLUSION
The rate with which patients LWBS from the ED is
frequently cited as a measure of operational efficiency. Based
on our results, the numbers of patients in the waiting room and
boarding inside the treatment area are positively associated with
patients LWBS. Moreover, the arrival rate of new patients per
hour is also associated with this outcome. We found that “doorto-provider” time plays an important role and can, at least in
some measure, be reduced through administrative design. Not
surprisingly, patients who LWBS tend to be younger in age, lower
in acuity with a higher ESI score, and arrive ambulatory rather
than by EMS.
Volume 21, no. 5: September 2020
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Introduction: Community paramedicine (CP) is an innovative care model focused on medical
management for patients suffering from chronic diseases or other conditions that result in overutilization of healthcare services. Despite their value, CP care models are not widely used in United
States healthcare settings. More research is needed to understand the feasibility and effectiveness
of implementing CP programs. Our objective was to develop a CP program to better meet the needs
of complex, high-utilizer patients in a rural setting.
Methods: We conducted an observational descriptive case series in a community, 25-bed, critical
access hospital and primary care clinic in a rural Wisconsin county. Multiple stakeholders from the local
health system and associated ambulance service were active participants in program development and
implementation. Eligible patients receiving the intervention were identified as complex or high need by
a referring physician. Primary outcomes included measures of emergency department, hospital, and
clinic utilization. Secondary measures included provider and patient satisfaction.
Results: We characterized 32 unique patients as high utilizers requiring assistance in medical
management. These patients were enrolled into the program and categorized as high utilizers
requiring assistance in medical management. The median age was 76 years, and 68.8% were
female. After six months, we found a statistically significant decline in patient utilization for primary
care (53.3%, p = .006) and ED visits (59.3%, p = .007), but not for hospitalizations (60%, p = .13,
non-significant (NS), compared to the six months preceding enrollment. Overall, the total number of
healthcare contacts was increased after implementation (623 before vs 790 after, + 167, +26.8%).
Implementation of the CP program resulted in increased overall use of local healthcare resources in
patients referred by physicians as high utilizers.
Conclusion: The implementation of an in-home CP program targeting high users of healthcare
resources resulted in a decrease in utilization in the hospital, ED, and primary care settings;
however, it was balanced and exceeded by the number of CP visits. CP programs align well
with population health strategies and could be better leveraged to fill gaps in care and promote
appropriate access to healthcare services. Further study is required to determine whether the shift in
type of healthcare access reduces or increases cost. [West J Emerg Med. 2020;21(5)1227-1233.]
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Community Paramedicine Program in Rural U.S.
INTRODUCTION
Community paramedic (CP) programs are an evolving
practice of non-emergency, community-based care. The
traditional model of emergency medical services (EMS) in
the United States focuses on the response to acute injury
and illness. Conversely, the primary foci of CP programs
are preventive, with an emphasis on primary care delivery,
prevention, screening, and wellness. CP programs target
several areas of emphasis, including patients who have
difficulty managing single or multiple chronic diseases, who
have high risk for readmission after discharge, and in general
overuse healthcare services.1
In 2015 more than 100 agencies established CP programs
in 33 states2 with variable state regulatory environments.
Some states, such as Minnesota, have established a level
of care and Medicaid reimbursement through legislation.
However, at the time of this study, the State of Wisconsin had
not passed legislation allowing for reimbursement. Therefore,
the value of a CP program may best be demonstrated through
reduced use of services. The aim of this study was to describe
a CP program developed by a health system medical provider
and an associated ambulance service and to analyze its impact
on healthcare use and the subsequent financial ramifications.
METHODS
Setting
The primary service area for this study was a rural area
in northwestern Wisconsin. The county has a population of
45,5633 and covers approximately 890 square miles. The area
ambulance service employs nine full-time, ground-ambulance
emergency medical technicians and paramedics and receives
approximately 1500 combined emergent and non-emergent
requests for service annually. The regional health system
hospital is a 25-bed, critical access hospital and primary care
clinic with 445 employees. This project was approved by the
Mayo Clinic Institutional Review Board.
Multidisciplinary Program Creation
A multidisciplinary team from the health system
site and the associated ambulance service was formed in
July 2015 to develop the CP program, which included
the following features: emergency physician leadership;
health system administration; EMS leadership and research
coordination; nursing, home health and hospice care,
the Office of Population Health, palliative care; quality
resources (management engineering and internal consulting);
information technology; compliance; and local paramedics.
The multidisciplinary team identified gaps of care
within the community through quantitative data analysis and
stakeholder interviews and then identified opportunities in the
emergency department (ED) and the primary care department,
with a focus on high-use patients. Through development of
the program infrastructure, process, and procedures, the team
consulted with home health and hospice services staff. Over 12
Western Journal of Emergency Medicine

Population Health Research Capsule
What do we already know about this issue?
Community paramedicine (CP) is a flexible,
relatively low cost way to extend primary care
outside of the clinic and hospital setting and
into the community.
What was the research question?
Does implementation of a CP program decrease
utilization of traditional healthcare resources?
What was the major finding of the study?
CP decreased utilization, but was balanced
and exceeded by the number of visits.
How does this improve population health?
CP is an important tool in decreasing highcost healthcare utilization such as emergency
department visits and hospitalizations.

months, the team focused on the development of care processes
and procedures, paramedic communication with physicians
for patient care plans, an appropriate referral and scheduling
process, and assessment of quality outcomes. Routine reports
were presented to ambulance service and health system leaders.
The group met weekly with CP personnel to discuss patient
volume and issues with the program.
Medical Director
The physician who was the medical director for the CP
program also served as the medical director for two local
ambulance services and a local paramedic training institution
in addition to working as an emergency physician within
the same health system as the one in this project. The CP
program medical director (PMO) assisted in all aspects of
development and implementation and focused specifically
on educating and interacting with referring physicians,
developing medical guidelines, and reviewing medical records
for quality purposes.
Community Paramedicine Education
Two local CPs, chosen by the site manager, attended a
CP training program at Hennepin Technical College in Eden
Prairie, Minnesota.4 The one-semester, distance education
course consisted of 72 hours of classroom time, 72 hours
of online content, and 196 hours of clinical time conducted
locally. The standardized curriculum was created by the North
Central EMS Institute.5 Both CPs attended all clinical hours
at the regional hospital that participated in this program, and
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spent considerable time with primary care physicians enrolling
patients into the program. Beyond the CPs’ clinical education,
the secondary intention was to create a working relationship
and rapport between the CPs and the referring physicians.
Additionally, clinical time was spent with staff involved with
home health and hospice, wound care, the ED, respiratory
therapy, and mental health. Both CPs received CP certification
through the Minnesota Emergency Medical Services Regulatory
Board before the start of the program. During this project, the
state of Wisconsin did not offer CP certification, but it did allow
CP projects to occur within the state with prior approval.
Education for Referring Physicians
The CP PMO provided formal presentations to primary
care physicians and hospitalists and informal presentations
to emergency physicians. The broad inclusion criteria were
intended to recruit patients who were high users of the ED
and the clinic, who had a high risk for readmission or falls,
who had chronic illness or needed postsurgical wound care,
or who required frequent international normalized ratio (INR)
monitoring or other blood tests. The only exclusion criteria
were patients younger than 21 years and patients in skilled
nursing facilities. An online survey to evaluate physicians’
perceptions of the program was distributed to all physicians
who had referred at least one patient.

Medical Guidelines Development
Medical guidelines were developed from existing CP
program guidelines, with permission, from Eagle County
Paramedic Services in Edwards, Colorado.6 The medical
guidelines were adapted and used to address the specifics
of a home visitation, including the history and examination,
medication reconciliation, home assessment, and specific
procedures such as drawing blood, point-of-care testing,
and wound care. The state of Wisconsin required receipt of
these protocols before the program began to ensure that all
medical care was within the current, state-defined paramedic
scope of care.

Volume 21, no. 5: September 2020

Scheduling
Physicians identified potential candidates for the CP
program during clinic appointments, ED visits, or hospital stays.
If the patient agreed to enroll, the physician completed an order
for a CP visit and documented objectives and a care plan in the
EHR for the CP to review. The order was automatically printed
in the paramedic office, and one of the CPs would schedule
the visit. The physician determined the frequency of visits
(eg, once weekly or twice weekly). Patient scheduling was
shared with the ambulance dispatch center to allow for safety
checks every 30 minutes during on-scene time. Visits occurred
Monday through Friday from 8am to 5pm, with each visit lasting
approximately one hour.
Vehicle and Equipment
The CPs used a clearly marked passenger car that required
no additional modification. The vehicle was equipped with a
response bag containing equipment for assessment. Additional
equipment that was not already carried by the ambulance
service included the following: a scale and measuring tape
(to measure the patient’s weight and height); an INR testing
machine; an otoscope; laboratory blood vials from the
hospital; and a cooler for transporting specimens. Each CP
was given a laptop computer (for in-home documentation into
the EHR) and a cell phone.

Staffing Model
The two CPs were each allocated 20 hours weekly for a
total of 40 hours per week: 10 hours for patient scheduling,
administrative duties, and visit planning, and 30 hours for
in-home visits. The model allotted one hour per in-home visit
and 30 minutes of travel time per visit. With visits scheduled
Monday through Friday, the maximum number of patient
visits per week was 20 (four per day).

Integrated Health Record
The regional health system hospital used an electronic
health record (EHR), while the ambulance service used
an EMS-specific product. The hospital EHR allowed for
scheduling of patient visits and direct messaging between the
ordering physician and the CP. Additionally, the CP required

access to the hospital EHR to review the medical order
and pertinent clinical history. The CPs received training to
perform all documentation in the hospital EHR. Information
technology specialists developed the new documents and
templates within the EHR. No documentation was done within
the EMS patient-record system. Each CP received a companyissued smartphone for business relating to the CP program and
to support EHR documentation while in the patient’s home.

Patient Visit
1. Before the patient visit, the CP accessed the patient’s EHR
to review and confirm the physician’s order, care plan,
history, visit notes, laboratory test results, and current
medications and doses. CPs arrived at the patient’s home
at the scheduled time and called the dispatch center to
confirm their arrival. While meeting with the patient, the
CPs focused on six key areas:
2. Present health status: evaluation of activity level; patient
perception of health; and current medications.
3. Past health history: review of allergies; illnesses, surgical
procedures; hospitalizations, immunizations, most recent
evaluation by a physician, and family medical history.
4. Physical examination: review of general health status and
specific systems.
5. Medication reconciliation: review of current medications,
including dosages, daily schedule, and adherence to
therapy; identification of medications that might have
been prescribed by another physician or another medical
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provider; and assisting with sorting of medications if a
sorting system was used.
6. Environmental assessment: use of the Physical
Environment Assessment Tool (PEAT) scale at the first
visit and at subsequent visits when necessary.7
7. Specific physician orders: review of specific orders, such
as providing wound care; monitoring INR; testing blood
glucose; or drawing blood.
The CP documented information from the assessment,
including the PEAT scale, into the EHR through mobile remote
access while still at the patient’s home or after the visit. If the CP
had any concerns, the CP called the ordering physician or the oncall physician for direction. If any assessment finding indicated
the need for urgent assessment by a physician (eg, chest pain or
stroke symptoms), the CP was instructed to call 911.
Physician Review of the Visit
After the CP completed documentation in the EHR, an
automated alert was sent to the ordering physician and the
CP program medical director. If a single visit was ordered,
the physician could order subsequent visits, revise the care
plan, or discharge the patient from the program. The CP PMO
reviewed all the CP’s documentation and provided feedback
for quality improvement.
Referring Physicians
An online, 10-item survey was created and distributed to
physicians who referred at least one patient to the CP program.
The aim of the survey was to evaluate the physicians’
impressions of the program, communication with CPs, and
overall satisfaction with the program.
Data Analysis
We included for analysis patients enrolled from March
1–September 30, 2016. As part of data abstraction, the
CP PMO eviewed patient health records to determine the
primary medical reason for referral. Patients were grouped
into one of three categories: high users needing medical
management; high risk for readmission; and post-discharge
follow-up. The study team exported all patient visits to
the ED, all hospitalizations, and all primary clinic uses
because primary care charges could result from an ED
visit or hospitalization rather than from only a visit to the
primary care physician’s office. The PMO evaluated all
visits and clinic uses to determine whether they were related
to the referring reason six months before enrollment and
six months after enrollment. Although all patients were
categorized with a single referring reason, most patients had
comorbidities noted by the referring physician and were
often referred with more than one reason. All visits and
clinic uses were included for analysis if they were related
to a referring reason. The Mayo Clinic Institutional Review
Board approved this study.
Western Journal of Emergency Medicine

Objectives
The purpose of this study was to describe and evaluate
the creation of a rural CP program and determine the change
in healthcare utilization resulting from community paramedic
in-home visits. The primary end-point was to analyze
whether change in utilization type (ED, primary care, and
hospitalizations) occurred by implementing CP visits. Further,
we analyzed the number of CP visits required to create such
reduction in utilization types.
RESULTS
During the seven-month study period, 42 unique patients
were enrolled in the program: 32 were classified as high users
with medical management, six as high risk for readmission,
and four as post-discharge follow-up.
High Users Needing Medical Management
The median age of the 32 high users was 76 years; 22
(68.8%) were women. The total number of in-home CP visits
for the six months after each patient’s enrollment was 412
(range, 1-47 per patient). Primary referral reasons are shown
in Table 1. Primary care physicians referred seven patients
(21.9%), emergency physicians referred 15 (46.9%), and
hospitalists referred 10 (31.2%) as part of discharge from an
admission.
Individual patient use of health services decreased from
the six months before enrollment to the six months after
enrollment (Table 2). The total number of visits and clinic uses
decreased in the six months after enrollment (Table 3).
In the six months before enrollment, 10 patients required
911 services a total of 16 times. During the six months
following enrollment, 10 patients had a total of 14 requests
for 911 services. The payer mix for these 32 patients was 94%
(30/32) government insurance (Medicare or Medicaid)/ and
6% (2/32) private insurance.
High Risk for Readmission and Post-discharge Follow-up
Six patients were categorized in the high-risk readmission
group, but one patient was enrolled twice during the study

Table 1. Primary referral reason for patients categorized as high
users of medical resources.
Primary referral reason

Patients, No. (%)

Falls

11 (34)

Chronic pain

6 (19)

Hypertension

4 (12)

Diabetes mellitus

3 (9)

Respiratory condition

3 (9)

Mental health

2 (6)

Multiple comorbidities

2 (6)

Congestive heart failure

1 (3)
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Table 2. Individual patient use of health services before and after enrollment.
6-month period, number of patients
Health service

Differencea

Before enrollment

After enrollment

Patients, No.

Decrease, %

Primary care

30

14

-16 (p=.006)

53.3

Emergency department

27

11

-16 (p=.007)

59.3

Hospitalization
10
4
-6 (p=0.13)
60.0
Difference = After enrollment - Before enrollment
Statistical Test: McNemar’s test of paired proportions was used to determine if there was a difference in the proportion of health
services before and after enrollment. A continuity correction was applied to approximate the Chi-Square distribution.
a

period. Results of 72-hour and 30-day readmissions are shown
in Table 4. The study team used the same outcome measures
for the four patients enrolled for post-discharge follow-up. All
patients were referred by a hospitalist before discharge or at
discharge from a hospitalization.
Referring Physicians
The survey for referring physicians garnered a response rate of
86% (18/21) (Table 5).
DISCUSSION
Healthcare organizations, nationally, are looking for safe,
high-quality mechanisms to get the right patient to the right
place of care. In some cases patients can be managed in their
homes with the right support and resources in place to avoid
costly and potentially risky hospital admission. In the era of
payment reform and many systems moving to an accountable
care organization model, healthcare organizations look to
mitigate readmission penalties and develop programs to
manage patients remotely in their homes when possible.
Approximately 80% of older adults have at least one
chronic disease, and over two-thirds of all healthcare
costs are attributed to treating those diseases.8 The ability
of these patients to self-manage varies. Patients who
have difficulty with self-management may benefit from a
CP program that is integrated with the patient’s primary
care provider. A CP program can supplement clinic visits

with physician-ordered vital sign monitoring, point-ofcare testing, medication reconciliation, assistance in diet
planning, and other areas of wellness.
The national, acute care 30-day readmission rate for
Medicare beneficiaries is nearly 20%. Readmission rates
greater than the national average put healthcare systems at
risk for financial penalties from the Centers for Medicare &
Medicaid Services.9 To decrease readmission rates, healthcare
systems are developing methods to identify patients who have
the greatest readmission risk. Organizations are turning to CP
programs to help reduce that risk. A readmission can occur for
various reasons, including adverse drug reaction, incorrect use
of prescription medication, increased risk of fall, exacerbation
of the primary cause for hospitalization, and poor wound
care after a surgical procedure. Regardless of the reason, an
integrated CP program can address these issues and more
specific issues as identified and ordered by the physician.
While there was a reduction in primary care visits (n =
221), ED visits (n = 15) and hospitalizations (n = 9), there
were a total 412 CP visits conducted to achieve these results.
There was an increase in utilization when considering the
addition of the CP visits. However, the cost of the CP visit
compared to other visit types (primary care, ED, hospital) must
be considered. In the case of primary care visit reduction, it is
likely that these visits were merely replaced by the CP visit,
which may have a cost benefit, especially to the patient, when
considering patient travel and time away from work. Careful

Table 3. Aggregate use of health services before and after enrollment by the patient population (n=32).
6-month period, number of events
Health service

Differencea

Before enrollment

After enrollment

Events, No.

Change, %

Primary care

547

326

-221 (p<.001)

-40.4

Emergency department

60

45

-15 (p=.17)

-25.0

Hospitalization

16

7

-9 (p=.095)

-56.2

Community paramedic visits

0

412

NA

NA

623

790

+167

+26.8%

Total healthcare contacts

Difference = After enrollment - Before enrollment
Statistical Test: For each health service, a z-test of proportions was used to test whether the number of tests before and after enrollment
were the same. The z-test statistic was computed by comparing the proportion of tests for a given service that occurred after enrollment,
and comparing to 0.5.
a
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Table 4. Emergency department (ED) visit and readmission rates within 72 hours and 30 days after hospital discharge.
≤72 Hours
Patient category

≤30 Days

ED visit

Readmission

ED visit

Readmission

High-risk discharge (n=7), No. (%)

0 (0)

0 (0)

1 (14.3)

1 (14.3)

Postdischarge follow-up (n=4), No. (%)

0 (0)

0 (0)

0 (0)

1 (25.0)

measurement of the cost of developing and deploying a CP
program vs the savings from patient and payor expenses will be
important for future research and a cost-benefit analysis.
Overuse of the ED can stress healthcare resources by
increasing ED wait times, delaying ambulance response times,
and diverting ambulances because of hospital crowding.
Frequent patient use of the ED has been a long-standing
issue,10-15 and patients who overuse the ED may also overuse
other medical services, such as primary and inpatient care.16
Patients enrolled in the CP program for assistance in medical
management and previous overuse of healthcare resources
realized a decrease in primary care use, ED visits, and
hospitalizations of 53.3%, 59.3%, and 60.0%, respectively.
The decrease in use implies smaller charges to the patient and,
given the primary payer sources of this population, a reduction
in unreimbursed expenses to the health system.
This analysis was observational; however, several areas
of future quality improvement were identified. Referring
documentation lacked clearly defined patient care objectives,
making it difficult to establish patient care and outcome goals
to successfully discharge patients from the program. Future
work will include implementing a care-planning process
where the CP will create and document goals and objectives in
conjunction with the patient and the primary care physician to
create a plan for successful discharge from the program in the
fewest visits necessary.
LIMITATIONS
It was not possible to identify whether or when enrolled
patients pursued medical care outside the health system.

Accordingly, such use would not be represented in these
findings. Further, healthcare providers were aware of this
study, inherently introducing selection bias. While efforts
were made to apply risk-assessment tools consistently,
we could not control for a potential selection bias within
the cohort. While we did observe decreases in clinic and
hospital resource utilization, not all were statistically
significant. It is important to continue to evaluate CP
programs and publish results of large and diverse sample
sizes. It is also necessary to account for the cost of startup and maintenance of a CP program in comparison to the
cost avoidance from ED and hospital utilization reduction.
In this experience, 412 CP visits were conducted. Future
programs will benefit from measuring and improving upon
efficiencies where possible to provide the greatest impact
with the fewest encounters. While decrease in utilization
is described here, it must be acknowledged that CP visits
themselves are a form of healthcare utilization and the
number of visits conducted for this small sample size was
extensive. The authors report no conflicts of interest. The
authors alone are responsible for the content and writing of
the paper.
CONCLUSION
The implementation of a CP program targeting high users
of healthcare resources resulted in a decrease in healthcare use
in the hospital, ED, and primary care settings. This program
may also reduce readmission rates for high-risk patients
discharged from the hospital. Referring physicians generally
agreed that the program benefited their patients.

Table 5. Physician survey results.
Agree

Disagree

Undecided

I am comfortable with the community paramedic referral process

Survey item

16

1

1

Patients I refer benefit from the community paramedic visit(s)

16

0

2

My expectations of the community paramedic visit(s) are met

17

0

1

Following a community paramedic visit, I see improvements in the patients’ health/wellness

14

0

4

Patients are satisfied with the care delivered by the community paramedic

18

0

0

I am satisfied with the ability to communicate with the community paramedic about care plans

17

0

1

The community paramedic is responsive to changes in the plan of care

14

0

4

The community paramedic provides quality care to the patients I refer

17

0

1

I would recommend this process to other clinicians

18

0

0

The community paramedic program should be expanded in my region

14

0

4
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Introduction: There is concern about the initiation of opiates in healthcare settings due to the risk
of future misuse. Although opiate medications have historically been at the core of prehospital pain
management, several states are introducing non-opiate alternatives to prehospital care. Prior studies
suggest that non-opiate analgesics are non-inferior to opiates for many acute complaints, yet there
is little literature describing practice patterns of pain management in prehospital care. Our goal was
to describe the practice patterns and attitudes of paramedics toward pain management after the
introduction of non-opiates to a statewide protocol.
Methods: This study was two-armed. The first arm employed a pre/post retrospective chart review
model examining medication administrations reported to the Massachusetts Ambulance Trip
Information System between January 1, 2017–December 31, 2018. We abstracted instances of
opiate and non-opiate utilizations along with patients’ clinical course. The second arm consisted
of a survey administered to paramedics one year after implementation of non-opiates in the
state protocol, which used binary questions and Likert scales to describe beliefs pertaining to
prehospital analgesia.
Results: Pain medications were administered in 1.6% of emergency medical services incidents in
2017 and 1.7% of incidents in 2018. The rate of opiate analgesic use was reduced by 9.4% in 2018
compared to 2017 (90.6% vs 100.0%). The absolute reduction in opiate use in 2018 was 3.6%.
Women were less likely (odds ratio [OR] = 0.78, 95% confidence interval [CI], 0.69-0.89) and trauma
patients were more likely to receive opiates (OR = 2.36, CI, 1.96-2.84). Mean transport times were
longer in opiate administration incidents (36.97 vs 29.35 minutes, t = 17.34, p<0.0001). We surveyed
100 paramedics (mean age 41.98, 84% male). Compositely, 85% of paramedics planned to use nonopiates and 35% reported having done so. Participants planning to use non-opiates were younger
and less experienced. Participants indicated that concern about adverse effects, efficacy, and time to
effect impacted their practice patterns.
Conclusion: The introduction of non-opiate pain medication to state protocols led to reduced opiate
administration. Men and trauma patients were more likely to receive opiates. Paramedics reported
enthusiasm for non-opiate medications. Beliefs about non-opioid analgesics pertaining to adverse effects,
onset time, and efficacy may influence their utilization. [West J Emerg Med. 2020;21(5)1234-1241.]
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INTRODUCTION
The management of acute pain is central to emergency
care in both the hospital and prehospital settings. Pain
prevalence in the prehospital setting has been reported to be
between 42-53%.1-2 Both the National Association of
Emergency Medical Services Physicians and the American
College of Emergency Physicians have emphasized the
importance of addressing the high incidence of pain reported
by emergency medical services (EMS) utilizers.3-4 However,
recent literature suggests that many prehospital providers
undertreat prehospital pain complaints.5-7
The availability of specific types of analgesics varies by
state, but traditionally opiates have been at the core of
prehospital analgesia protocols. This precedent is complicated
by the ongoing national opiate crisis and the concern that
utilization of opiates in the acute setting may engender longterm misuse and addiction. The opioid epidemic has been
prominent in the minds of healthcare providers and has had
major impacts on how analgesics are dispensed.8 While there
has been some research linking administration of opiates in the
acute care setting with recurrent opiate use, this phenomenon
has not been well described in the prehospital setting.9
In Massachusetts, acetaminophen, ketorolac, and
ibuprofen were introduced to the pain management protocol
for paramedics on January 1, 2018.10 While these
medications have a favorable safety profile and do not have
the addictive or sedative qualities that render opiates
dangerous, they do have the potential to cause harm in
some patients. Ibuprofen and ketorolac have an adverse
effect profile that includes gastric bleeding, renal
dysfunction, and platelet derangement; acetaminophen may
contribute to hepatic toxicity.11 While those adverse effects
are relatively uncommon, there is some concern about
administering these medications in the prehospital setting
in which the patient is undifferentiated and diagnostic
testing is extremely limited. There is also the barrier of
widespread belief that non-opiates are less efficacious than
opiates for acute pain and have an unacceptable time to
effect. However, there is a considerable body of literature
demonstrating non-inferiority in non-opiate medication
administration as compared to opiates for many conditions
commonly encountered in the prehospital setting including
renal colic, long bone fracture, and other minor traumatic
limb injuries.12-15
While most clinicians are in agreement that prehospital
providers should treat pain, there remains equipoise as to
how to guide prehospital pain management. Providers must
attempt to consolidate information pertaining to patients’
self-reported levels of pain, clinical characteristics, and the
possible adverse effects of available analgesics, and then
make an expeditious decision about which medication to
administer. Despite the more widespread availability of
non-opiate analgesics and their proven efficacy, there are few
data available regarding practice patterns of prehospital
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
In the midst of the opioid-use epidemic, the
judicious use of opiate analgesics for acute pain
is paramount to mitigate the risk of future misuse.
What was the research question?
We asked if there were changes in prehospital
pain management after introduction of nonopiate analgesics.
What was the major finding of the study?
Prehospital opiate administration by
paramedics was reduced when non-opiate
options were available.
How does this improve population health?
The introduction of non-opiate medications to
prehospital protocols enables paramedics to
avoid opiates when appropriate.

providers or about their perceptions of prehospital pain
management. This study sought to describe trends in
prehospital analgesic use and providers’ attitudes toward
pain management one year after the introduction of nonopiate options to the state protocol in Massachusetts.
METHODS
Setting and participants
This project used data from Advanced Life Support (ALS)
EMS agencies across Massachusetts. All data for the
retrospective chart review arm of the study were derived from
the Massachusetts Ambulance Trip Recording System
(MATRIS) for ambulance trip-sheets ranging from January 1,
2017–December 31, 2018.8,16 This standardized database
contains data uploaded from 224 ALS-capable services in the
state (with 97.9% reporting compliance), and it is National
Emergency Medical Services Information System compliant.16
MATRIS is maintained by the Massachusetts Department of
Public Health.
Paramedics for the perceptions survey arm were recruited
from 16 departments representing urban, suburban, and rural
services in Massachusetts. All participants were recruited at
scheduled training and administrative meetings. Agencies
included two hospital-based services, five fire-based services,
and nine private services. Participants were considered eligible
for inclusion if they were at least 18 years old, fluent in
English, and currently nationally registered, licensed, and
field-active paramedics. In total, 104 participants were
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approached and 100 completed the administered survey (96%
enrollment rate).
Procedure
We queried the MATRIS database for all administrations
of morphine or fentanyl documented in prehospital trip-sheets
in 2017 and all administrations of morphine, fentanyl,
ketorolac, acetaminophen, or ibuprofen in 2018. Patients who
received morphine or fentanyl comprised the “opiate cohort,”
whereas patients who received ketorolac, acetaminophen and
ibuprofen comprised the “non-opiate” cohort. After being
implemented in the state protocol, non-opiate medications
became available to all agencies simultaneously. We excluded
all encounters where the primary and/or secondary impression
was cardiac arrest or obvious death. Encounters where neither
the primary impression nor secondary impression contained a
pain complaint (eg, respiratory distress, respiratory arrest, etc.)
were excluded in an effort to eliminate instances in which
opiates were used for sedation and not as analgesics. At the
time of this project, ketamine was not available for prehospital
analgesia; it was used only for induction in medicationassisted intubation or for agitated delirium. Encounters where
only ketamine was administered were excluded. We placed
patients who received both opiate and non-opiate medications
in the opiate cohort. Records in which data was incompatible
with MATRIS parameters or obviously erroneous were
excluded. We included encounters for which there was no
primary or secondary impression listed but the dispatch chief
complaint was pain related. The inclusion decision-making
parameters are depicted in Figure.
For the survey portion of the project, participants were
asked to complete an anonymous, 10-minute pencil-and-paper
survey. The survey was conducted in the spring following the
first full year of the implementation of non-opiate medications
in the state protocol. No additional discussion or education
regarding prehospital pain management occurred in the setting
of the survey administration. Data were collected and managed
using REDCap (Research Electronic Data Capture) tools
(V9.1.0) hosted by the primary study site. REDCap is a secure,
web-based software platform designed to support data capture
for research studies.17-18 The institutional review boards at all
participating institutions, as well as the Massachusetts
Department of Public Health, approved this project.
Measures
Parameters extracted from MATRIS for the data arm of
this study included medication administered, dispatch
complaint, subject age, gender, initial systolic blood pressure
(SBP), initial heart rate (HR), transport time, primary and
secondary impression, the EMS agency providing service, and
the location of the EMS call. The perceptions survey collected
demographic information from participants and then utilized a
series of binary question and Likert scales to assess subjects’
attitudes about the benefits and barriers to using opiate and
Western Journal of Emergency Medicine

Figure. Inclusion decision-making parameters for paramedic
administration of opiate and non-opiate medications.
EMS, emergency medical services; SBP, systolic blood pressure;
HR, heart rate.

non-opiate medications for prehospital analgesia. The full
language of the survey is depicted in supplemental Table 2.
Analysis
For the MATRIS data, we calculated descriptive statistics
on all measures for the three cohorts (2017 opiate patients,
2018 opiate patients, and 2018 non-opiate patients).
Comparative statistics were performed for all measured
patient factors including age, gender, mean initial SBP, and
mean initial HR. We completed all statistical computations
using SAS v9.4 (SAS Institute, Cary, NC). P-values were
obtained using Welch-Satterthwaite t-testing for continuous
variables such as age, SBP and HR, and chi-square testing of
independence for categorical variables. We used Pearson
correlation values to assess the association between county
median income and the proportion of medication
administration incidents involving opiates.
For the survey arm, we calculated descriptive data for all
participants, and subsequently for the subgroups of
participants that planned to administer non-opiates and those
that did not. P-values were calculated using chi-square
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testing for binary variables and Wilcoxon rank-sum testing
for continuous variables. The Likert scale data for
perceptions data were reported descriptively for all three
cohorts (all participants, participants planning to use nonopiates and participants not planning to use non-opiates).
Finally, planning to use non-opiates was analyzed by
demographics and Likert scale responses, using chi-square
tests of independence for categorical variables and Pearson
correlations for continuous variables.
RESULTS
MATRIS Data
Descriptive data for all chart review subjects is summarized
in Table 1. Subject demographics between the pre- and postintervention cohorts were not significantly different. In total
there were 677,364 emergent field EMS responses in 2017 and
673,561 in 2018; the rate of pain medication administration was
1.6% in 2017 and 1.7% in 2018. Total medication
administrations are reported in Table 2. Overall, the rate of
opiate analgesic use was reduced by 9.4% in 2018. The absolute
reduction in opiate use in 2018 was 3.6% (385/10809)
compared with 2017. Once non-opiate options were introduced,
women were more likely than men to receive an opiate
medication (OR = 0.78, 95% CI, 0.69-0.89). There were no
statistically significant differences in mean age between opiate
and non-opiate recipients. There were small but statistically
significant differences between mean initial SBP and HR (-1.93
milligrams of mercury and +1.81 beats per minute, respectively,
in the opiate cohort).
In cases where a primary impression was available, most
non-opiates were administered for medical chief complaints.
Patients with traumatic complaints were significantly more
likely to receive opiate medications (OR = 2.36, 95% CI,
1.96-2.84). In both years, and within the opiate and non-opiate
cohorts, abdominal pain was the most common clinical

impression for which pain medication was administered.
The ratio of opiates to total pain medication
administrations by individual EMS services in 2018 ranged
from 0.39 to 1.00. In total, 120 out of 224 (54%) of reporting
services administered at least one non-opiate during the
post-intervention year. Three services had an opiate
administration ratio less than 50%, 27 had an opiate
administration rate under 75%, and 74 had opiate
administration rates under 90%. When the EMS services
included in the survey arm were examined separately, the
proportion of opiates administered in 2018 ranged from
0.81-1.00; there was no significant deviation in their
administration patterns as compared to the rest of the state. We
calculated Pearson correlation between proportion of opiate
administration and median county income of service location
and it was not significant (R = 0.25, p = 0.41).
Paramedics Perceptions Data
In total, we surveyed 100 participants (mean age 42 years,
95% CI, 40.19-43.77; 84% male). All participant
demographics and those of cohorts planning and not planning
to use non-opiates are summarized in Table 3. Participants
who reported planning to use non-opiates were younger (mean
age 39) and less experienced (mean 11.15 years of experience)
than those who did not (41.4 years, p<0.05 and 15 years of
experience, p=0.01, respectively). There was no significant
difference in the pain scale number at which cohorts reported
as benchmarks for administering opiate medications (p =
0.238). Paramedics with greater experience and older age were
more likely to administer opiates at a lower patient-reported
pain scale (R= 0.32, p < 0.05 and R = 0.27, p <0.05,
respectively). Responses to Likert scale-based perceptions
questions are described in supplemental Table 1. The majority
of paramedics (76%) reported agreeing or strongly agreeing
that there was a duty to treat pain in the prehospital setting and

Table 1. MATRIS+ patient demographics.
2017 (n = 10809)
Opiate

2018 (n = 11502)

Non-opiate*

Opiate§

Non-opiate*

P-value

53.7 (22.193)

N/A

54.01 (22.34)

55.31 (21.31)

0.218

Male

5237 (48.6)

N/A

5027 (48.4)

454 (42.3)

0.266

Female

5537 (51.4)

N/A

5352 (51.6)

619 (57.7)

Mean transport time
minutes (SD)

36.12 (18.89)

N/A

36.98 (20.33)

29.35 (29.35)

Mean initial SBP
mm hg, (SD )

143.46 (26.91)

N/A

143.75 (26.55)

145.68 (25.66)

Age, mean (SD)

§

Gender, n (%)

Mean initial HR
88.22 (19.24)
N/A
88.38 (19.42)
86.64 (18.49)
bpm, (SD)
+
Massachusetts Ambulance Trip Recording System
§
Opiate category includes morphine and fentanyl.
*Non-opiate category includes ibuprofen, acetaminophen and ketorolac.
SD, standard deviation; SBP; systolic blood pressure; mm hg, millimeters of mercury; bpm, beats per minute.
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Table 2. Medication administration by year.
Annual totals
2017

2018

Total EMS calls

677,364

673,561

Total administrations

10,809

11,502

<0.001

10,809
(100%, 95% CI,
99.96-100)

10,424
(90.63%, 95% CI,
90.08-91.15)

0.002

N/A

1,078

N/A

Opiates

Non-opiates

P-value

Medication Administration Demographics 2018
Opiate , n

Non-opiate*, n

OR

Female

5,352

619

0.781, 95%
CI 0.688-0.887

Male

5,027

454

Mean age (SD)

54.01 (22.34)

55.31 (21.31)

Mean transport time
(minutes, SD)

36.98 (20.33)

29.35 (29.35)

-7.631
(-8.494,-6.768)

< 0.001

Mean initial SBP
(mm Hg, SD)

143.75 (26.55)

29.35 (29.35)

-1.930
(0.201,3.659)

0.029

Mean initial HR, bpm
(SD)

88.38 (19.42)

86.64 (18.49)

1.808
(-3.004,-0.613)

0.003

§

T

Δ mean
(95% CI)

P-value
< 0.001

T= 1.90

0.058

Opiate category includes morphine and fentanyl.
*Non-opiate category includes ibuprofen, acetaminophen and ketorolac.
EMS, emergency medical services; OR, odds ratio; SD, standard deviation; SBP, systolic blood pressure; mm hg, millimeters of mercury;
HR, heart rate; bpm, beats per minute; CI, confidence interval.
§

90% reported believing that prehospital pain management was
effective. Participants not planning to give non-opiate
medications were more likely to agree that pain was difficult
to assess in the prehospital setting, more likely to be
concerned about the adverse effects of both opiates and
non-opiates, and more likely to believe that non-opiates were
not effective in managing pain and took too long to work.
Participants who reported that they were planning to give
non-opiate medications were more likely to be concerned that
administering pain medications would change patients’
clinical presentation for providers in the ED. Concerns about
drug-seeking behavior and opiate tolerance were not different
between cohorts.
Few participants responded affirmatively to concerns
regarding adverse effects (11%), efficacy (12%), and time to
effect (21%) impacting their decision to administer nonopiates. Globally, participants also reported agreement that the
non-opiate ketamine should be available for prehospital
analgesia (72% agreed or strongly agreed) although there was
less support for lidocaine nerve block (33% agreed or strongly
agreed). There was no consensus on support for
implementation of more structured protocols for selecting
prehospital analgesics (26% agreed or strongly agreed; 50%
disagreed or strongly disagreed).
Western Journal of Emergency Medicine

DISCUSSION
Analysis of one state’s data a year after the advent of
non-opiate options demonstrates a modest but statistically
significant absolute reduction in the use of opiates.
Although more work must be done, this is cautiously
encouraging; the rate of opiate administration has dropped
while the rate of pain medication administration has
increased slightly. Although limited demographic and
clinical data are available, there are some significant
patterns in how medications are administered. Trauma
patients and men are more likely to receive opiate
medications, and women are more likely to receive nonopiates. Possible explanations for the utilization of opiates
in trauma patients include the likelihood that they have
more severe or apparent pathology as opposed to the
undifferentiated medical patient, a higher concern for
hemorrhage, or heightened concern that a trauma patient
may be an operative candidate.
Previous literature has shown a significant gender
disparity in acute pain management.2,19 There are not
enough data from this study to determine whether the
biases that have created this discrepancy factor into
prehospital pain management; however, the demonstration
of gender inequality in medication administration is
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Table 3. Survey respondent demographics.
All Subjects

Plan to give non-opiates

Do not plan to give non-opiates

P-value

41.98

38.91

41.4

< 0.01

Median

37

36

42

Range

24,62

24,62

26,53

Male

84 (84)

69 (82)

14 (93)

Female

16 (16)

15 (18)

1 (7)

11.73

11.15

15

Median

10

10

12

Range

1,34

1,34

1,26

Yes

95 (95)

80 (94.1)

15 (100)

No

5 (5)

5 (5.9)

0 (0)

Yes

35 (35)

35 (41.2)

0 (0)

No

65 (65)

50 (58.8)

15 (100)

Yes

85 (85)

85 (100)

0 (0)

No

15 (15)

0 (0)

15 (100)

7.02

6.94

7.5

Age
Mean

Gender, n (%)
0.45

Years of Experience
Mean

0.01

Have given fentanyl to a patient, n (%)
0.954

Have given non-opiate to a patient, n (%)
N/A

Plan to give acetaminophen, ketorolac or
ibuprofen, n (%)
N/A

Pain scale at which opiate given, n (%)
Mean
Median

7

7

7.5

Range

2,10

2,10

5,10

4.21

4.21

N/A
N/A

0.238

Pain scale at which non-opiate given, n (%)
Mean
Median

4

4

Range

1,10

1,10

consistent with known inequalities. Clinical parameters
such as blood pressure, heart rate, and transport time do not
have clinically significant differences in values with regard
to the chosen analgesic.
The state’s slow incorporation of non-opiate medications
may be related to unfamiliarity and some initial discomfort
with adverse-effect profiles. There may also be some
uncertainty as to the appropriate use of a non-opiate vs an
opiate for varying levels of reported pain and degree of
pathology. The overall proportion of EMS patients who
receive pain medication is very low – less than 2% per year
– which brings into question whether the introduction of
prehospital opiate medications is a significant contributor to
later opiate misuse. Although more research is needed and
the use of non-opiate medications should be encouraged
Volume 21, no. 5: September 2020

N/A

when appropriate, it may be that prehospital pain
management is still largely inadequate and that targeting
prehospital opiate use may not be the most fruitful use of
resources for misuse prevention.
Perceptions Data
Prehospital providers largely reported believing that pain
management was part of their duty in the prehospital setting;
however, there was controversy among respondents
regarding gauging pain levels. While many prehospital
providers employ the common 0-10 pain scale, there is no
strict protocol requirement correlating a certain number with
choice of analgesic and there was considerable range in the
numbers that providers reporting being their “cut-off” for
deciding to administer an opiate medication (2-10, mean 7).
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Notably, the majority of respondents did report a difference
in their threshold to initiate an opiate vs a non-opiate with a
higher number correlating with initiating an opiate. This
suggests that providers are individually using an internal
decision-making framework that involves stratifying pain
medication choice to the level of pain reported by patients.
Methods of assessing pain level and correlating this with a
particular analgesic are beyond the scope of this study, but
this variety demonstrates a lack of standardization in pain
management and suggests that there is significant variation
among providers.
Globally, apprehension about the possible adverse
effects of the non-opiates was of lesser concern to the
surveyed prehospital providers. Some providers expressed
a concern for giving non-steroidal medications to patients
who may require operative management or patients who are
suspected to have internal hemorrhage. The literature,
however, largely refutes the concern that one-time use leads
to significant hemorrhagic complications.20- 21 The other
concerns significant to providers with regard to non-opiate
use include the belief that non-opiates are not as efficacious
as opiates and that they take too long to work. While most
providers agree that there are some conditions for which an
opiate medication would be considered more appropriate,
there is conclusive evidence that there are many conditions
common to EMS where non-opiate medications are equally
efficacious with regard to both patient safety and
satisfaction and therein might be considered more
appropriate for use.15
The Advent of Non-Opiate Options
There are additional practical considerations in the use
of non-opiates in EMS. There is value in initiating nonopiate pain management immediately rather than delaying
administration of the same medication after a patient’s
in-hospital evaluation. A patient who has not been
administered an opiate medication may be able to have a
shorter ED course because there is less concern about
sedation, and if applicable, he or she would be able to
operate machinery and return to activity sooner. Patients who
have adequate pain management with a non-opiate in the
field are less likely to expect opiate-based management in
the ED whereas a patient who immediately receives opiate
may be more likely to expect the same in the ED, even if the
diagnosis is not one that would normally require opiate
medication. Finally, non-opiate medications permit patients
who cannot receive opiates to attain pain management in the
field. In Massachusetts, among other states, patients with a
history of substance use disorder or other reasons not to
receive opiate medication have access to a voluntary “nonopioid directive form,” which signals to providers that they
must receive alternative medications; having a robust arsenal
of other options increases the feasibility and desirability of
this directive.22
Western Journal of Emergency Medicine

Future Work and Study
Future studies may seek to describe whether there is an
association between prehospital opiate use, ED opiate use, and
long-term opiate use. More surveillance of prehospital practice
patterns as providers become more familiar with non-opiate
analgesics is needed. There have been studies demonstrating a
reduction in overall opiate utilization in the acute care setting
when non-opiate pain management options are made first line
in pain management protocol; an extension of this type of trial
to the prehospital setting is an important avenue of
exploration.23,-24 Finally, there are a number of additional pain
management adjuncts including ketamine, lidocaine nerve
blocks, and nitrous oxide that have not been universally
implemented in the prehospital setting; these may be validated
as highly efficacious, prehospital pain management options.
LIMITATIONS
Both arms of this study had multiple limitations. The data
collected were in a single state with its own protocols and
therefore have limited generalizability to the rest of the country.
There were relatively limited demographic and clinical data
available for patient subjects, and the doses of the medications
administered were not available. ED data and final diagnoses
were not available for subjects. As with the introduction of
many protocols, there may be lag time between the
implementation phase of the intervention and the prevalence of
provider use of the intervention, so it is possible that data from
coming years will yield a more representative depiction of pain
management practice patterns. The survey arm of the study was
limited to 100 providers and may not be representative of all
licensed paramedics in the state. The proportion of each agency
that participated in the survey was not recorded due to concerns
about anonymity, and therefore one agency may have been
relatively over-represented. Subjects were recruited as a
convenience sample, which may have biased the results. Finally,
a Hawthorne effect may have created bias given the current
cultural environment pertaining to opiates.
CONCLUSION
Non-opiate medications have been modestly
incorporated into one state’s practice a year after
introduction. Limited data are available on providers’
patterns of pain management, but there are some trends that
may inform future educational opportunities for the medical
director. Paramedics largely report enthusiasm for the
non-opiate analgesic. The prehospital setting would benefit
from more literature describing the efficacy of prehospital
pain management and its contribution to the clinical course
of acute care patients.
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Introduction: Ankle injuries that are not properly cared for can have devastating effects on a
patient’s health and ability to maintain an active lifestyle. Recommended outpatient surgery may be
difficult to obtain for many groups of patients, including those without insurance or minority races.
Patients who are of low socioeconomic status also have worse outcomes following trauma. The
purpose of this study was to examine whether insurance status impacts the number of adverse
events that patients face prior to receiving surgical treatment following an emergency department
(ED) visit for an acute ankle injury.
Methods: We conducted a retrospective chart review at two medical centers within the same
healthcare system. The sample included 192 patients presenting to the ED with an unstable ankle
injury between October 1, 2015– May 1, 2018. We used chi-square and t-test analysis to determine
differences in rates of adverse events occurring while awaiting surgery.
Results: Few (4%) patients presented as being self-pay. Neither Medicare (χ2 (1) (N = 192) = 2.389,
p = .122), Medicaid (χ2 (1), (N = 192) = .084, p = .772), other insurances (χ2 (1) (N = 192) = .567,
p = .452), or private insurance (χ2 (1) (N=192) = .000, p = .982) was associated with a difference in
rates of adverse events. Likewise, gender (χ2 (1) (N = 192) = .402, p = .526), race (χ2 (3) (N = 192)
= 2.504, p = .475), and all other demographic variables failed to show a difference in occurrence of
adverse events. Those admitted to the hospital did show a lower rate of adverse events compared to
those sent home from the ED (χ2 (1) (N = 192) = 5.452, p = .020). Sampled patients were admitted
to the hospital at a high rate (49%).
Conclusion: The sampled facilities did not have adverse event rates that differed based on insurance
status or demographic features. These facilities, with hospital-based subsidy programs and higher than
expected admission rates, may manage their vulnerable populations well and may indicate their efforts
to eliminate health disparity are effective. [West J Emerg Med. 2020;21(5)1242-1248.]
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INTRODUCTION
Current standard of care for treatment of unstable ankle
fractures in the emergency department (ED) is to evaluate
and splint, and then have the patient present for outpatient
orthopedic follow-up.1 However, those who face barriers to
obtaining outpatient treatment may have poorer outcomes than
others, indicating this standard of practice may not be optimal
for all patients. Navigating outpatient follow-up and outpatient
surgery in the face of socioeconomic and payer-source
differences may result in significant health disparity in acute
ankle-injury patients. Researchers have identified barriers to
ED patients getting follow-up. Health systems often do not
maintain accurate telephone numbers,2 and making followup appointments can be difficult or appointments may not
be available.3 Patients relying on Medicaid or those without
insurance4,5 and minority race populations6 have increased
difficulty securing follow-up.
Acute ankle injuries can have long-term sequela including
recurrent sprains of the injured ankle, instability with
sensations of “giving way,” stiffness and swelling, or other
symptoms that prevent patients from participating in everyday
activities, even with sound treatment.7 For individuals who
enjoy being active or whose livelihoods depend on standing or
moving, failure to return to health following this type of injury
can cause significant harm. Along with prolonged instability
and potential permanent loss of or decrease in mobility, ankle
fractures that do not heal in proper alignment are seven times
more likely to develop ankle arthritis, which can cause pain
and stiffness requiring long-term treatments.8
Trauma patients without insurance have increased
rates of mortality and complications,9-11 indicating that
there may be disparities in accessible care for trauma
patients. Understanding barriers to proper care may provide
information that could lead to achieving more health equality
as dictated by Healthy People 202012 and other groups.13,14 To
our knowledge, no studies have looked at follow-up rates or
disparities that affect the surgical ankle-fracture patient.
There is a lack of research that explores whether or not
the current practice of stabilizing acute ankle injuries in the
emergency department (ED) and instructing patients to follow
up with a specialist for further evaluation and surgical treatment
leads to health disparity among the non-insured. The purpose of
this study was to explore whether, among patients who suffer
an unstable ankle injury, insurance status is associated with
an increased incidence of adverse events experienced prior to
surgical correction. Secondary purposes, including whether
demographic factors such as gender or race, being homeless, or
intoxicated at the time of injury, were also explored.
METHODS
Design
We conducted a retrospective chart review with data
abstracted from the electronic health records (EHR) at two
EDs within a single institution to examine the relationship
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Improperly treated, unstable ankle injuries,
which generally require surgical fixation,
can lead to a plethora of adverse sequela,
including chronic pain and immobility.
What was the research question?
Among patients who suffer an unstable ankle
injury, is insurance status associated with an
increased incidence of adverse events prior to
surgical correction?
What was the major finding of the study?
We found no difference in rates of adverse
events prior to obtaining surgery in patients
with acute ankle injuries, regardless of
insurance type.
How does this improve population health?
This data indicates it is possible to take
steps to reduce barriers to optimal surgical
treatment of unstable ankle injuries and
decrease disparity in healthcare delivery

between payer sources and adverse events while awaiting
surgery in patients suffering acute, unstable ankle fractures.
Sampling and Setting
We collected data from the EHRs of two EDs within a
single health system where the same orthopedic team serves as
consultant for both EDs. One ED is an urban, safety-net, nonprofit hospital near the downtown area of a large Midwest, US
city. It serves as the primary teaching hospital for an adjacent
medical college and its mission speaks to providing accessible
healthcare regardless of a patient’s ability to pay. As such, it treats
many vulnerable populations including the homeless and those
without health insurance. The second site lies in a suburban area
and focuses on primary care services and provides easy access
for acute and well-care needs for all ages. The two facilities share
an EHR system. Subsidized care is available at both facilities
for qualifying patients who live within the same county as the
hospitals and meet income requirements.
International Classification of Diseases, 10th edition
(ICD-10) codes were identified to capture patients who
presented to the EDs with a closed ankle injury for which the
standard of care is typically surgical fixation. Table 1 shows
a full list of codes used. We obtained all EHRs from patients
presenting to either of the two EDs between October 1, 2015–
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Table 1. ICD-10* codes used to capture patients with an unstable ankle injury.

Ankle fracture

Bimalleolar
fracture

Lateral
malleolus
fracture

Medial
malleolus
fracture

Pilon fracture

Trimalleolar
fracture

Distal tibial
articular
fracture

Syndesmotic
injury

S82.843A

S82.841

S82.63XA

S82.53SA

S82.873

S82.842

S82.64XA

S82.51XA

S82.871

S82.851

S82.3

S93.439A

S82.852

S82.30

S93.431

S82.843

S82.65XA

S82.52XA

S82.872

S82.853

S82.301

S93.431A

S82.844

S82.66XA

S82.845

S82.61XA

S82.53XA

S82.873

S82.854

S82.301A

S93.432

S82.54XA

S82.874

S82.855

S82.302

S93.432A

S82.846

S82.61XA

S82.55XA

S82.875

S82.856

S82.302A

S93.439

S82.846

S82.63XA

S82.56XA

S82.876

S93.439A

S82.851A

S82.309

S82.842A

S82.852A

S82.309A

S82.844A

S82.853A

S82.39

S82.845A

S82.854A

S82.391

S82.855A

S82.391A

S82.856A

S82.392
S82.392A
S82.399
S82.399A

*International Classification of Diseases, 10th edition.

May 1, 2018 and meeting one of the identified ICD-10 codes.
We developed a master list of charts that included patient
identifying information within a REDCapT database. All study
data were collected and managed using REDCap electronic
data capture tools.15 We assigned random codes to each chart
and removed all identifying information. The master list with
patient identifying information was stored separately from
data collected.
Using predetermined guidelines that indicate surgery
would typically be recommended for the treatment of an ankle
injury, a fifth-year orthopedic resident reviewed radiographs
of each subject to determine whether surgical fixation would
likely be recommended. Guidelines for surgical injuries
included lateral malleolus injury with joint subluxation, lateral
malleolus injury with medial clear space widening on stress
or standing view radiograph, displaced medial malleolus
fracture, bimalleolar fractures, trimalleolar fractures, or high
fibular fractures with a positive stress exam. Those that were
determined to be surgical were included. Data were abstracted
from the selected charts by two researchers who were blinded
to the purpose of the study. We calculated Cohen’s kappa
scores to check inter-rater reliability, and the lead researcher
trained abstractors to ensure as much consistency between the
abstractors as possible.
There were 552 medical records with ankle injuries
per the selected ICD codes, of which 255 were identified as
unstable after radiograph review. On chart review, 13 were not
actually acute ankle injuries or EHR data were not available.
An additional 20 patients presented directly to orthopedics or
Western Journal of Emergency Medicine

podiatry and were not ED patients, three of whom suffered
injuries while hospitalized. For 30 patients, surgery was
not recommended, despite their injuries. The most common
reasons for not having surgery recommended were co-morbid
conditions that increased surgical risks or physician preference
at the time of initial evaluation. A sample of 192 cases
remained and were included in the study.
Measures
For this study we considered any ankle injury as found
above that is expected to require surgical intervention to
promote proper healing as an unstable ankle injury. The
dependent variable was adverse events that served as
an additional injury or problem with obtaining surgical
intervention. Time of surgery served as the time that
patient charts were no longer reviewed as they had begun
terminal treatment for the injury. Adverse events included
the following: re-injury at the original site; delay in surgery
greater than three weeks; lost to follow-up where no records
up to eight weeks post-injury were found to indicate surgery
was ever performed; return ED visits prior to surgery; new
traumatic injury; and new pressure ulcer at the site of injury or
elsewhere on the body.
The primary independent variable was insurance
status and was grouped into the following categories: 1)
private insurance; 2) Medicare; 3) Medicaid; 4) worker’s
compensation/liability insurance; 5) self-pay/no-charge; and 6)
other, for which the majority of “other” patients were included
in the hospital-provided subsidy plan. It is important to note
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that the subsidy plan can be applied retroactively, so many of
these patients were likely self-pay at the time of the initial ED
visit and retroactively converted to the subsidy plan. Other
variables collected were the demographic data of age in years,
biological gender, and race/ethnicity grouped as White, Black,
Hispanic, or other. Residency information was collected and
grouped as private home, nursing home, homeless, or other,
and the county and state of residence was included. Alcohol
and drug (excluding marijuana) intoxication at the time of
injury was collected, identified by healthcare provider notes or
a diagnosis code related to alcohol or drug intoxication within
the ED chart during the same initial visit for injury.
Data Analysis
We used SPSS version 22 (IBM Corp, Armonk, NY) for
data analysis. All data were imported from REDCap into SPSS
for analysis. Prior to collecting data a power analysis identified
196 as a target sample size for this study. Descriptive statistics
were examined individually and the chi-square (χ2) test
of association was applied to categorical independent and
dependent variables. The primary independent variable of
insurance was examined on each variable in a 2x2 table to
determine whether the dependent variable was statistically
different when the independent variable of an adverse event
occurring was present compared to when not present. We also
examined secondary outcomes examined via χ2 techniques
for categorical data and with the t-test statistic for continuous
level data. Significance level was set at less than or equal to
.05. We applied Bonferroni adjustments in levels of statistical
significance when appropriate after comparing multiple
variables against the dependent variable.
Ethical Considerations
The involved academic institutions’ institutional review
boards reviewed all study protocols and permission was
granted from the hospital’s privacy committee to use the
EHR data. The study was granted exempt classification since
only medical records were being used and risk to patients
was small. All data were secured within REDCap and patient
identifiers were stored separately from the data collected.
Patient identifier information was only accessed when it
was necessary to review information on the patient within
the medical record and used only by researchers tasked with
reviewing patient charts. Data collection that involved the use
of patient identifying information was always conducted in
a private location to prevent possible casual observation of
patient information that could occur in a public venue.
RESULTS
There were 192 patients seen in one of two EDs within
this single hospital system who sustained an acute ankle injury
that needed surgical repair. The mean age of patients was 43.63
(standard deviation [SD] 14.1) years, and 55% were male.
White race was predominant at 46%, with fewer Black (34%),
Volume 21, no. 5: September 2020

Hispanic (11%), or other (9%) races represented. This reflects a
sampling of the general ED population, which was 50% Black,
33% White, and 11% Hispanic. The majority resided in private
homes (91%), and approximately 5% were homeless. Fifteen
percent were identified as intoxicated with alcohol at the time
of initial visit and 5% with other substance intoxication. The
ankle injury was an isolated injury in 84% of patients and 49%
were admitted to the hospital directly from the ED. Among the
38.3% of patients with “other insurance” listed, almost all had
a hospital-specific subsidy applied either at the time of ED visit
or applied to their account retroactively. Patients who presented
to the ED as self-pay, and had the subsidy applied retroactively,
were queried as “other insurance” and did not remain selfpay. Otherwise, insurance classifications were represented as
18.1% with private insurance, 12.4% with Medicare, 16.1%
with Medicaid, 10.9% with workers’ compensation or liability
insurance, and 4.2% remained self-pay.
Fifteen percent of all patients sustained an adverse event
prior to surgical treatment. Related to insurance status, the
rate of adverse events ranged from 10% in the workers’
compensation/liability group to 25% in the Medicare group.
There were no statistically significant differences in insurance
types noted between those with adverse events and those
without adverse events.
There were no significant differences in any other
demographic variables among those having and not having an
adverse event, except for those “not admitted to the hospital”
who had a 2.755 increased odds of having an adverse event
compared to those admitted directly to the hospital during their
initial ED visit (χ2 (1) (N = 192) = 5.452, p = .020). Reasons for
admission were frequently not clear on chart review with 33%
of charts not giving any indication of reason for admission.
Most, 42%, were admitted by trauma services following a
dangerous mechanism of injury, often for observation. Other
reasons included 12% admitted due to their comorbidities, 7%
for pain control, 4% for social or economic reasons, and 2% for
mobility concerns.
Those individuals who sustained multiple injuries at
the time of ED visit had 5.814 increased odds of having a
presurgical adverse event compared to those having an isolated
injury, although this was not statistically significant (χ2 (1) (N =
192) = 3.613, p = .057). All demographic variables, as well as
the results of the comparisons by complication/no complication,
are shown in Table 2.
DISCUSSION
This study, conducted at two EDs within a single hospital
system, failed to identify any differences in rates of adverse
events prior to obtaining surgery in patients with acute ankle
injuries requiring surgical correction regardless of type of
insurance coverage. This is in contrast to previous studies in
which acute trauma patients had increased rates of mortality
and complications when they did not have insurance.9-11
Furthermore, previous research showed that obtaining follow-
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up care can be difficult,2,3 which seems paramount to patients
who are often discharged with the intent to secure outpatient
surgical services. Previous research also indicated follow-up
was particularly difficult to obtain for those on Medicaid and

without insurance.4-6
The current standard of care for ankle fractures such
as those focused on in this study is to treat patients on an
outpatient basis.1 However, among the patients sampled at

Table 2. Demographics and chi-square calculated p-values for subjects with and without adverse events prior to obtaining terminal
(surgical) treatment for acute ankle injuries.

All n(%)

Patients with
adverse events
n (%)

Patients without
adverse events
n (%)

χ2 statistic

P-value

Odds ratio

Private

35 (18)

5 (15)*

29 (85)

0.000

.982

1.012

Medicare

24 (12)

6 (25)*

18 (75)

2.389

.122

2.212

Medicaid

31 (16)

4 (13)

27 (87)*

0.084

.772

1.182

Workers comp/
liability

21 (11)

2 (10)

19 (90)*

0.485

.486

1.704

Variable
Payer source

Self/no pay

8 (4)

2 (15)*

6 (75)

0.727

.394

2.012

74 (38)

9 (12)*

65 (88)

0.567

.452

1.386

Male

107 (55)

17 (16)*

89 (84)

0.402

.526

1.302

Female

86 (45)

11 (13)

75 (87)

White

88 (46)

12 (14)

76 (86)*

0.117

.732

1.152

Black

66 (34)

12 (18)*

54 (82)

1.045

.307

1.529

Hispanic

21 (11)

1 (5)

20 (95)*

1.826

.177

3.75

Other

17 (9)

3 (18)*

14 (82)

0.141

.708

1.285

Private home

176 (91)

24 (14)

151(86)*

1.520

.218

2.111

Nursing home

0

Other
Gender

Race

Residence

Homeless

10 (5)

2 (20)*

8 (80)

0.248

.618

1.499

Other

6 (3)

4 (67)*

2 (33)

1.748

.186

3.077

Yes

29 (15)

3 (10)

26 (90)*

0.493

.483

1.570

No

163 (85)

25 (15)

138 (85)

Yes

9 (5)

2 (22)*

7 (78)

0.442

.506

1.724

No

183 (95)

26 (14)

157 (86)

Yes

163 (84)

27 (17)

135 (83)*

3.613

.057

5.814

No

30 (16)

1 (3)

29 (97)

95 (49)

8 (9)

86 (91)*

5.452

.020**

2.755

ETOH intoxication

Drug intoxication

Isolated injury

Admitted hospital
Yes
No
Age

#

98 (51)

20 (20)

78 (80)

Mean (SD)

Mean (SD)

Mean (SD)

t-test statistic

P-value

43.77 (14.0)

44.57(11.8)

43.62 (14.4)

-.330

.742

Note: * Higher odds of event occurring, ** Statistically significant with p<.05, #indicates t-statistic.
ETOH, ethyl alcohol; SD, standard deviation.
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this facility, nearly half (49%) were admitted to the hospital
at the time of their initial ED visit. This is in stark contrast to
previously reported admission rates of 17% for ankle fractures
in Finland16 and 31% in Italy.17 Although this facility is a
major, inner-city, trauma center, 84% of patients had isolated
ankle injuries; thus, severity of illness does not readily explain
the high admission rate. Many patients were admitted for
observation following a dangerous mechanism of injury. Chart
abstraction was attempted to determine the cause of admission
for patients; however, in a majority of charts admission
decisions were not clear. This facility serves a high volume
of patients considered vulnerable; thus, healthcare providers
here may be more likely to admit patients for social reasons or
to prevent adverse events in comparison to other institutions.
Indeed, being admitted at the time of the ED visit was the only
statistically significant finding in this study, showing fewer
adverse events occurred when patients were directly admitted
from the ED.
This healthcare system and the orthopedic group that
ultimately makes admission decisions for these patients treat
a large number of low-income, racially diverse, and other
vulnerable patient populations. These healthcare providers
may proactively and aggressively treat these patients, thereby
decreasing the odds of the patients receiving disparate care. The
orthopedic clinic has also committed to following up with all
patients that present through the facilities’ EDs to assist patients
to get insurance coverage or hospital-based subsidy, or even
making the exception to provide surgery to those who cannot
pay. Anecdotally, patients frequently report that other local
facilities will not provide them surgical or follow-up services
due to their financial/insurance status, despite identifying that
their injury needs additional care.
This study also sampled a lower number of self-pay
patients than was expected. This study found only about 4%
were listed as self-pay compared to national database reports of
about 16% in 2010.18 This is likely because the institution has
a subsidy program. Patients who live within the same county
and qualify may obtain reduced or no-cost services despite a
lack of insurance. This subsidy program can be applied to ED
visits retroactively; thus, a large number of patients who would
be self-pay at other facilities were likely marked as “other
insurance” in this instance. The EHR does not allow users
to separate patients identified initially as self-pay from those
who had the subsidy applied after the ED visit. Despite this,
neither the remaining self-pay patients nor the “other” insurance
category, which includes the subsidy program patients, had a
statistically different rate of having adverse events.
Although not statistically significant, Medicare patients
had 2.389 increased odds of having an adverse event prior to
receiving surgical treatment. This may be a reflection of agerelated decreased ability to heal following injury, rather than
related to insurance coverage. Patients with an isolated injury
had 5.814 decreased odds of having an adverse event. Again,
although this finding is not statistically significant, it may
Volume 21, no. 5: September 2020

suggest that multitrauma patients may be at higher risk than
those with isolated ankle injuries.
Currently there is a widespread call to reduce healthcare
disparities.12-14 The findings of this study indicate that this
single hospital system may provide appropriate care for
vulnerable populations and may be meeting goals to minimize
healthcare disparity based on patient insurance status and
patient demographics.
LIMITATIONS
Examination of this data failed to support the primary
outcome that insurance status at a single facility correlated
with difficulty obtaining surgical correction of an unstable
ankle injury. While there were no significant differences,
type II error is always a possibility, especially with this
small sample size. This study was also limited in its ability
to generalize beyond this health system. Given that only a
single system was used for data collection in this study, along
with the unexpected rates of patients admitted to the hospital
from the ED and those with self-pay status, these results may
be difficult to extrapolate to any larger population. This may
be the result of efforts within this health system to decrease
disparity and may well be unlike many other facilities.
This was a retrospective chart review. Data in EHRs are
collected by healthcare providers as part of their routine care
for patients and are not collected with the methodological
rigor that researchers use in collecting data. Therefore, it must
be understood that the information gained from these records
may contain inaccuracies or information recorded in a way
that does not translate well into the research data-collection
procedure. Abstractors were trained prior to reviewing charts
and were updated if problems arose along the way (eg,
properly identifying patients as self-pay or those with hospitalsubsidized discount plans); they used standardized forms
with precise definitions, and were blinded to the purpose of
the study – all methods recommended to strengthen the chart
review process.19,20
The sample of 192 records did not meet the pre-study
power estimated need of 196. Including other facilities,
or using a national database may help to strengthen future
research in this area and provide for increased generalizability.
This study was limited in scope by examining only outcomes
prior to surgical intervention. Another question of concern to
patients would be adverse event occurrence until complete
healing of the injury. Factors such as surgical complications,
poor wound healing after surgery, hardware failure, and acute
or chronic pain are important patient-centered outcomes not
examined in this study. The research could also be expanded
to include other common, surgically treated fractures such as
upper extremity, vertebral, or hip fractures.
CONCLUSION
This retrospective chart review shows that patients
who present to one of two EDs within the same hospital
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system did not show differences in sustaining adverse events
prior to receiving surgical treatment based on insurance
status or demographic variables. This is not consistent
with other research and may indicate that this facility has
implemented progressive policies and procedures to decrease
health disparities among patients who fall into vulnerable
population categories.
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Introduction: While numerous studies have found emergency department (ED) lactate levels to be
associated with increased in-hospital mortality, little information is available on the role age plays in
this association. This study investigates whether age is a necessary variable to consider when using
lactate levels as a marker of prognosis and a guide for management decisions in the ED.
Methods: This was a retrospective cohort study in an urban, tertiary-care teaching hospital. A total
of 13,506 lactate levels were obtained over a 4.5-year period. All adult patients who had a lactate
level obtained by the treating provider in the ED were screened for inclusion. The main outcome
measure was in-hospital mortality using age-adjusted cohorts and expanded lactate thresholds with
secondary outcomes comparing mortality based on the primary clinical impression.
Results: Of the 8796 patients in this analysis, there were 474 (5.4%) deaths. Mortality rates
increased with both increasing lactate levels and increasing age. For all ages, mortality rates
increased from 2.8% in the less than 2.0 millimoles per liter (mmol/L) lactate level, to 5.6% in the 2.02.9 mmol/L lactate level, to 8.0% in the 3.0-3.9 mmol/L lactate level, to 13.9% in the 4.0-4.9 mmol/L
lactate level, to 13.7% in the 5.0-5.9 mmol/L lactate level, and to 39.1% in the 6.0 mmol/L or greater
lactate level (p <0.0001). Survivors, regardless of age, had a mean lactate level <2.0 whereas nonsurvivors had mean lactate levels of 6.5, 4.5, and 3.7 mmol/L for age cohorts 18-39, 40-64, and ≥ 65
years, respectively.
Conclusion: Our findings suggest that although lactate levels can be used as a prognostic tool to
risk stratify ED patients, the traditional lactate level thresholds may need to be adjusted to account
for varying risk based on age and clinical impressions. [West J Emerg Med. 2020;21(5)1249-1257.]

INTRODUCTION
Lactate has been studied as a marker of critical illness for
over a half century.1 Lactate levels can be used as a surrogate of
tissue hypoperfusion in critically ill patients presenting to the
emergency department (ED). Lactate production and metabolism
are critical to the ability of the body to respond to metabolic
stressors and varying shock states.2 However, lactate may also
be elevated due to varying conditions in the absence of tissue
hypoxia through a variety of mechanisms.3,4 Lactate levels can
Volume 21, no. 5: September 2020

readily be obtained and used to identify patients at high risk of
death, even prior to the development of hemodynamic instability.
Poor organ perfusion, if not reversed, ultimately leads to organ
dysfunction and failure, shock, and potentially death.
The use of lactate levels has been shown to be a predictor
of prognosis in diverse populations of critically ill patients
ranging from trauma to septic shock.5–10 In the last decade,
there has been increased use and evaluation of lactate in the ED
and these studies demonstrate that elevated lactate levels are
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associated with increased mortality.11–14 Prior studies have already
demonstrated the utility of lactate levels to predict mortality in
patients admitted to the hospital who presented from the ED with
infection11,15,16 and severe sepsis,17,18 as well as trauma.19
With an increasing focus on guidelines and quality
performance measures, initiatives such as the Surviving
Sepsis Campaign, the Centers for Medicare and Medicaid
Services (CMS) core measures, the Medicare Access and CHIP
Reauthorization Act of 2015 and the Merit Based Incentive
Payments System quality measures have all incorporated the
measurement of serum lactate levels into their most current
guidelines, likely contributing to the increasing the number of
lactate levels being ordered in the ED.20 Since the beginning of
early goal-directed therapy (EGDT) lactate levels have been
increasingly used as diagnostic, therapeutic, and prognostic
markers in ED patients.13,21 As there are numerous causes for
an elevated lactate, it is important for emergency physicians
to consider both sepsis and alternative diagnoses, because
the prognostic value of lactate can vary depending on the
underlying cause.22 While lactate has been shown to be sensitive
for occult sepsis, the current literature supports the notion that
while it is highly sensitive, it is not specific.23,35
Historically, the same lactate stratification levels have been
used regardless of patient age or disease state: low levels, <
2.0 millimoles per liter (mmol/L); intermediate levels, 2.0-3.9
mmol/L; and high levels, ≥ 4.0 mmol/L.2 Despite this cutoff of
≥ 4.0 mmol/L being used in models such as EGDT21 and CMS
criteria for septic shock,24 the intermediate lactate level has also
proven to be a high-risk group, as previously noted by Mikkelsen
and Howell.15,17 In addition to investigating expansion of lactate
threshold levels, adjusting these lactate thresholds for age may
also contribute to additional discrimination. Portal et al showed
that higher ED lactate values are associated with greater mortality
in adults over 65 years of age, with or without the presence of
infection.9 It has also been shown that there is a higher mortality
with increasing age in patients with lactic acidosis.9 Therefore,
in this study we hypothesized that older patients within the
same lactate threshold level would have higher mortality rates,
regardless of ED diagnosis. Finally, we hypothesized that
additional lactate groupings (six) would provide greater mortality
rate discrimination than the three traditionally used groupings for
“low,” “intermediate,”, and “high.”
Hence, the primary objective of this study was to examine
the combination of lactate level and age as predictors of mortality
in adult patients who had a lactate level drawn in the ED as part
of their initial work-up. Secondary objectives were 1) to compare
traditional vs expanded lactate thresholds as predictors of
mortality in three separate age cohorts; and 2) to identify the most
common ED clinical impressions associated with an elevated
lactate level.
METHODS
Study Design
This was a retrospective, observational, cohort study of adult
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Population Health Research Capsule
What do we already know about this issue?
Lactate levels are a predictor of mortality among
emergency department (ED) patients.
What was the research question?
This study investigates the effect of age across
lactate levels as a predictor of mortality in ED
patients.
What was the major finding of the study?
Increases in lactate or age, individually or in
combination, were significantly associated with
an increasing mortality risk.
How does this improve population health?
These results suggest that lactate levels and age
together can be used to guide clinical practice,
and traditional lactate thresholds may need to be
both expanded and adjusted for age.

patients (aged 18 years or older) who presented to the ED at an
urban, tertiary-care teaching hospital from October 2009– May
2013. The average annual census for the ED is approximately
60,000 visits. The patients included were identified via Epic
(Epic Systems, Verona, WI), the electronic health record for the
hospital. The study is reported in accordance to the STROBE
guidelines.25 It was reviewed by the institutional review board
(the University of Kansas Medical Center Human Subjects
Committee) and a waiver of informed consent was granted.
Adult patients (aged 18 years or older) who had a lactate
level drawn in the ED were included in the study. The ED in
which this study was performed obtained a lactate level on
individuals at the discretion of the emergency provider. At our
institution, a sepsis protocol has existed since 2005, based upon
recommendations from the Surviving Sepsis Campaign.26 This
protocol educated all emergency providers on practice patterns
and early recognition of sepsis, including the early obtainment
of lactate levels. However, it was ultimately up to the emergency
provider to determine whether or not a lactate level was
necessary, and often lactate levels were ordered for many reasons
other than suspected sepsis.2 Lactate levels were measured at
the bedside with the Abbott point-of-care I-STAT (43%) (Abbott
Laboratories, Chicago, IL), and in the hospital laboratory using
a Beckman Coulter instrument (57%) (Beckman Coulter, Inc.
Brea, CA). Bedside point-of-care lactate measurements have
been shown to have excellent correlation with lab-reported lactate
levels.27 We included only the first lactate level and clinical
impression obtained during any ED visit in the dataset, and for
individuals with multiple ED visits during the study period, only
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the first lactate level and clinical impression of the most recent
encounter was included. We excluded patients with a diagnosis
of seizure because associated high lactate levels carry a very low
mortality risk in that subset and prior lactate research studies have
excluded patients with seizures2,12 (Figure 1).
Transfer patients from outside hospitals are directly admitted
to in-patient services at our institution; thus, there were no
transfer patients included in this cohort. Demographics, including
age, gender, race, vital signs, and diagnosis codes were obtained
from the hospital discharge database and linked to lactate levels.
The diagnosis codes included for acute infection and acute organ
dysfunction, in Table 1 and 2, were defined by Angus et al in
2001.28 The primary outcome measure was in-hospital mortality,
defined as patients who were admitted and died during the same
encounter. Secondary outcome measures included hospital
admission and admission to the intensive care unit (Table 1).
Statistical Methods
We calculated descriptive statistics for age, lactate levels,
vital signs, admission rates, mortality rates, and diagnoses.
The patients were stratified into three age cohorts determined a
priori: 18-39 years; 40-64 years; and 65 years or older. Patients
were stratified into one of six lactate level cohorts that were also
determined a priori: less than 2.0 mmol/L; 2.0-2.9 mmol/L; 3.03.9 mmol/L; 4.0-4.9 mmol/L; 5.0-5.9 mmol/L; and 6.0 mmol/L

or greater. We performed analysis using SAS software version 9.3
(SAS Institute, Inc., Cary, NC). Chi-squared and Kruskal-Wallis
tests were performed to compare age cohorts, lactate levels, and
diagnoses to demographics, vital signs, and outcomes. We used
logistic regression to estimate mortality odds ratios. Logistic
models predicting mortality included either age groups (18-39,
40-64 and ≥ 65) or lactate level groupings (< 2, 2-2.9, 3-3.9,
4-4.9, 5-5.9, and ≥ 6), or a combination of both age and lactate
level groupings as predictors. Logistic model using < 2 lactate
level as the reference was stratified for each age group. Similarly,
logistic model using the 18-39 age group as the reference was
stratified for each lactate level grouping. We reported all results
using an alpha level of 0.05. When applicable, 95% confidence
intervals and standard error of the mean (SEM) were reported.
RESULTS
Lactate levels were obtained on 13,506 patients, or 6.17% of
the total patients seen in the ED over a 4.5-year period. Of these,
we excluded 4710: 18 had lab error lactate values; 213 were
younger than 18 years old; 4084 had multiple ED encounters;
and 395 had a diagnosis of seizure (Figure 1). Thus, a total of
8796 patients were included in our analysis. A total of 474 (5.4%)
in-hospital deaths occurred. Mortality rates generally increased
with increasing lactate level and age (Tables 1 and 2). As lactate
and/or age rose, patients were noted to have increased incidence

Figure 1. Study flowchart depicting the inclusion and exclusion criteria for ED patients with lactate levels.
ED, emergency department.
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Table 1. Population characteristics by lactate levels.
Initial lactate level (mmol/L)

Demographics

Clinical variables

<2
(N=5634)

2 - 2.9
(N=1802)

3 - 3.9
(N=659)

4 - 4.9
(N=296)

5 - 5.9
(N=139)

≥6
(N=266)

55, 54.3
(± 18.5)

57, 56.5
(± 18.0)

57, 56.8
(± 17.3)

56, 56
(± 18.0)

55, 54.6
(± 18.6)

57, 56.4
(± 17.7)

<0.0001*

Male, n (%)

2,256 (45.4)

932 (51.7)

365 (55.4)

157 (53.0)

84 (60.4)

156 (58.6)

<0.0001

White, n (%)

3,593 (63.8)

1147 (63.7)

423 (64.3)

186 (62.8)

76 (54.7)

148 (55.6)

0.02

Lactate, mmol/L
(median, mean ± SD)

1.3, 1.3
(± 0.4)

2.3, 2.4
(± 0.3)

3.4, 3.4
(± 0.3)

4.4, 4.4
(± 0.3)

5.3, 5.4
(± 0.3)

8.3, 9.4
(± 3.4)

<0.0001*

SBP, mmHg
(median, mean ± SD)

134, 135
(± 27)

132, 134
(± 29)

127, 130
(± 31)

125, 126
(± 31)

127, 126
(± 30)

121, 126
(± 36)

<0.0001*

Hypotensive
(SBP<90) , n (%)

171 (3.2)

82 (4.8)

47 (7.5)

33 (11.4)

14 (10.7)

33 (13.3)

<0.0001

Sepsis, n (%)

327 (5.8)

187 (10.4)

101 (15.3)

57 (19.3)

24 (17.3)

33 (12.4)

<0.0001

Severe sepsis, n (%)

141 (2.5)

123 (6.8)

65 (9.9)

45 (15.2)

20 (14.4)

29 (10.9)

<0.0001

Septic shock, n (%)

44 (0.8)

31 (1.7)

18 (2.7)

19 (6.4)

9 (6.5)

20 (7.5)

<0.0001

1,456 (25.8)

471 (26.1)

179 (27.2)

75 (25.3)

31 (22.3)

45 (16.9)

0.03

791 (14.0)

317 (17.6)

156 (23.7)

86 (29.1)

33 (23.7)

56 (21.1)

<0.0001

3,858 (68.5)

1,420 (78.8)

567 (86.0)

274 (92.6)

124 (89.2)

237 (89.1)

<0.0001

Admitted to ICU, n (%)

362 (6.4)

209 (11.6)

140 (21.2)

93 (31.4)

47 (33.8)

121 (45.5)

<0.0001

Mortality, n (%)

157 (2.8)

100 (5.6)

53 (8.0)

41 (13.9)

19 (13.7)

104 (39.1)

<0.0001

Age
(median, mean ± SD)

Acute infection, n (%)
Acute organ
dysfunction, n (%)
Outcome

Admitted, n (%)

P-value

*Based on Kruskal-Wallis (non-parametric) test.
SBP, Systolic Blood Pressure; ICU, Intensive Care Unit; mmol/L, millimoles per liter; mmHg, millimeters of mercury; SD, standard deviation.

Table 2. Population characteristics by age.
Age

Demographics

Clinical variables

Age (median, mean ± SD)

40 - 64
(N=4086)

≥ 65
(N=2778)

P-value

30, 29.4 (± 6.1)

53, 53.1 (± 6.7)

75, 76 (± 8.1)

<0.0001*

Male, n (%)

893 (46)

2,034 (50)

1,323 (48)

0.02

White, n (%)

1,055 (54.7)

2,621 (64.2)

1,897 (68.3)

<0.0001

Lactate, mmol/L (median, mean ± SD)

1.5, 2.0 (± 1.7)

1.6, 2.1 (± 1.7)

1.6, 2.1 (± 1.7)

<0.0001*

SBP, mmHg (median, mean ± SD)

131, 132 (± 24)

133, 134 (± 29)

133, 135 (± 30)

0.09*

Hypotensive (SBP<90) , n (%)

39 (2.1)

207 (5.3)

134 (5.1)

<0.0001

Sepsis, n (%)

97 (5.0)

345 (8.4)

287 (10.3)

<0.0001

Severe sepsis, n (%)

51 (2.6)

196 (4.8)

176 (6.3)

<0.0001

Septic Shock, n (%)

13 (0.7)

73 (1.8)

55 (2.0)

<0.001

418 (21.6)

1,002 (24.5)

834 (30.1)

<0.0001

Acute infection, n (%)
Acute organ dysfunction, n (%)
Outcome

18 - 39
(N=1932)

148 (7.7)

670 (16.4)

621 (22.4)

<0.0001

1,132 (58.6)

3,002 (73.5)

2,346 (84.5)

<0.0001

Admitted to ICU, n (%)

164 (8.5)

444 (10.9)

364 (13.1)

<0.0001

Mortality, n (%)

40 (2.1)

216 (5.3)

218 (7.9)

<0.0001

Admitted, n (%)

*Based on Kruskal-Wallis (non-parametric) test.
SBP, Systolic Blood Pressure; ICU, Intensive Care Unit; mmol/L, millimoles per liter; mmHg, millimeters of mercury; SD, standard deviation.
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of hypotension, septic shock, hospital admission, and ICU
admission (Tables 1 and 2, p <0.05).
Mortality generally increased within each age cohort
with increasing lactate levels (Figure 2, p <0.0001). Figure
2 shows that patients with mean lactate levels less than 2.0
mmol/L had relatively low mortality rates in each defined age
cohort: 0.7% in the 18-39 year old cohort; 2.7% in the 40-64
year old cohort; and 4.5% in the 65 years and older cohort,
respectively. Mortality rates were higher in each age cohort
in patients with lactate levels of 4.0 mmol/L–4.9 mmol/L:
8.2% in the 18-39 year old cohort; 12.6% in the 40-64 year
old cohort; and 19.0% in the 65 years and older cohort (Figure
2). Mortality rates continued to increase, and at 6.0 mmol/L

higher mortality rates were observed across all age cohorts:
28.3% in the 18-39 year old cohort; 41.2% in the 40-64 year
old cohort; and 41.6% in the 65 years and older cohort (Figure
2, all p values <0.0001).
For adults aged 18-39 years, a lactate level of 4.0 mmol/L
or higher was associated with a mortality of 5% or greater;
for adults aged 40-64 years, this threshold decreased to ≥ 3.0
mmol/L; for adults aged 65 years or older, a lactate level of ≥
2.0 mmol/L was associated with a 5% or greater mortality rate
(Figure 2, p <0.0001). Mean lactate levels were consistently
higher within each age cohort in non-survivors as compared to
survivors, and mean lactate levels in non-survivors decreased as
age increased (Figure 3, p <0.0001).

Figure 2. In-hospital mortality rate of ED patients by age and lactate level.
*The mortality and lactate association within each age group row is significant with a p <0.0001.
mmol/L, millimoles per liter; ED, emergency department.

Figure 3. ED mean lactate level of survivors and non-survivors.
mmol/L, millimoles per liter, ED, emergency department.
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Table 3. Top clinical impressions of lactate >2 mmol/L by frequency.
Clinical impression

Frequency

Lactate (Mean)

Age (Mean)

Admitted ICU (%)

Mortality (%)

Abdominal pain

264

2.8

51.9

6.1

3.0

Pneumonia

228

3.1

63.7

20.6

12.3

Respiratory distress

200

3.5

59.5

32.5

14.5

Sepsis

190

4.3

58.4

40.5

21.1

UTI

152

2.9

62.5

5.3

3.3

AMS

142

3.9

57.1

21.1

7.0

N/V/D

120

3.2

53.6

4.2

5.0

Fever

102

2.7

54.8

5.9

5.9

DKA

99

3.5

45.7

23.2

1.0

Dehydration

79

3.1

60.5

8.9

3.8

GI bleed

70

4.0

59.6

42.9

15.7

Cellulitis

68

2.8

50.6

4.4

4.4

Cardiac arrest

65

10.5

62.2

43.1

70.8

Liver failure

52

3.2

54.4

17.3

11.5

Infectious abdominal diseases

48

3.9

57.7

8.3

6.3

Alcohol intoxication

38

3.3

51.1

10.5

0.0

Substance abuse*
35
4.4
38.0
17.1
0.0
*Includes PCP, cocaine, and unknown ingestion.
ICU, intensive care unit; UTI, urinary tract infection; AMS, altered mental status; N/V/D, nausea/vomitting/diarrhea; DKA, diabetic ketoacidosis;
GI, gastrointestinal; mmol/L, millimoles per liter.

The mean lactate level of non-survivors was 6.5 mmol/L
(SEM = 0.98) in the 18-39 year-old cohort, 4.5 mmol/L (SEM
= 0.26) in the 40-64 year-old cohort, and 3.7 mmol/L (SEM =
0.24) in the 65 years or older cohort (p <0.0001). Mean lactate
levels of survivors appeared consistent across the three age
cohorts at approximately 2.0 mmol/L (SEM = 0.03, 0.02, 0.03,
respectively). Mean lactate levels were different both overall
and within the three age cohorts for gender (male vs female).
Overall, males had a mean lactate of 2.22 as compared to 1.95
for females (p <0.0001).
Logistic modeling showed that both age and lactate were
significant predictors of mortality. The odds ratios of mortality
showed the same trend as the raw mortality rates in Figure 2:
they generally increased with increasing lactate within each
age cohort and with increasing age within each lactate-level
cohort. When controlled for age, an increasing lactate level was
still significantly associated with the outcome of in-hospital
mortality (Appendix).
Outside of cardiac arrest, the primary clinical impressions
resulting in the highest lactate levels were substance abuse,
sepsis, and gastrointestinal (GI) bleed (Table 3). GI bleed had
the highest ICU admission rate at 42.9%, followed by sepsis
at 40.5%. While the most frequent clinical impression was
abdominal pain, it had the second lowest mortality rate behind
substance abuse and alcohol intoxication. Cardiac arrest had the
highest mortality rate but only a marginal ICU admission rate,
likely because patients were deceased prior to admission. Cardiac
arrest, sepsis, GI bleed, respiratory distress, and pneumonia had
Western Journal of Emergency Medicine

the highest mortality rates while diabetic ketoacidosis (DKA),
alcohol intoxication, and substance abuse were the clinical
impressions associated with the lowest mortality rates.
DISCUSSION
The use of lactate as a diagnostic indicator, prognostic
marker, and/or resuscitation endpoint in patients with various
disease states has been well described in the literature and has
become routine in ED clinical practice.11,15,23,29–35 However,
traditional lactate-level thresholds (low < 2.0 mmol/L;
intermediate 2.0 to 3.9 mmol/L; and high ≥ 4.0 mmol/L)
have been used to guide care without regard to patient age or
underlying disease state.11 Expansion of these lactate-level
thresholds and considerations of age and underlying disease states
may prove useful in risk stratification and management decisions.
In our study, patients 65 years of age or older with lactate
levels between 2.0-2.9 mmol/L had an in-hospital mortality
rate of 9.4%. The 40-64 year-old cohort had a similar mortality
rate (8.2%) with lactate levels between 3.0-3.9. The 18-39 year
old cohort did not have a similar mortality rate (>8.2%) until
their lactate levels exceeded 4.0 mmol/L, the level traditionally
considered as “high.” The similar prognosis seen in varying
lactate-level thresholds across age cohorts should raise caution in
applying a simple “one size fits all” threshold approach to using
lactate in clinical decisions.
It is important to address the individual and possible
combined effects that age and lactate have on mortality, and
what is driving and contributing to the increasing mortality rates

1254

Volume 21, no. 5: September 2020

Cannon et al.

Age-adjusted and Expanded Lactate Thresholds as Predictors of All-Cause Mortality in the ED

noted in Figure 2. In an effort to examine this more closely, we
used logistic regression modeling to evaluate the significance of
lactate on mortality, using lactate <2 and age 18-39 separately
and then combined as reference groups. Individually and within
the age cohorts of 18-39, 40-64, and ≥ 65, lactate was found
to be a significant predictor of mortality. Logistic regression
modeling output, as noted in the appendix, supports the primary
unadjusted findings of Figure 2. Either increases in lactate, age,
or both, when compared to their respective reference cohort
categorizations, does generally increase the odds of death.
Using lactate levels clinically in the ED patient is complex and
a provider should not be reassured by a seemingly “non-high
(i.e., 2-3.9 mmol/L)” lactate level. Our results suggest that both
variables, lactate and age, are important to consider in this patient
population when assessing risk.
The existing literature evaluating lactate as a risk
stratification tool for in-hospital mortality has predominantly
looked at patients with the diagnosis of sepsis or trauma,
raising the question of potential value of lactate use on the ED
patient.35,36 Our study is the first in a large population to show
that there is a clinically relevant difference in mortality across
both expanded lactate cohorts and age cohorts. A statistical
difference in lactate levels between genders was also noted;
however, this finding was beyond the scope of this paper and
could be explored in future research.
We observed a rise in mortality in each age cohort as
lactate levels increased except for the 5.0-5.9 mmol/L lactatelevel cohort, which actually had a slight decrease in mortality
compared to the 4.0-4.9 mmol/L cohort in our 18-39 year-old and
65 years and older patients. This may be due to the lower number
of patients (n = 139) in this lactate level cohort.
With the increasing number of lactate tests being ordered in
EDs, it has become more important than ever for the clinician
not to associate an elevated lactate solely with sepsis. It is well
known that there are numerous causes for an elevated lactate
and it is important to not narrow the differential diagnoses
prematurely.18,37 Clinicians also need to be aware of diagnoses
associated with high lactate levels but low mortality rates.
Similar to the findings in our study (Table 3), DKA patients
commonly present with elevated lactate levels and it has
been shown that lactic acidosis in DKA is not associated with
increased morbidity or mortality.38 Substance-abuse patients are
another example of those who can have elevated lactate levels
but low associated mortality rates, which was also consistent
with our study (Table 3).39,40
LIMITATIONS
This study, which analyzed a large number of patients
within a single hospital, has several limitations. This was a
retrospective analysis and carries the disadvantage of potential
selection bias. Similar to Porter et al,12 the exclusion of multiple
visits may overestimate the mortality rate; however, this avoids
oversampling. Data abstracted for this study was from years
2009–2013; there could be more variation in practice patterns
Volume 21, no. 5: September 2020

now. This study examined all patients with a lactate level
measured in the ED, at the discretion of the treating provider
and although protocols for sepsis screening are in place
institutionally, it is difficult to extrapolate, retrospectively, a
clinician’s rationale for deciding to order a lactate or not. Of
note, the dataset did not capture specific causes for lab error and
did not distinguish between arterial or venous samples; however,
prior research has observed a strong correlation between arterial
and venous concentrations.41
This data may not be generalizable to specific ED patients
with presumed or known conditions and may vary depending
on provider practice patterns and/or institutional guidelines. It is
important to recognize that certain clinical disease processes and
medications may also cause elevated lactate levels, and that a
decision based upon a lactate level needs to be taken into context
with the overall clinical picture. The clinical impressions used in
this study were made by the treating emergency provider after
the initial workup of the patient was completed, and there was no
attempt to determine the etiology of the lactate levels associated
with different clinical impressions and what effect the clinical
impression may have. We only attempted to analyze associations,
not causations. Additionally, patients may have had multiple
clinical impressions associated with their encounter; however,
only the primary clinical impression was ultimately included in
this study.
Not all conditions that are associated with an elevated
lactate level portend significant risk for mortality. We excluded
patients with a diagnosis of seizure because this is a common
ED presentation that is associated with an elevation of lactate
but confers a known low risk of mortality.2,12 There may be
other conditions associated with elevated lactate levels that also
carry low risk for mortality that we did not exclude; these lowrisk conditions have the potential to dilute the overall mortality
risk shown in our results. On the contrary, including conditions
such as cardiac arrest with an obvious high risk of death has the
potential to overestimate the overall mortality risk in this study.
Even if the included 65 patients with cardiac arrest (45 deaths)
were removed, overall mortality in the study would only have
dropped from 5.4% to 4.9%.
There may be significant differences in lactate prognostic
ability based upon gender and race that could be explored in
future research. Physiologic characteristics of lactate metabolism
and clearance, such as body mass index, diet, and medication
use, are confounding factors that could account for differences in
lactate level and prognostic ability that could not be controlled for
in this study.
CONCLUSION
This study suggests that the combination of increasing
lactate levels and/or age are associated with increasing inhospital mortality. Our findings suggest that lactate levels may
be used as a prognostic tool to help risk stratify ED patients.
These findings suggest that the traditional lactate level thresholds
currently used to guide clinical practice may need to be both
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expanded and adjusted for age. Clinicians need to be aware of
the many potential causes of lactate elevation as the clinical and
prognostic importance of an elevated lactate also varies widely
by disease state.
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Introduction: Emergency department thoracotomy (EDT) is a lifesaving procedure within the
scope of practice of emergency physicians. Because EDT is infrequently performed, emergency
medicine (EM) residents lack opportunities to develop procedural competency. There is no current
mastery learning curriculum for residents to learn EDT. The purpose of this study was to develop
and implement a simulation-based mastery learning curriculum to teach and assess EM residents’
performance of the EDT.
Methods: We developed an EDT curriculum using a mastery learning framework. The minimum passing
standard (MPS) for a previously developed 22-item checklist was determined using the Mastery Angoff
approach. EM residents at a four-year academic EM residency program underwent baseline testing in
performing an EDT on a simulation trainer. Performance was scored by two raters using the checklist.
Learners then participated in a novel mastery learning EDT curriculum that included an educational video,
hands-on instruction, and deliberate practice. After a three-month period, residents then completed initial
post testing. Residents who did not meet the minimum passing standard after post testing participated
in additional deliberate practice until mastery was obtained. Baseline and post-test scores, and time to
completion of the procedure were compared with paired t-tests.
Results: Of 56 eligible EM residents, 54 completed baseline testing. Fifty-two residents completed
post-testing until mastery was reached. The minimum passing standard was 91.1%, (21/22 items
correct on the checklist). No participants met the MPS at the baseline assessment. After completion
of the curriculum, all residents subsequently reached the MPS, with deliberate practice sessions not
exceeding 40 minutes. Scores from baseline testing to post-testing significantly improved across all
postgraduate years from a mean score of 10.2/22 to 21.4/22 (p <0.001). Mean time to complete the
procedure improved from baseline testing (6 minutes [min] and 21 seconds [sec], interquartile range
[IQR] = 4 min 54 sec - 7 min 51 sec) to post-testing (5 min 19 seconds, interquartile range 4 min 17sec
- 6 min 15 sec; p = 0.001).
Conclusion: This simulation-based mastery learning curriculum resulted in all residents performing an
EDT at a level that met or exceeded the MPS with an overall decrease in time needed to perform the
procedure. [West J Emerg Med. 2020;21(5)1258-1265.]
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INTRODUCTION
The emergency department thoracotomy (EDT) is
a rare, lifesaving procedure that is within the scope of
practice of emergency physicians.1,2 EDT is a complex
procedure that involves opening the thoracic cavity to
intervene on critical injuries to the heart and other thoracic
structures. Due to the infrequency of clinical exposure,
studies of emergency medicine (EM) residents suggest
minimal opportunities to develop procedural competency
in EDT.3-7 Despite the infrequent presentation, EM
residents must have adequate training to achieve the skills
required to competently perform this emergent procedure.
Unfortunately, there is a paucity of literature describing the
ideal teaching approach.
Early teaching modalities have included written and
computer modules to teach and assess trainees.8,9 However,
studies of these teaching modalities have concluded that
tactile performance is a necessary component of developing
procedural competency.8 Cadaveric or porcine models have
been explored for establishing proficiency; however, the
expense of the models and the need for repetitive deliberate
practice to ensure competency have made these modalities
cost-prohibitive for education on a widespread basis.3,5,7 Highfidelity simulation models are increasingly being employed to
allow for repetitive practice; however, no competency-based
curriculum currently exists for EDT.10-13
Mastery learning is a well-regarded, reliable, and
highly effective competency-based education approach
within health professions education. Its core tenants dictate
that trainees must achieve an a priori-defined level of high
proficiency in a given instructional unit with little to no
variation prior to proceeding to the next unit.14,15 Simulationbased mastery learning involves repetitive simulated
performance of the intended cognitive or psychomotor
skills coupled with rigorous personalized and informative
feedback, with the goal of achieving mastery of the subject.
This process entails establishing a minimum passing
standard (MPS), baseline testing of the target skills on
simulated models, deliberate practice of target skills, and
continued practice with further testing until the MPS is
reached.16-18 Simulation-based mastery learning has been
used in graduate medical education training to provide
procedural exposure in a safe environment, allow for
deliberate practice, and evaluate procedural competency.19-22
Simulation-based mastery learning has been found to be
superior to non-mastery instruction in procedural success
rates, procedure time, and complication rates.17,18
This study had several objectives. The first was to
develop and implement a simulation-based mastery learning
curriculum for EDT. Second was to establish a MPS for a
previously developed 22-item checklist for use in this mastery
curriculum.23 Third was to determine whether this mastery
learning curriculum could result in achievement of the MPS
by all participants. Fourth was to compare baseline and final
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Emergency department thoracotomy (EDT) is a
lifesaving procedure, but emergency medicine
(EM) residents lack opportunities to develop
procedural competency.
What was the research question?
Can a simulation-based mastery learning
curriculum on EDT improve resident
procedural skills?
What was the major finding of the study?
The simulation-based mastery learning
curriculum resulted in all residents performing
an EDT at mastery level.
How does this improve population health?
The simulation-based mastery learning
curriculum can be used for EM residents to
gain competency in this rare but life-saving
procedure.

post-test performance on checklist items and time to perform
an EDT in a simulated environment. Fifth was to determine
participant satisfaction with the curriculum.
METHODS
Study Setting and Population
This was a prospective cohort study of EM residents
participating in a mastery learning curriculum for EDT. The
study was conducted at a four-year academic EM residency
training program from July 2018–June 2019. All participants
were EM residents. Residents included postgraduate year
one (PGY1) to PGY4 levels. Four residents involved in the
study design, checklist creation, and session facilitation were
excluded from participation. Participants were informed about
the study and invited to participate voluntarily. This study was
reviewed by the institutional review board at Northwestern
University and deemed to be exempt.
Standard Setting
A MPS for the previously published checklist23 was
established by an expert panel using the mastery Angoff
method24. A panel of 17 physicians – 15 emergency physicians
and two trauma surgeons with experience performing and
teaching the procedure – were recruited to serve as judges for
the standard-setting process. Judges were asked to estimate the
percentage of well-prepared learners who would perform each
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checklist item correct at the completion of training. A “wellprepared” learner was defined as a resident who could safely
and successfully perform the procedure without supervision in
clinical practice. Judges completed an electronic form between
May–July 2018 using Qualtrics (Qualtrics LLC, Provo, UT).
Baseline Assessment
All 56 eligible PGY1-4 EM residents were invited
to participate in the curriculum. EM residents were asked
to quantify the number of EDTs performed in the clinical
environment and the simulated environment prior to baseline
assessment. During a three-month period, participants were
scheduled to complete a baseline assessment. A novel simulated
thoracotomy model created by Northwestern Simulation
was used in assessment and teaching (Figure 1). This model
featured realistic, three-dimensional printed anatomical
features including skin and subcutaneous tissue, ribs, lungs,
heart, pericardium, phrenic nerve, blood, aorta, esophagus,
and spine. In baseline testing, each resident was presented
with a clinical scenario of a patient with a penetrating trauma
who had just lost vital signs immediately prior to arrival to
the ED and was asked to perform an EDT on the simulated
model. Performance was recorded using the checklist and was
completed by two raters. A total of seven raters (four women,
three men) were trained for these sessions. All raters were EM
trained and included three EM faculty and four EM senior
residents (PGY3 or PGY4). Residents who participated as raters
were not included in mastery learning data outcomes. Sessions

were audio and video recorded and made available to the raters
if needed for review. Sessions were timed. Neither the raters nor
the participants knew the MPS.
Curriculum Intervention
In the subsequent three months after completion of the
baseline simulation assessments, residents participated in
educational sessions. Components of the curriculum included
a detailed instructional procedure video, individualized
instruction through skills stations, and deliberate practice
performing a simulated EDT with feedback. Learners did not
see or have access to the checklist throughout the curriculum.
An EDT procedural video was created specifically
for this curriculum by the Northwestern Simulation Lab
in conjunction with the Northwestern Innovations Lab
(Appendix 2). The educational video was created by a team
of emergency and trauma physicians and contained 11
sections: Overview; Indications; Contraindications; Anatomy;
Equipment; Preparation; Procedure; Troubleshooting;
Aftercare; Complications; and References. Learners were
assigned to watch the video individually prior to the practice
sessions. After watching the video, residents participated in a
20-minute, individual hands-on practice session. Of the seven
checklist raters, six (three women, three men) were trained
as facilitators for these sessions. The 20-minute sessions
were divided into three stations, relating to specific actions to
perform an EDT.
In the first station, the facilitator reviewed the instruments

Figure 1. Image of the thoracotomy simulation trainer, with views of the interior chest structures: A) heart with cardiac wound; B) incised
pericardium; C) inferior left lung; D) posterior ribs; E) esophagus; and (F) aorta.
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used in performing an EDT. This included both a review of
all instruments and practice with assembling the rib spreader.
The second station included identification of anatomic
structures on the simulated model, along with instruction on
the control of cardiac hemorrhage via Foley catheter insertion,
staple, or suturing with pledgets. The third station included
identification of the aorta and esophagus on the simulated
model, an explanation on how to identify each structure
respectively, and a demonstration of how to cross-clamp the
aorta. Trainees were then given the opportunity to practice
the entire EDT procedure with real-time feedback on their
performance and were allowed to come to additional sessions
for deliberate practice as desired. To accommodate resident
scheduling, the deliberate practice sessions occurred during a
three-month period from completion of baseline testing.
Post-testing
During a three-month period following completion of the
deliberate practice sessions, residents underwent initial posttesting. Each resident was asked to perform an EDT on the
simulated model. Performance was assessed using the same
checklist and was completed by two raters. Sessions were
video recorded and made available to the raters if needed for
review. The same seven raters for baseline testing completed
post-testing sessions. Residents who did not reach MPS at
initial post-testing returned for additional deliberate practice
at a later date. During the subsequent session, residents were
informed of missed or incorrect steps during their initial
assessment to direct their additional deliberate practice.
Any participant not meeting or exceeding MPS continued
with deliberate practice and testing until the MPS was met.
After achievement of mastery, residents completed a postcurriculum survey. The post-curriculum survey used a Likert
scale 1-5 for the estimation of self-efficacy in performing EDT
after the curriculum intervention and desirability of future
inclusion of the curriculum in residency training.
Statistical Analysis
We analyzed score differences on the baseline
performance and post-curriculum intervention using paired
t-tests, Stata version 14 (StataCorp LLC, College Station,
TX). Within-group differences for PGY1-4 from baseline
performance to post-testing were also analyzed using paired
t-tests. We analyzed time to completion of the procedure from
baseline testing to post-testing using paired t-tests. The precurriculum and post-curriculum surveys were analyzed using
central tendency metrics.
RESULTS
The minimum passing standard was calculated to be
91.1%. To meet or exceed this threshold, the learner needed
to perform 21 of 22 checklist items correctly. Of 56 eligible
residents, 54 completed baseline testing (Table 1). Two
residents were unable to complete baseline testing due to
Volume 21, no. 5: September 2020

Table 1. Demographic data of emergency medicine resident
participants in thoracotomy simulation training.
Characteristic

Residents (n = 54)

Male

36 (66.7%)

Female

18 (33.3%)

PGY1

15 (27.8%)

PGY2

15 (27.8%)

PGY3

14 (25.9%)

PGY4

10 (18.5%)

PGY, postgraduate year.

scheduling conflicts. Fifty-two residents completed posttesting until mastery was reached (Table 2). In pre-curriculum
survey data, 9.6% of participants had performed an EDT
in the clinical environment and 22.6% in the simulated
environment. No participants met the MPS at the baseline
assessment. After completion of the curriculum, all residents
subsequently reached the MPS (Figure 2).
Of the 52 residents who completed post-testing, 31
passed on initial post-curriculum testing with the remaining
21 achieving the MPS after additional deliberate practice
(Table 2). The amount of deliberate practice time did not
exceed 40 minutes. Comparison of mean scores from baseline
testing to final post-testing across all PGY years significantly
improved from average raw score of 10.2/22 (standard
deviation [SD] = 4.8), to 21.4/22 (SD = 0.6, t(52) = 16.7, p
<0.001). Comparison of the mean percentage of items correct
on the checklist from baseline to initial post-testing was also
significant (average raw score of 10.1/22, SD = 4.8 to 20.2/22,
SD = 1.7, t[52] = 15.5, p <0.001). Average time to complete
the procedure in baseline testing (M = 6 minutes [min] and 21
seconds [sec], interquartile range [IQR] = 4 min 54 sec - 7 min
51 sec) compared to final post-testing (M = 5 min 19 sec, IQR
= 4 min 17 sec - 6 min 15 sec) was significant (t [52] =3.4, p =
0.001).
Participants reported an improvement in confidence for
performing the procedure (median grade of 4 on 5-point Likert
scale). Participants reported the desire for this curriculum to
be included in the future curriculum for the residency (median
grade of 5 on 5-point Likert scale).
DISCUSSION
Our study demonstrates a simulated-based mastery
learning curriculum can effectively develop EDT skills in
EM residents. To our knowledge, this is the first mastery
learning curriculum to teach EDT. This curriculum adds
another procedure to the list where mastery learning can
function as an educational strategy to improve baseline
procedural skills in residents, as seen with other mastery
learning curricula, such as central venous cannulation,
lumbar puncture, and thoracentesis.19,21,22 The data obtained
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Figure 2. Baseline testing, post-testing, and additional post-testing scores of emergency medicine residents on the emergency department
thoracotomy procedural checklist with a line demarcating the minimum passing standard.

Table 2. Baseline testing, post-testing, and additional post-testing scores on a 22-item checklist of emergency medicine residents on
the procedure of emergency department thoracotomy.
Baseline testing
n=54

Post-testing

Mean
checklist
score out
of 22 (SD)

Number
met MPS
(n)

n=52

Mean
checklist
score out
of 22 (SD)

Additional post-testing
Number
met MPS
(n)

n=21

Mean
checklist
score out
of 22 (SD)

Number
met MPS
(n)

PGY1

15

7.3(3.9)

0

15

19.5(1.8)

5

10

21.5(0.5)

10

PGY2

15

8.2 (5.1)

0

15

20.5(2.2)

11

4

21.6(0.6)

4

PGY3

14

13.7(3.1)

0

14

20.2(1.5)

8

6

21.8 (0.4)

6

PGY4

10

13.4 (2.5)

0

8

20.9(0.6)

7

1

21 (-)

1

SD, standard deviation; MPS, minimum passing standard; PGY, postgraduate year.

during the baseline assessment, where no resident was
able to achieve the MPS, provides supporting evidence
that residents have limited experience and instruction on
this procedure and that current educational approaches
are insufficient to ensure graduating residents are able to
perform this critically important emergent procedure.
All residents who participated in the curriculum were
able to achieve the MPS within one or two 20-minute sessions
of deliberate practice. The mean score on the procedural
checklist after the curriculum intervention improved for all
PGY levels (p<0.001). Similar to other mastery learning
curricula, the outcomes demonstrate a uniform high
performance with minimal variability of performance. The
Western Journal of Emergency Medicine

average time to perform the procedure also improved by an
average of 62 sec (from 6 min 21 sec to 5 min 19 sec, p =
0.001). Considering that EDT is performed on patients in or
very near cardiac arrest, the improvement in time to perform
this procedure was an important outcome. The significant
improvement of scores from baseline to initial post-testing
also demonstrates that improvement in skills can be achieved,
although progression to ensure all participants meet mastery
standards requires additional deliberate practice. Our
analysis also shows that self-reported resident confidence in
performing an EDT after the curriculum intervention was high
(median 4 on 5-point Likert scale). These findings are similar
to previous findings of increased confidence in residents after
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mastery learning training in other procedures.19,21
Steps in baseline testing that were rarely performed
correctly included ensuring all instruments were present
(mean percent of residents performing correctly 9.3%);
maintaining sterility (22.2%); gathering equipment (29.6%);
controlling cardiac hemorrhage (29.6%); and cross-clamping
the aorta (29.6%). These results are similar to our previous
study in which a pilot group of general surgery and EM
residents and attendings performed an EDT on the simulation
trainer and were evaluated with the checklist; those who
had not performed an EDT in the clinical environment had
lower mean scores on ensuring all instruments were present,
maintaining sterility, and gathering equipment.23 In the pilot
study, those who had not performed an EDT in the clinical
environment also on average performed worse on all steps
involved in controlling cardiac hemorrhage from incising the
pericardium, to delivering the heart, to controlling hemorrhage
via Foley catheter, suture, or pledgets.
Mastery learning is an ideal educational strategy for
teaching EDT, as clinical experience alone is clearly not
sufficient for training. In addition, our data shows that
previous experience alone does not predict procedural
competency as none of these residents achieved MPS
in baseline testing. While previous studies have created
curricula to teach this procedure, none have been mastery
based. Bohnen et al created an EDT curriculum for surgical
residents.12 This pilot study included eight expert and six
novice surgeons performing an EDT on a simulation model.
While this study created a checklist, it focused on five broad
tasks for performing the procedure: 1) opening chest/rib
spreader utilization; (2) pericardiotomy/cardiac repair; (3)
open cardiac massage; (4) clamping aorta; and (5) control of
pulmonary hilum. Residents were evaluated using a surgical
assessment tool, the Objective Structured Assessment of
Technical Skills, which has not been validated in EM and
focuses on (1) surgical technique, (2) general skills, and (3)
global rating. This checklist and curriculum are not easily
translated to EM.
Our approach provides a more detailed checklist for
the procedure, and while initially designed with a focus
for EM residents, the checklist and curriculum could be
used by any learner who needs to learn how to perform
an EDT. Additionally, while two previous studies have
created curriculum to teach EDT, neither has assessed for
competence or mastery learning.12,13 Both have been small
pilot studies showing improvement in confidence performing
the procedure after a curriculum intervention but not mastery
of the procedure.
The video created by this curriculum is also an
additional resource for procedural teaching. Previous
research has shown that videos for procedural teaching
can be an effective modality for learning. For example,
a previous study by Saun et al demonstrated that a New
England Journal of Medicine video on the procedure of chest
Volume 21, no. 5: September 2020

tube insertion was as effective as a video-recorded didactic
for teaching the knowledge and technical skills for chest
tube insertion, with participants expressing high satisfaction
with the new modality.25 Current videos on the procedure of
EDT often have poor visualization of anatomic structures, or
often have limited instruction on when and how to perform
the procedure.26-28 The EDT video that we created for this
curriculum allows for proper visualization of the anatomic
components of the procedure. Additionally, this video
contains key instruction on indications, contraindications,
anatomy, equipment, troubleshooting, complications, and
aftercare, which, to our knowledge, current videos do not
fully encompass.
Arguments against mastery learning have often noted that
mastery learning compared to non-mastery learning requires
more time.17 The estimated time requirement for this program
included 18 four-hour sessions. This time was divided into five
days of baseline testing, eight days of deliberate practice, and
five days of post- testing. For those who did not meet MPS on
initial post-testing, an average of 20 of additional deliberate
practice and 10 minutes of retesting were required, with no
learner exceeding 40 minutes. While our curriculum included
individualized instruction for 20 minutes with a facilitator
leading a learner through three stations, the curriculum could
be altered to decrease time required of facilitators by grouping
residents during these stations. Additionally, during analysis
of the baseline assessment, we found several steps with
particularly low correct performance (ensuring all instruments
were present, maintaining sterility, gathering equipment,
controlling cardiac hemorrhage, and cross-clamping the
aorta). If residency programs have limited time and resources
to perform this mastery learning curriculum, these experiences
could guide resource allocation for practice sessions.
  
LIMITATIONS
This study was conducted at a large urban, academic
four-year EM residency program in the United States,
and thus may not be generalizable. This study also was
conducted at an institution with access to a simulated
model to provide this educational intervention to residents.
We did not assess for resident performance of EDT in a
patient care environment, and thus we cannot comment on
translation of skills into the clinical environment. Future
work could potentially use the checklist in a video-recorded
clinical environment to assess for competency. Additionally,
given this is a rare procedure with high mortality rates,
we were unable to assess patient-centered outcomes for
this educational intervention, including patient morbidity
and mortality. Furthermore, we were unable to determine
retention of this skill due to limitations of funding and
academic calendar scheduling. Ideally, we would have
completed retention assessment six months to one year
following achievement of mastery to inform whether
additional practice is needed to maintain skills necessary to
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perform an EDT to a mastery level. Finally, more studies are
needed to explore whether additional teaching modalities are
as effective in teaching this procedure.

Med. 1994;1(4):373-81.
4. Hayden SR and Panacek EA. Procedural competency in emergency
medicine: the current range of resident experience. Acad Emerg
Med. 1999;6(7):728-35.

CONCLUSION
In conclusion, this study demonstrates that a simulationbased, mastery learning curriculum improves performance
of residents in simulated EDT. This curriculum can be used
for residents to gain competency in this rare but life-saving
procedure.

5. Sanchez LD, DelaPena J, Kelly SP, et al. Procedure lab used
to improve confidence in the performance of rarely performed
procedures: Eur J Emerg Med. 2006;13(1):29-31.
6. Fitzgerald M, Tan G, Gruen R, et al. Emergency physician
credentialing for resuscitative thoracotomy for trauma. Emerg Med
Australas. 2010;22(4):332-6.
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Introduction: While patient throughput and emergency department (ED) length of stay (LOS) are
recognized as important metrics in the delivery of efficient care, they must be balanced with the
educational mission of academic centers. Prior studies examining the impact of learners on throughput
and LOS when staffing directly with attending physicians have yielded mixed results. Herein we sought
to examine the impact of a staffing model involving a supervisory resident “pre-attending” (PAT) on ED
throughput and LOS, as this model offers a valuable educational experience for residents, but may do so
at the expense of operational efficiency.
Methods: We retrospectively analyzed 26,702 unique patient encounters at a university-affiliated
community ED between July 1, 2017–January 1,2019. The experimental group was comprised of
patients seen primarily by midlevel providers, who staffed with a PAT, who subsequently staffed with an
attending physician. The control group was comprised of patients seen by midlevel providers and staffed
directly with attendings without a PAT. We used a parametric hazard model to analyze the effect of the
presence of a PAT on service time, controlling for potential confounders including timing of presentation
and patient demographics.
Results: The presence of a PAT is associated with a statistically significant increase in service time
of five minutes (p = 0.006). Holding other variables equal, predicted service time in the experimental
group was 173 minutes (95% confidence interval (CI), 171-176), while that for controls was 168
minutes (95% CI, 165-171).
Conclusion: The presence of a PAT is associated with a statistically significant increase in service time,
but the magnitude (five minutes) is likely operationally insignificant. The negligible increase in service
time is offset by the benefit to residents’ training. The results of this study may be helpful for residency
programs considering the addition of a PAT shift structure. [West J Emerg Med. 2020;21(5)1266-1269.]

INTRODUCTION
Patient throughput and emergency department (ED)
length of stay (LOS) are recognized as important metrics in
the delivery of efficient care in emergency medicine (EM).1
However, academic centers must balance expeditious care
delivery with the educational mission of training the next
generation of emergency physicians.2 Often, educational leaders
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must overcome operational resistance to learning initiatives
that may threaten clinical efficiency without sufficient data
to justify the implementation of their educational strategies.
This is particularly germane to discussions about teaching and
supervisory structures in the ED.
Prior studies have reported conflicting evidence on
the effect of learners on ED patient throughput. Bhat et al
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demonstrated that attending physicians’ patients per hour were
increased when working with a resident learner compared to
working alone, suggesting increased efficiency.3 Conversely,
several recent studies have reported positive correlations
between the presence of residents and ED LOS.4,5,6 However,
multiple additional studies have demonstrated that ED LOS is
unaffected by the presence of residents or medical students.7,8
The addition of a supervisory “pre-attending” role (PAT)
provides a unique and valuable educational experience for
residents late in their training and addresses the Accreditation
Council for Graduate Medical Education (ACGME) directive
to incorporate graduated responsibility into residency training.9
Under a standard patient care model, a patient is evaluated
by a resident or an advanced practice provider (APP), who
is supervised directly by an attending physician. With the
supervisory PAT model, a patient is evaluated by an APP, who
is supervised by a PAT resident, who is then supervised by
an attending physician.10 This provides senior residents the
opportunity to supervise care in a controlled setting that mimics
the environment in which they will practice upon graduation
from residency. In addition, this care delivery model is
recommended by the Society of Emergency Medicine Physician
Assistants and endorsed by the American College of Emergency
Physicians as a means of preparing residents to be leaders of
physician-APP teams in clinical practice.11
Our previous work in developing the PAT experience
using mastery learning principles suggests that resident
participants feel it is highly educationally valuable.12
However, the effect of this care delivery model on ED patient
throughput has not yet been examined. Given the staffing
model’s educational value, understanding how the presence
of a PAT affects patient throughput is critical for educators
in EM seeking to justify this implementation of a graduated
responsibility model for their trainees.
Including an additional provider in a patient’s evaluation
has the potential to increase ED LOS by adding another
individual who must interview and examine the patient, but
it could also expedite patient workups if the PAT is able to
provide attending-level oversight to APPs, essentially doubling
the “attending” coverage in the ED. We sought to determine the
effect of a supervisory resident PAT on the clinical efficiency
of a university-affiliated community ED. In addition, we
endeavored to quantify and qualify the educational value of the
PAT experience for resident physicians.
METHODS
Study Design
We conducted a retrospective observational study using
a dataset of consecutive patients from a single, universityaffiliated, community ED with approximately 18,000 visits
per year. Relevant variables were extracted from the electronic
health record (EHR) (Epic, Verona, WI) via data query. All
patients who presented from July 1, 2017–January 1, 2019,
during the days of the week and hours when the PAT may have
Volume 21, no. 5: September 2020

been working were included in the analysis. This study was
reviewed by the institutional review board and declared exempt.
Study Setting and Population
The study ED is covered by attending physicians
in 12-hour, single covered shifts from 7 am-7 pm. APPs
covered three shifts from 9 am-5 pm, 12 pm-9 pm, and 5 pm-2
am. Additionally, during weeks when a PAT resident was
scheduled, that resident would work from 9 am-7 pm Monday,
Tuesday, Wednesday and Friday. In this way, we abstracted
data on patients who presented from 9-5 on these days in our
analysis. The experimental group was comprised of patients
seen by APPs and attendings with a supervisory PAT resident.
These PAT supervisory residents were third-year EM residents
in a three-year academic EM residency program. The control
group consisted of those patients seen by APPs and attendings
without a PAT supervisory resident.
Measurements
Analysis was conducted on data abstracted from the EHR.
We determined PAT status by presence or absence of a PAT
assigned to the patient’s treatment team. Self-assignment to
the treatment team is a standard part of the PAT workflow for
all residents. The EHR records the time of patient rooming
as well as the time when the patient is dispositioned (as
determined by an order to admit, transfer, or discharge the
patient). LOS, our primary outcome, was calculated as the
difference between these two times. The following variables
were abstracted for each patient encounter: age; gender; hour
of day; day of week; and disposition. These variables were
preselected for analysis in advance based on both likelihood
of potentially affecting patient LOS and potential to vary
between PAT and non-PAT shifts.
Data Analysis
We used a parametric hazard model to examine the
association between the explanatory variables and the pickup
time. Analyses were conducted using Stata 14 (Stata Corp,
College Station, TX). We analyzed LOS as a time-to-event
outcome using a parametric proportional hazard model.13
This model assumes an underlying functional form of the
duration distribution and then estimates the multiplicative
or proportional effect of each explanatory variable on
the underlying distribution.14 We tested six underlying
distributions (exponential, Weibull, gompertz, lognormal,
log logistic, and generalized gamma), and while the results
were qualitatively similar between the models we found the
gamma distribution provided the best model fit based on both
Akaike and Bayesian information criteria.15 All model results
presented are based on the gamma distribution model.
RESULTS
We analyzed a total of 26,702 patient encounters that
occurred within the specified date range. Of these encounters,
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two were dropped for missing data (no roomed time), 328
were dropped based on nonstandard disposition (ie, discharge
against medical advice; left without being seen), and a
further 18,424 were removed due to taking place on nights
or weekends when a PAT is never scheduled. The remaining
7948 encounters were divided into PAT and non-PAT. Control
variables are displayed by PAT status in the Table.
For the 4527 PAT encounters, the unadjusted mean LOS
was 190 minutes (95% confidence interval [CI], 187-193). For
the 3421 non-PAT encounters, the unadjusted LOS was 180
minutes (95% CI, 177-183). In the parametric hazard model,
presence of a PAT was significantly associated with a marginal
LOS increase of five minutes: the adjusted mean LOS for
PAT encounters was 173 minutes (95% CI, 171-176) and the
adjusted mean LOS for non-PAT encounters was 168 minutes
(95% CI, 165-171; Table).
DISCUSSION
Our study demonstrated that resident PATs supervising
APPs do have a small but significant effect on time to
disposition for patients in the ED. With all EM residency
programs balancing the dual mandate of resident education and
care for patients, this data can be helpful as programs consider
whether and how to implement supervising resident roles.
While it may seem intuitively obvious that requiring an
additional physician to evaluate each ED patient adds to the
LOS, this is not necessarily the case. Previous studies have
shown that consultant evaluation, imaging and laboratory tests
are some of the most significant factors impacting time in
the ED.16 If the PAT had been seeing patients while he or she
was waiting for these tests, it is possible that we would have
seen no effect on ED LOS. The effect of supervising residents
would also likely be washed out in clinical environments with
long wait times. As this study was conducted in a community
ED with virtually no wait times and a relatively high
percentage of simple complaints like ear infections, this likely
was a contributing factor to our findings. However, while the
increased LOS we found was statistically significant, it is not
clear whether this was operationally important, as it represents
only a 3% increase over the average LOS for encounters that
do not involve the PAT. Further, previous operations literature

on ED LOS has described an improvement of 11 minutes as
“modest,” suggesting that effects on ED crowding are likely to
be minimal.17
The ACGME requires all residencies to implement graduated
responsibility; trainees cannot simply see a greater number of
patients as they progress in training but must be entrusted with
more roles and tasks as they progress.9 While a PAT role is only
one way of addressing this mandate, this role has high appeal to
both residents and teaching faculty because it mimics as closely
as possible the experience nearly all graduates will have when
they leave residency and first become an attending: supervising
APPs, residents, or medical students. In our previously published
work in developing a mastery learning curriculum for the
PAT role, we reported that 75% of participating residents felt
more prepared to function as an attending because of their PAT
experience, while 66% agreed that they learned things in the
PAT role that they would not have otherwise. The majority of
participants also reported that the feedback they received in the
PAT role helped them to improve as physicians and aided in their
ability to secure a job after completion of residency12 (Appendix
A). Anecdotally, many residents identified the PAT experience
as “highly valuable” in comments from their semi-annual
evaluations and consistently highlight the role as one of our
program’s greatest strengths on our Annual Program Evaluation
survey. “A great improvement to third year,” wrote one graduate.
“It was an eye opening experience staffing the APPs, and I was
asked about it at every single one of my job interviews.”
In addition to added educational value, the PAT role can
assist educational leaders in the realm of resident assessment.
The Emergency Medicine Milestones set out a variety of
competencies in which programs are required to assess residents’
progress; a PAT role can allow the assessment of skills such as
task switching and multitasking in a closely supervised setting.18
LIMITATIONS
This was a retrospective, single-center study that occurred
at a community ED (although affiliated with an academic
site), where APPs and students were supervised by the
PAT. Conclusions may not be generalizable to an academic
setting where the supervising resident would supervise
junior residents. It is possible that other variables, such as

Table. Patient demographics and mean length of stay for control (non-pre-attending encounters) and experimental (pre-attending encounters)
groups.
Pre-attending encounters
N = 4,527 (95% CI)

Non-pre-attending encounters
N = 3,421 (95% CI)

Age

47.7(47.1-48.4)

45.8(45.0-46.5)

Female gender

57.8(56.3-59.2)

54.4(52.7-56.0)

Proportion discharged

78.4(77.2-79.5)

80.5(79.1-81.8)

Unadjusted LOS (min)

190 (187-193)

180(177-183)

Adjusted LOS (min)

173 (171-176)

168(165-171)

CI, confidence interval; PAT, pre-attending; LOS, length of stay; min, minutes.
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increasing patient volumes over time, may have contributed
to our findings. This study focused on LOS as a measure of
quality of care and did not assess other patient care outcomes
that may be affected by differing staffing structures, such
as relative value units, number of tests ordered, or number
of return visits. Importantly, this study did not rigorously
assess objective learning outcomes associated with the PAT
model of care delivery, such as the achievement of ACGME
Milestone benchmarks, nor did it systematically evaluate
APP satisfaction with this model. These both represent ideal
outcome measures for future studies.

3. Bhat R, Dubin J, Maloy K. Impact of learners on emergency medicine
attending physician productivity. West J Emerg Med. 2014;15(1):41-4.
4. Lammers RL, Roiger M, Rice L, et al. The effect of a new emergency
medicine residency program on patient length of stay in a community
hospital emergency department. Acad Emerg Med. 2013;10(7):725-30.
5. James C, Harper M, Johnston P, et al. Effect of trainees on length
of stay in the pediatric emergency department. Acad Emerg Med.
2009;16(9):859-65.
6. French, D, Zwemer FL, Schneider S. The effects of the absence
of emergency medicine residents in an academic emergency
department. Acad Emerg Med. 2002;9(11):1205-10.

CONCLUSION
The presence of a “pre-attending” is associated with an
increase in time to disposition of 5 minutes. The downsides of
this 3% increase in time to disposition are likely outweighed
by the significant benefits to residents’ training, which,
although subjectively significant, could be assessed by more
objective measures in future studies. The results of this study
may serve as critical justification for residency programs
seeking to implement a graduated supervisory structure in the
face of concerns about adverse effects on patient throughput
and operational efficiency.
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Introduction: This study evaluates the feasibility of using a volunteer research associate (RA)
to administer two separate health literacy assessment tools in the emergency department (ED),
specifically in an older population of patients. The outcomes measured were administration time and
interruptions.
Methods: Using a prospective, cross-sectional study with a convenience sample, adult patients over
the age of 55 presenting between June–August 2018 to one urban, academic ED were evaluated by
a volunteer RA using either the Newest Vital Sign (NVS) or the Short Assessment of Health Literacy
(SAHL). All patients 55 years of age or older who consented to participate were included. We excluded
from this study the following: patients with dementia or other disability involving reading, speech, or
cognitive function, as noted in their medical record or by their attending physician; prisoners; and those
subjectively deemed in extremis or too ill to participate by their attending physician.
Results: Health literacy was assessed in 202 patients using either the NVS or SAHL. Mean time
of administration was 214.0 seconds for the NVS, and 206.8 for the SAHL. The maximum time of
administration for the NVS was 563 seconds, compared to 607 seconds for the SAHL. We found that
95.2% of NVS and 93.9% of SAHL tests incurred no interruptions during administration.
Conclusion: No significant difference was found between the length of time needed to administer the
NVS or SAHL to older patients in the ED. Both tools averaged an administration time of around three to
four minutes, and neither incurred regular interruptions to its administration by a volunteer RA. Further
study is needed to assess validity of these tools in an ED setting. [West J Emerg Med. 2020;21(5)12701274.]

INTRODUCTION
In their extensive 2004 report, the Institute of Medicine
defined health literacy as “the degree to which individuals
can obtain, process, and understand the basic health
information and services they need to make appropriate
health decisions.”1 As healthcare systems change, patients
frequently remain responsible for adhering to treatment
Western Journal of Emergency Medicine

protocols and seeking proper follow-up. Adequate health
literacy is key to achieving proper compliance to medication
use and has been shown to improve healthcare outcomes.2,3
Health literacy is complex, and often described as consisting
of a variety of components, including literacy and numeracy.
The term “literacy” is used to explain aspects of language
involving reading, writing, speaking, or listening, while
1270
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“numeracy” refers to quantitative aspects of health literacy,
including basic mathematical operations.1 Issues of health
literacy may be further complicated by language barriers
or other barriers to communication. For these reasons the
American Medical Association has encouraged continued
research in health literacy.4,5
Among the variety of healthcare settings, the emergency
department (ED) is a focal point of health literacy research.
The 2003 National Assessment of Adult Literacy estimated
that around 36% of adults had basic or below basic health
literacy levels.4 A review of ED patients showed that low
health literacy may be present in up to 40% of patients.3
Care in the ED involves rapid decision-making and swift
communication between providers and their patients. Low
health literacy in the ED has been associated with worse
healthcare outcomes and increased recidivism.3,6
One challenge of assessing health literacy in the ED is
doing so effectively and efficiently. The ideal health literacy
assessment tool for an ED is one that is easily understood by
both the patient and those who may administer it (including
volunteers, technicians, nurses, physician assistants, and
physicians), takes little time to administer, is well studied,
validated, and considers various demographic factors
such as age or language spoken. Various tools have been
developed, but many are primarily for or only available to
English-speaking patients.7,8 Common assessment tools used
for both English and Spanish speakers include the Newest
Vital Sign (NVS) and Short Assessment of Health Literacy
(SAHL).6, 9,10 Due to their relative ease of use, short time to
administer, and availability in both English and Spanish,
these tools are good prototypes for use in the ED and should
be further evaluated. While these tools have been found to
be effective in their ability to assess health literacy, concern
has been raised about their efficiency, as well as their utility
in measuring health literacy among the elderly.11 Therefore,
further investigation is needed to determine the feasibility of
administering the NVS and SAHL in this particular segment
of the population in the ED.
The purpose of this study was to determine the extent
to which these two health literacy assessment tools (the
NVS and SAHL) can feasibly be performed by a volunteer
research associate (RA) to assess health literacy of older
ED patients. This study included both English and Spanish
speakers to analyze the performance of these tools in a
diverse patient population.
METHODS
Study Design and Population
This was a prospective, convenience sampling, crosssectional study. The 2017 American Community Survey
estimates 49.3% of the population of the study location speaks
Spanish.12 Verbal consent was obtained from all patients. This
study was conducted at an urban, academic adult ED with
approximately 80,000 total annual visits. Patient recruitment
Volume 21, no. 5: September 2020

Population Health Research Capsule
What do we already know about this issue?
Low health literacy has been associated
with worse health outcomes and increased
recidivism in the emergency department (ED).
Up to 40% of ED patients may have low health
literacy.
What was the research question?
Can a volunteer research associate (RA)
feasibly administer health literacy assessments
to older patients in the ED?
What was the major finding of the study?
Administration of a health literacy tool by a
volunteer associate takes 3-4 minutes, and is
not regularly interrupted.
How does this improve population health?
Regular assessment of patient health literacy
in the ED is feasible, and may be best achieved
with the help of volunteer RAs.

occurred between 9 am and 5 pm, primarily on weekdays based
on availability of a medical student acting as a volunteer RA.
No direct recruitment of volunteer RAs occurred during this
study. In preparation for this study, the RA had extensively
reviewed and helped prepare the administration tools, a
process that took no more than three hours, and practiced with
colleagues before administering to patients.
Patients enrolled were identified by the RA as being
55 years of age or older by electronic health record review
and spoke English or Spanish. Exclusion criteria were as
follows: patients 90 years of age or older; any patient deemed
to be under significant distress by their attending physician;
prisoners; and patients who had an altered mental status
for any reason. Patients were also excluded if their primary
language was not English or Spanish. Patients 90 years of
age and older were excluded in order to maintain institutional
review board (IRB) compliance and avoid collection of
protected health information along given the demographic
data being collected. IRB approval was obtained from the IRB
board of Rutgers University.
Protocol
Upon identifying a patient eligible for participation in
this study, the RA approached the care provider most closely
associated with the patient (either a physician assistant or
physician) to ask about enrolling the patient. The care provider
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identified whether the patient met any exclusion criteria
(critical illness, physical distress, or alteration of mental status,
dementia, or other disability involving reading, speech, or
cognitive function). If the patient was deemed eligible by the
physician assistant (PA) or physician caring for the patient, the
RA then administered the assessment during the patient’s ED
visit. Data collection did not interfere with patient care. All
staff in the ED were made aware of this study and encouraged
to interrupt assessments or research activity if patient care
was required. Results of the health literacy assessment were
not reported to any physician and PA caring for the patient.
Despite the limited hours of potential enrollment, it is believed
that nearly every patient meeting potential inclusion criterion
was identified and screened during these times, although we
collected no data explicitly examining percentage of eligible
patients recruited.
Each encounter with an enrolled patient consisted of a
survey of demographic information and an assessment of their
health literacy using one of the standardized aforementioned
tools (either the SAHL or NVS). A computerized, randomnumber generator, with 1 representing the NVS and 2
representing the SAHL, was used to randomly assign which
tool would be administered to each patient. The survey was
conducted in the patient’s preferred language. To standardize
the experience for each patient, the RA attempted to minimize
questions from patients about the test; however, this may have
led to concerns in patient’s understandings of the test material.
To assess the efficiency of each survey, we recorded the time
elapsed to administer them, and the frequency of interruptions.
Family or friends visiting the patient were advised not to assist
the patient during the survey and health literacy test.
Screening Tools and Outcomes
The health literacy screening tools used included the
SAHL10 and NVS,11 both of which were previously validated
by comparison to the Test of Functional Health Literacy in
Adults (TOFHLA), the most frequently used tool across
outpatient settings. The TOFHLA is widely regarded as
one of the most validated of all health literacy assessments.
Both initial validation studies for these tools took place in
outpatient, primary care settings.10,11
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Table 1. Demographic data of patients administered survey tools
to assess health literacy.
Demographic
Total number administered
Mean age of patients

NVS

SAHL

104

98

68.1

69.2

Spanish forms administered (%)

27 (26%)

24 (24.5%)

Number of female patients (%)

53 (51%)

51 (52%)

Number with 4-year degree or
higher education (%)

24 (23.1%)

33 (33.7%)

NVS, newest vital sign; SAHL, short assessment of health literacy.

Table 2. Summary statistics for seconds to complete and time of
interruptions for NVS and SAHL health literacy tools.
Time

Data Analysis
Distributions of age, number of seconds of interruptions,
and time taken were investigated using histograms and means.
Frequencies were reported for the distribution of categorical
variables. We compared significance in time of administration
differences between scoring groups using t-tests.
RESULTS
Of 202 patients enrolled in this study, 104 patients were
randomly assigned to and administered the NVS while 98 were
randomly assigned to and administered the SAHL. Table 1
demonstrates demographic data of each study group. The mean

age of patients who took the NVS was 68.1 years. The mean
age of patients who took the SAHL was 69.2 years. Spanish
speakers represented 19.2% of those administered the NVS, and
16.3% of those administered the SAHL.
Table 2 includes all data associated with time of
administration and interruptions to administration. The NVS
averaged a mean time of administration of 214.0 seconds (3.57
minutes), while the SAHL averaged a mean time of 206.8
seconds (3.45 minutes). There was no significant difference
in time of administration between the NVS and SAHL (t =
0.6379, p = 0.5242). The longest time needed to administer
the NVS was 563 seconds (9.38 minutes), compared to 607
seconds (10.1 minutes) for the SAHL; 95.2% of all NVS tests
and 93.9% of all SAHL tests incurred no interruptions during
administration. For both the NVS and SAHL, interruptions
lasted a mean of approximately five seconds (5.54 for NVS,
and 4.96 for SAHL).

NVS

SAHL

Mean TOA

214.0
seconds

206.8
seconds

SD of TOA

75.97

84.4

Min TOA

106.0
seconds

106.0
seconds

Max TOA

563.0
seconds

607.0

199.2-288.8
seconds

189.9-223.7
seconds

95.2%

93.9%

5.54
seconds

4.96
seconds

CI for mean
Percentage of tests
with no interruption
Mean time of
interruptions per
administration

p = 0.5242

NVS, newest vital sign; SAHL, short assessment of health literacy;
TOA, time of administration; SD, standard deviation; CI, confidence
interval.
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DISCUSSION
Concern continues to grow that health literacy issues
may be an epidemic affecting health outcomes and healthcare
costs.3,13-16 Low health literacy can impact a variety of issues in
healthcare including patient decision-making and understanding
discharge instructions.17 The best way to address these issues
remains a serious discussion for healthcare providers and
administrators, and a consistent means of measuring and
analyzing patient health literacy is needed. Research interests
regarding the use of health literacy tools in the ED has grown,
but these studies may not adequately represent older adults, a
population of obvious importance in the acute care setting.7,11
Ideally, a tool for evaluating the health literacy of older adults in
the ED should be simple, efficient, and accessible to a diverse
patient population. Having an awareness of a patient’s health
literacy, or lack thereof, allows physicians, PAs, nurses, and
all care providers to identify those who may need additional
support with regard to decision-making and follow-up care.
Few studies have evaluated the feasibility or efficiency of
implementing health literacy tools within the ED. Carpenter
et al examined feasibility of health literacy tools in the ED,
but focused on the NVS, Rapid Assessment of Adult Literacy
in Medicine (REALM), and the short version of TOFHLA
tests among average-aged, English-speaking patients.8 Our
study focused primarily on the health literacy of older patients,
including both English and Spanish speakers, as well as use
of a volunteer associate in administration of health literacy
tools. Other studies of health literacy assessments in the
ED have not exclusively featured an older population, and
many have not used both English- and Spanish-speaking
patient populations.8,11,13,18 In addition, our sample population
represented diversity in level of education, which may be a
more accurate depiction of ED patients.
Given the complex, busy environment of ED care, health
literacy tools are unlikely to be part of routine assessment
by physicians, PAs, and other providers. Therefore, efficient,
reliable tools may need to be performed by other support staff,
with ED volunteers representing a potentially useful group
to provide this role. This study demonstrates that use of a
volunteer in the ED setting could allow for rapid assessment of
health literacy of older patients. This information could prove
useful for physicians and ED staff in their decision-making and
communication with patients given health literacy’s impact on
patient outcomes and recidivism.3,6,17
Both the SAHL and NVS are common tools for assessment
of health literacy and show similar ease of use with regard
to time of administration for older patients. Neither test was
lengthy enough to incur significant interruptions, an important
consideration concerning the environment of an ED. A lack of
interruptions, despite encouragement of ED staff to interrupt
testing for patient care, implies that administration of these tools
by volunteer staff is unlikely to impede patient care. Although
not actively measured, the physicians and PA involved with this
study noted no impact in their ability to provide care because
Volume 21, no. 5: September 2020

of these assessments. Both tests averaged a time between three
and four minutes to administer, an implication that both have
similar efficiency in an ED setting. Times of greater length
could make either test inappropriate in the care of patients in
the ED setting, as it would discourage routine assessment of
health literacy, even by a volunteer or staff member not directly
providing care. Of note, the longest administration time for
both tests was approximately 10 minutes in length. In many
EDs, 10 minutes is likely to be too lengthy for a health literacy
assessment. This could reflect the need for a cutoff point among
health literacy assessments in the ED – an area for future study
or consideration in development of new tools.
Defining the most efficient and clinically useful health
literacy assessment tool remains an issue of importance to
improving patient care.7 This study emphasizes the feasibility
of these two assessments, the NVS and SAHL, in the ED
setting, as well as administration of these tools by a volunteer
RA. However, ease of use is only one important criterion for
an appropriate health literacy tool. Future study in this area
will need to emphasize validity of these tools in this setting,
and among specific patient populations such as the elderly or
Spanish-speaking patients. Further development may be needed
to generate tools that will maximize efficiency for this setting,
while retaining high sensitivity and specificity for adequate
health literacy. Finally, the success of a volunteer administering
tests in this limited setting presents a possibility for similar
roles for medical students and volunteers in the ED setting.
Additional development of programs such as this could involve
these volunteers to help gather important information on social
determinants of health to better patient care.
LIMITATIONS
Despite random assignments, selection bias was possible
given our exclusion criteria. This study focused on older
patients at a single center and excluded several groups
frequently seen in the ED population. The most apparent of
these are individuals who were deemed too critically ill to be
interviewed. The determination of when a patient was “critically
ill” was made by a patient’s physician or PA on a case-by-case
basis, introducing the possibility that certain patient populations
were improperly excluded. In addition, the study excluded
individuals with dementia or other neurologic disability. If more
individuals with unknown or unreported cognitive decline or
dementia were more prevalent in receiving a certain tool, it
could introduce bias that interferes with the scores or time taken
to administer that tool. Sampling occurred via convenience
sampling. While this carries some risk of selection bias, it is the
most efficient method for studies based in the ED.
Enrollment was restricted to a limited period based on
the availability of a volunteer, and did not include all hours
in which patients meeting inclusion criteria would present to
the ED. The percentage of patients meeting criteria who were
evaluated for potential enrollment was not assessed. No direct
measures were used by research staff to determine ongoing
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testing quality apart from initial training. Nor were any ED
staff objectively surveyed regarding their views about how
administration of tests in this study impacted care in the ED.
While discouraged from contributing, visitors with the patient
could have influenced patient responses. In addition, only a
single RA was available to administer the health literacy tools,
increasing the possibility to bias administration of the tools.
This RA speaks Spanish, but was not certified as a medical
interpreter in Spanish at the time of data collection, which
may raise concern about patient understanding of instructions
and tools. However, instructions given in Spanish are directly
provided by the NVS and SAHL tools for the possibility of
use by non-fluent personnel, and overall instructions about this
study were written by a certified medical interpreter.
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Introduction: Few emergency department (ED)-specific fall-risk screening tools exist. The goals of
this study were to externally validate Tiedemann et al’s two-item, ED-specific fall screening tool and
test handgrip strength to determine their ability to predict future falls. We hypothesized that both the
two-item fall screening and handgrip strength would identify older adults at increased risk of falling.
Methods: A convenience sample of patients ages 65 and older presenting to a single-center
academic ED were enrolled. Patients were asked screening questions and had their handgrip
strength measured during their ED visit. Patients were given one point if they answered “yes” to “Are
you taking six or more medications?” and two points for answering “yes” to “Have you had two or
more falls in the past year?” to give a cumulative score from 0 to 3. Participants had monthly followups, via postcard questionnaires, for six months after their ED visit. We performed sensitivity and
specificity analyses, and used likelihood ratios and frequencies to assess the relationship between
risk factors and falls, fall-related injury, and death.
Results: In this study, 247 participants were enrolled with 143 participants completing follow-up
(58%). During the six-month follow-up period, 34% of participants had at least one fall and 30
patients died (12.1%). Fall rates for individual Tiedemann scores were 14.3%, 33.3%, 60.0% and
72.2% for scores of 0,1, 2 and 3, respectively. Low handgrip strength was associated with a higher
proportion of falls (46.3%), but had poor sensitivity (52.1%).
Conclusion: Handgrip strength was not sensitive in screening older adults for future falls. The
Tiedemann rule differentiated older adults who were at high risk for future falls from low risk
individuals, and can be considered by EDs wanting to screen older adults for future fall risk. [West J
Emerg Med. 2020;21(5)1275-1282.]

INTRODUCTION
Background
Falls are the leading cause of traumatic mortality in older
adults.1,2 Nearly three million older adults are seen annually
in United States emergency departments (ED) for falls.3 Each
year 33% of community-dwelling adults over the age of 65

Volume 21, no. 5: September 2020

experience a standing level fall.4 Of patients admitted to the
hospital with a ground level fall, 44% are readmitted and 33%
die within one year.5-7 Those who present to the ED with fallrelated injuries and are discharged have higher rates of future
falls, functional decline, and additional ED visit within three
months than other older adults.8,9
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Goals
A recent review looked at thresholds both for testing
individuals for fall risk and treating with fall prevention
therapies.10 The authors concluded that individuals having
a 27% risk of falling in the next six months should receive
fall prevention interventions. Our goal was to evaluate two
tools, which can feasibly be performed in an ED, to determine
whether they can appropriately risk stratify patients’ fall risk
above the treatment threshold of 27% with good sensitivity.
The primary objective of this study was to measure the ability
of the two-item fall screening tool previously devised and
internally validated by Tiedemann et al and handgrip strength
to predict future six-month fall risk in adults 65 years and
older presenting to the ED.11 Secondary objectives were to
assess both tools’ ability to predict fall-related injury and/or
death within six months.

Population Health Research Capsule
What do we already know about this issue?
Few ED-specific fall-risk screening tools
exist, making it difficult to identify highrisk individuals who would benefit from fall
prevention therapies.
What was the research question?
Would low handgrip strength and a 2-item
fall screening tool be able to accurately
predict future 6-month fall risk in older adults
presenting to the ED?
What was the major finding of the study?
The two-item screening tool identified those at
high risk of future falls with good sensitivity.

METHODS
Study Design
This study was a single-center, prospective observational
cohort study of ED patients. It was approved by the local
institutional review board, and written informed consent was
obtained from all participants.
Study Setting and Population
All study enrollments were performed at a single
Midwestern academic ED with an annual patient volume of
about 65,000 patients annually. Patients were eligible for
participation in the study if they were 65 years of age or
older and were treated in the ED between 9 am and 11:59
pm on weekdays and 2 pm and 10 pm on weekends. We
excluded from the study patients currently living in a nursing
home, prisoners, patients with limited English-language
skills, and those without the capacity to provide informed
consent. If a participant moved to a nursing home after the
time of consent, but during the study follow-up period, they
remained in the study. No compensation was provided to
study participants. The study is reported in accordance with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies.12
Study Protocol
Qualifying patients presenting to the ED were
consented for the study by a trained research assistant
during their ED visit from March 2017–June 2017.
Participants provided basic demographic information,
completed self-administered fall screening surveys, and
provided handgrip strength measurements. Following ED
discharge, patients were mailed six follow-up postcards
at consecutive monthly intervals from one month to six
months after their ED visit. Participants who did not
respond to the monthly postcard were then contacted by
email or phone (based on patient preference).
Western Journal of Emergency Medicine

How does this improve population health?
Future falls for older adults identified by
a screening tool during the ED visit could
be decreased by referral to fall prevention
therapies.

Measurements
At the time of the ED visit, screening questions from
Tiedemann et al were used to assess geriatric fall risk.11
Using Tiedemann’s rule, as done in the previous validation
study, having two or more falls within the prior year was
worth two points and taking six or more medications was
worth one point (Table 1). Handgrip strength was measured
using a handgrip dynamometer (Constant 200 lbs. Digital
Hand Dynamometer Grip Strength Measurement Meter,
Camry Electronic Ltd, Guangdong, China) on both hands in
kilogram-force (kgf), and handedness was also reported by
the patient.

Table 1. Overview of Tiedemann score calculation for identifying
older adults at risk of future falls.
Tiedemann score
Components

Total score

1276

Survey question

Score

“Have you had 2 or more
falls in the past 12 months?”

If yes, +2
points

“Are you taking 6 or more
medications?”

If yes, +1
point

Sum of two scores

Score = 0
to 3
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Key Outcome Measures
The primary outcome was any fall within six months.
Secondary outcomes included fall-related injury and/or death
during the six-month follow-up period. Falls and fall-related
injuries were ascertained from participant self-report from
monthly follow-up (postcard, email, or phone call). In the
monthly follow-up, participants were asked, “Have you fallen
within the past month?” for falls and, if they had fallen, “Were
you injured?” for fall-related injuries. Death was determined
from a combination of family or friend report during monthly
follow-up, and participants lost to follow up were screened in
the state death registry to identify cases where loss to followup was because of death.
Data Analysis
Demographic information was reported across fall status
using descriptive statistics including the chi-square tests and
Mann-Whitney U tests, as appropriate. Test charactersitics
(sensitivity, specificity, likelihood ratios, and diagnostic
odds ratios) for the Tiedemann rule were calculated for each
Tiedemann score (0,1,2, and 3). We generated a receiver
operating characteristic (ROC) curve to evaluate the predictive
value of the Tiedemann score for six-month fall within the
study population. To generate 95% confidence intervals
(CI) for the area under the curve (AUC) estimates for the
ROC curve, we randomly generated 1000 study samples
(with replacement of observations) from the study data by
bootstrapping. This provided an estimate of the variation in
the AUC point estimate. Similar analyses were completed for
the secondary outcomes of fall-related injury and composite
fall or death.
Handgrip strength was reported as mean and 95% CI
by dominant hand and compared between the those who
fell and those who did not. We used stratification by gender,
as there were observed differences in the distributions of
handgrip strength by gender. A ROC curve was generated
using similar techniques to those described above, including
internal validation of the AUC with bootstrapping, to evaluate
the predictive value of handgrip strength for six-month fall.
A threshold value for low handgrip strength was selected by
identifying the handgrip value for each gender that maximized
specificity and sensitivity. Low handgrip strength was defined
as less than 16 kg for females and less than 25 kg for males.
Using the dichotomized measure, we calculated sensitivity,
specificity, likelihood ratios, and diagnostic odds ratios to
determine the prognostic utility of low handgrip strength
for six-month fall. Similar analysis was completed for both
secondary outcomes.
To account for high loss to follow-up, we conducted a
post hoc survival analysis using interval censoring assessed
for differences in fall-free survival by Tiedemann screening
status. A composite outcome of death or fall was used to
define the outcome. Participants were right-censored at the
end of the six-month follow-up period or after loss to followVolume 21, no. 5: September 2020

up (i.e, a missed monthly survey). Survival function estimates
curves were constructed to visualize fall-free survival, median
survival time was computed for each group, and differences in
fall-free survival rates tested for significance with the log-rank
test, incorporating interval censoring.
Sample Size Calculation
Assuming an alpha of 0.05, power of 0.80, prevalence
of a fall within six months of 17%13 and test sensitivity of
93% and specificity of 61% for a fall within six months,13 147
participants were needed for analysis. Assuming 40% lost
to follow-up based upon a previous ED study with similar
follow-up methods,13 245 participants were needed to have a
final analysis sample of 147 participants.
Sensitivity Analysis
We performed a sensitivity analysis incorporating all
participants, including those lost to follow-up at six months,.
Participants lost to follow-up were assumed to not have fallen
(outcome = 0) for the sensitivity analysis.
Missing Data
For the primary analysis describing the test characteristics of
the fall screening tools, we used complete case analysis. The
complete case analysis population included participants who
responded to the monthly follow-up surveys at month six;
deaths were included in the loss-to-follow-up population for
this analysis. For the outcome of death or fall, participants
who died during the study period were also included. For
the survival analysis, we included participants from study
enrollment until the first event (fall or death) or until rightcensoring occurred (ie, end of six-month study period or lost
to follow-up). Data from participants who partially completed
follow-up were compared to those completing all of followup to examine how those lost to follow-up might differ from
those who completed six-month follow-up. We conducted all
data analysis in SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
Decription of Study Population
A total of 247 patient were enrolled, with 74 patients
(30%) lost to complete six months of follow-up (Figure 1).
Thirty participants died during the study. There were 194
participants who completed at least part of the follow up. The
final six-month fall analysis included 143 participants.
Demographics of our study participants can be found in
Table 2. The median age was 74 years. Men made up 47% of
the study population. There were no major differences in age,
gender, dominant or non-dominant handgrip strength or fallrelated visits in those lost to follow-up (Supplemental Table
S1). During initial ED evaluation 23 (16%) patients reported
two or more falls in the past year and 96 (67%) reported
taking six or more medications (Table 3). Low handgrip
strength was found in 54 (38%) patients.
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Figure 1. Flowchart of enrollment in study of tool to predict future falls in older adults.
*For survival analyses and composite outcome, 30 participants who died are included in analysis (n = 173).

Table 2. Subject demographics.
Total population (N=173)

Fall (n=53)

No fall (n=120)

P-value

73.5 (69.0 – 80.1)

74.5 (69.5 – 81.0)

73.3 (68.7 – 80.1)

0.297

Male, n (%)

79 (45.7)

26 (49.1)

53 (44.2)

Female, n (%)

94 (54.3)

27 (50.9)

67 (55.8)

Dominant grip strength,
mean (95% CI)

22.6 (21.0 – 24.2)

20.9 (18.7 – 23.1)

23.4 (21.3 – 25.5)

0.337

Non-dominant grip strength,
mean (95%CI)

20.7 (19.1 – 22.3)

20.2 (17.3 – 23.1)

20.9 (19.1 – 22.8)

0.613

Dominant grip strength,
mean (95% CI)

28.5 (25.9 – 31.1)

25.6 (22.6 – 29.0)

29.8 (26.3 – 33.4)

0.103

Non-dominant grip strength,
mean (95% CI)

26.4 (24.0 – 28.9)

25.0 (20.4 – 29.5)

27.2 (24.2 – 30.1)

0.117

Dominant grip strength,
mean (95% CI)

17.8 (16.4 – 19.2)

16.6 (14.4 – 18.7)

18.3 (16.5 – 20.1)

0.247

Non-dominant grip strength,
mean (95% CI)

16.0 (14.5 – 17.5)

15.5 (12.7 – 18.4)

16.2 (14.4 – 18.0)

0.643

16 (9.3)

6 (5.0)

10 (18.9)

0.004

Age, median (IQR)
Gender

0.552

Handgrip test (kg)
Total

Male

Female

Fall-related current ED visit, n (%)

IQR, interquartile range; kg, kilogram; CI, confidence interval, ED, emergency department.
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Secondary Outcomes: Death and Injury
Of the participants who reported a fall, 54% had a fallrelated injury. The Tiedemann rule was able to distinguish low
risk from high risk partipants for fall-related injuries (Table 4).
The percentage of participants who fell and had a fall-related
injury was nearly identical in those with a negative Tiedemann
score vs those with a score of 1 or greater (50% vs 54%).
There were 30 (12.1%) participants who died during their sixmonth follow-up period. The Tiedemann rule also performed
well in risk stratifying those at risk of fall or death. Patients
with a Tiedemann score of 0 had a significantly greater
probability of a fall-free survival at six months (Figure 3).
Patients with scores of 1 or greater had a significantly lower
probability of a fall-free survival.
Fall-related injuries were higher in the group that had low
handgrip strength (27.8% vs 18.2%). The low handgrip strength
group had a higher rate of fall and/or death at six months (40.0%
vs 24.2%) and a lower rate of fall-free survival (Figure 3).

Primary Outcome: Falls
There were 48 (34%) participants who had a fall within
six months of their ED presentation with a total of 107
reported falls. A Tiedemann score of 0 had a 14.3% fall rate.
Tiedemann scores of 1,2 and 3 had fall rates of 33.3%, 60.0%
and 72.2%, respectively. A score of 1 or greater was sensitive
(87.5%, 95% CI, 78.1 – 96.9 ) in identifying those who fell.
Higher score thresholds were more specific for future fall risk;
however, they were poorly sensitive (Table 4).
There was no difference in handgrip strength between
the group that fell and the group that did not (Table 2).
Participants with low grip strength did have a high fall rate
(46%), but this was poorly sensitive (52%, 95% CI, 38.0-66.2)
and specific (69%, 95% CI, 60.2-78.7) (Table 4). The receiver
operating area under the curve for handgrip strength was 0.645
(95% CI, 0.639 – 0.646) in men and 0.612 (95% CI, 0.610 –
0.617) in women (Figure 2). There was no threshold for hand
grip strength found to identify those at greatest risk of falling.

Table 3. Questionnaire results by monthly fall status.
Falls
One month falls

Three month falls

Six month falls

Question

Yes

n (ROW%)

dOR (95% CI)

n (ROW%)

dOR (95% CI)

n (%)

dOR (95% CI)

Two or more
falls in past year

23

9 (39.1)

10.38 (3.34 – 32.23)

7 (30.4)

7.06 (2.19 – 22.78)

16 (69.6)

6.29 (2.37 – 16.68)

Six or more
medications

96

10 (10.4)

0.79 (0.27 – 2.34)

8 (8.3)

0.62 (0.20 – 1.91)

39 (40.6)

2.89 (1.26 – 6.64)

Low hand grip
54
11 (20.4)
4.30 (1.40 – 13.16)
strength
dOR, diagnostic odds ratio; CI, confidence interval.

9 (16.7)

3.36 (1.06 – 10.63)

25 (46.3)

2.47 (1.21 5.06)

Table 4. Test characteristics to predict 6-month fall outcomes.
Injury Rate, n
(%) (26/143,
18.2%)

Fall and/or
death rate, n
(%) (53/173,
30.6%)

2.47
(1.21 – 5.06)

15/54 (27.8%)

28/70 (40.0%)

0.77
(0.63 – 0.91)

6.69
(2.22 – 20.14)

7/18 (38.9%)

15/25 (60.0%)

2.97
(-2.29 – 8.22)

0.96
(0.88 – 1.03)

3.10
(0.50 – 3.91)

2/5 (40.0%)

3/10 (30.0%)

37.9%
(28.1 – 47.7)

1.41
(1.14 – 1.68)

0.33
(0.07 – 0.59)

4.27
(1.65 – 11.05)

23/101
(22.8%)

46/128
(35.9%)

54.2%
(40.0 – 68.3)

45.3%
(35.3 – 55.3)

0.99
(0.67 – 1.31)

1.01
(0.63 – 1.40)

0.98
(0.49 – 1.96)

14/78 (17.9%)

28/93 (30.1%)

12.5%
(3.1 – 21.9)

62.1%
(52.4 – 71.9)

0.33
(0.07 – 0.59)

1.41
(1.14 – 1.68)

0.23
(0.09 – 0.61)

3/42 (11.5%)

7/45 (15.6%)

Fall rate, n
(%) (48/143,
33.6%)

Sensitivity

Specificity

+LR

-LR

dOR

25/54
(46.3%)

52.1%
(38.0 – 66.2)

69.5%
(60.2 – 78.7)

1.71
(1.01 – 2.41)

0.69
(0.47 – 0.92)

3

13/18
(72.2%)

27.1%
(14.5 – 39.7)

94.7%
(90.3 – 99.2)

5.15
(0.11 – 10.19)

2

3/5 (60.0%)

6.3%
(0.0 – 13.1)

97.9%
(95.0 – 100.0)

≥1

42/101
(41.6%)

87.5%
(78.1 – 96.9)

1

26/78
(33.3%)

0

6/42(14.3%)

Low hand
grip strength*
Tiedemann’s
Screen Score

+LR, positive likelihood ratio; -LR, negative likelihood ratio; dOR, diagnostic odds ratio.
*Low handgrip strength defined as a dominant handgrip strength of less than 18 kg (women) and 25 kg (men).

Volume 21, no. 5: September 2020

1279

Western Journal of Emergency Medicine

Fall Screening Tool Identifies Older Adults at Increased Risk after ED Visit

Solie et al.

Figure 2. Receiver operating characteristic curve for handgrip strength.
AUC, area under the curve.

Figure 3. Interval-censored Kaplan-Meier plots by screening test results.

DISCUSSION
Falls are a major problem for older adults and our
health system.1-9 Identifying older adults at risk of future
falls is important as interventions have proven to decrease
fall risk. Many of these interventions involve referral and
home-based assessment, which can be coordinated through
the ED. In the US, fall-prevention programs are often
offered by senior community centers, YMCAs and physical
therapists. Many programs focus on balance, strength
Western Journal of Emergency Medicine

training, and environmental changes. The Prevention
of Falls in the Elderly Trial proved that ED treatments
can prevent future falls. This study randomly assigned
high risk older adults to a fall-intervention program, and
participation in the program decreased future falls from
52% to 32%.14
Recognizing the importance of identifying those at
increased risk for future falls, the Society of Academic
Emergency Medicine Geriatric Emergency Medicine
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Residency Core Competencies and the “Geriatric
Emergency Department Guidelines” recommend that
geriatric patients be screened for fall risk, although there
is currently no specific screening tool recommended.15-17
While many fall-screening tools exist, few have been
evaluated in an ED setting. A review of ED-specific fallscreening tools identified only two studies that derived EDspecific fall-screening tools using individual risk factors
with six-month falls as the primary outcome.10 Extensive
fall risk evaluations are not feasible in EDs, but brief
screening programs hold promise. Our study found that
simply asking two questions can distinguish those at high
risk of falling from those at lower risk. This is the first EDspecific fall-risk screening tool to be externally validated.
In our study, the Tiedemann rule was able to distinguish
those at high risk of falling from those at low risk. The
tool also performed well in identifying those at increased
risk of fall-related injury and fall or death. Asking two
questions enabled care providers to distinguish those who
would benefit from fall prevention interventions with good
sensitivity (87.5%, 95% CI, 78.1 – 96.9). Older adults with
a Tiedemann score of 0 had such a low fall rate (14.3%) that
sending these patients to fall prevention therapies would
likely have been of little benefit. A score of 1 or higher
had a combined fall rate of 41.6%. Using the treatment
threshold of 27% previously described by Carpenter et al,
we recommend EDs using the Tiedemann two-question
screening tool refer those with a score of 1 or greater to fallprevention interventions.
Frailty is the state of vulnerability due to poor resolution
of homeostasis as a response to a stressor event and has been
found to put older adults at greater risk for falls.18-20 Of the
many proposed ways to measure frailty, one of the simplest
is handgrip strength, which has been shown to be a single
marker for frailty, more than chronological age itself.21
Handgrip strength is measured with a hand dynamometer,
which is a non-invasive, inexpensive device (approximately
$25) that can perform the measurement in seconds. As
decreased handgrip strength has been used to identify frailty
and frailty has been associated with increased risk of falls,
we predicted that decreased handgrip strength would be able
to predict increased risk of future falls. In our study, low
handgrip strength was associated with an increased risk of
fall, fall-related injury and fall or death at six months, but
did not perform well as a fall-risk screening tool as it failed
to identify almost half of those who fell.
While checking handgrip strength in the ED may not
be useful as a fall-risk screening tool, there may be other
benefits from checking handgrip strength as it did identify a
more frail subgroup of older adults given increased rates of
future injury and death. This could help in adding objective
data for supporting an individual’s need for nursing home
placement. Future studies are needed to evaluate its utility
in the ED.
Volume 21, no. 5: September 2020

LIMITATIONS
This study has several limitations. The biggest limitation
was our loss to follow-up. Although our loss to follow-up was
high, it was lower than our predicted loss to follow-up of 40%;
thus, we met our goal sample size. Those lost to follow-up had
lower handgrip strength and had a higher incidence of falls
contributing to their index visit (Supplemental Table S1). We
had anticipated a lower fall rate, as reported in another USbased ED study,13 but our fall rate was similar to that found in
Tiedemann et al’s study.
Our study was performed at a single academic center
that primarily serves a White, non-urban population. These
findings may not reflect EDs that serve other demographic
groups as our population may have different fall hazards than
older adults in more urban locations. However, the consistency
between our results and the Tiedemann study suggest that
our findings would likely be similar in other EDs. While
patients were prospectively enrolled, patients with less acute
conditions were likely consented more often, causing healthier
older adults to likely be over-represented and making patient
enrollment not truly consecutive. Patients who declined to be
in the study were not tracked, making it difficult to get a sense
for any self-selection bias. This study relies on older adults’
self-reported fall. Recall bias has been reported in the past
when measuring older adults’ reporting of falls.22
CONCLUSION
Future falls and fall-related injuries are high in older
adults presenting to the ED. Handgrip strength was not a
sensitive screening tool for predicting future falls in older
adults. In a validation of Tiedemann et al’s fall-risk screening
tool, we found the two-item screening tool was useful to
distinguish those at high risk of six- month fall from those at
a low risk of falling. EDs may consider using the two-item
screening tool developed by Tiedemann et al to assess older
adults for future fall risk as it is externally validated and
feasible to perform in the ED.
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While current research efforts focus primarily on identifying patient level interventions that mitigate
the direct impact of COVID-19, it is important to consider the collateral effects of COVID-19 on
antimicrobial resistance. Early reports suggest high rates of antibiotic utilization in COVID-19 patients
despite their lack of direct activity against viral pathogens. The ongoing pandemic is exacerbating
known barriers to optimal antibiotic stewardship in the ED, representing an additional direct threat
to patient safety and public health. There is an urgent need for research analyzing overall and
COVID-19 specific antibiotic prescribing trends in the ED. Optimizing ED stewardship during
COVID-19 will likely require a combination of traditional stewardship approaches (e.g. academic
detailing, provider education, care pathways) and effective implementation of host response
biomarkers and rapid COVID-19 diagnostics. Antibiotic stewardship interventions with demonstrated
efficacy in mitigating the impact of COVID-19 on ED prescribing should be widely disseminated and
inform the ongoing pandemic response. [West J Emerg Med. 2020;21(5)1283-1286.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.
BACKGROUND
Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel viral pathogen and its associated
clinical syndrome (COVID-19) is the cause of an ongoing
global pandemic involving hundreds of thousands of deaths.
While current research efforts focus primarily on identifying
therapeutic interventions, it is important to consider the
collateral effects of COVID-19 on other public health crises.
Articles in Press

Specifically, early reports suggest high rates of antibiotic
utilization in COVID-19 patients despite their lack of direct
activity against viral pathogens.1,2 Unnecessary use of
antibiotics is a primary driver of antimicrobial resistance, a
global public health crisis,3,4 and a significant risk to patient
safety due to the risk of serious adverse drug events (ie,
allergic reactions) and Clostridioides difficile infection.
As the hospital entry point for most patients with potential
COVID-19, the emergency department (ED) is a critical
setting for stewardship efforts.5 The ED has unique, systemslevel barriers to quality improvement interventions that
require customized approaches to antibiotic stewardship.6 It is
important to consider how the ongoing pandemic exacerbates
existing challenges to antibiotic stewardship for acute
respiratory conditions in the ED.
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ANTIBIOTIC USE IN PATIENTS WITH COVID-19
Most available reports on COVID-19 have focused on
characterization of the disease and associated outcomes;
so there is limited information available on antibiotic use
patterns. Two recent systematic reviews identified that 72%
of patients with COVID-19 receive antibiotic therapy despite
only 7% having a bacterial co-infection.2,7 While these
findings raise substantial concern about potential overuse of
antibiotics in COVID-19, the underlying studies are lacking
sufficient prescribing detail to fully characterize the dilemma.
Specifically, they do not include critical details such as when/
where the antibiotics were initiated, indication for initiation
(eg, empiric therapy vs confirmed co-infection), and duration/
spectrum of therapy. In the few studies that did report coinfections, they often fail to provide details on how the infection
was diagnosed and type of infection (ie, viral, bacterial, or
fungal). There is a need to obtain prescribing data from the
ED due to its primacy in the initial evaluation of COVID-19
patients and its susceptibility to the stewardship challenges
posed by the pandemic. Only by gathering this information
can the magnitude and appropriateness of ED-based antibiotic
prescribing related to COVID-19 be accurately evaluated.
POTENTIAL ADVERSE EFFECTS OF COVID-19 ON
EMERGENCY DEPARTMENT STEWARDSHIP
Due to unique, system-level factors, optimizing antibiotic
prescribing in the ED is challenging. Emergency care providers
have specifically reported that time pressures, clinical inertia,
perceived patient expectations, and diagnostic uncertainty can
lead to overuse of antibiotics.8,9 Individual providers’ perceptions
of the risk-to-benefit ratio for antibiotics may also drive the
substantial inter-provider prescribing rate variability observed
in the literature.10,11 In EDs experiencing a surge in volumes
related to COVID-19 (eg, New York), the increased caseload may
exacerbate the pre-existing barriers to stewardship. Additionally,
fear of COVID-19 and a baseline lack of understanding among
some patients of how antibiotics work may accelerate actual or
perceived expectations for antibiotic therapy.12
These challenges in optimizing antibiotic prescribing in the
ED are further exacerbated by diagnostic limitations inherent
to the first pandemic wave. Patients with COVID-19 infection
can present with a wide spectrum of illness severity and nonspecific clinical features (eg, cough, dyspnea) that overlap
substantially with other common acute respiratory conditions
such as asthma, congestive heart failure, and bronchitis.13 Given
the lack of widespread access to accurate and rapid COVID-19
diagnostics, including the absence of point-of-care assays, it
is incredibly difficult to differentiate COVID-19 from other
acute respiratory conditions for which antibiotics are generally
indicated (eg, community-acquired pneumonia and chronic
obstructive pulmonary disease exacerbations). This is likely
to drive further overuse of antibiotics, given that high rates of
unnecessary antibiotic prescribing are already observed for
respiratory conditions of less diagnostic uncertainty (eg, asthma,
Western Journal of Emergency Medicine
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influenza, and bronchitis), where therapeutic guidelines are
clearly established and do not support antibiotic use.14-16
The increased prevalence of early hypoxia and progression
to respiratory failure reported for COVID-19 compared to
other infectious respiratory conditions is another potential
factor underlying high rates of antibiotic utilization.17 For
instance, Sepsis CMS Core Measure 1 (SEP-1) requires rapid
administration of broad-spectrum antibiotics for all ED patients
with two systemic inflammatory response syndrome criteria and a
lactate > 2.0 mmol/L . This definition of severe sepsis may create
antibiotic prescribing pressure for patients with minor vital sign
or metabolic perturbations.18 Additionally, early guidelines for
critically ill patients with COVID-19 recommended consideration
of antibiotics due to the possibility of bacterial co-infection,
despite a lack of evidence demonstrating improved outcomes.19,20
Although not directly related to COVID-19 infections,
the pandemic public health response effort appears to have
significantly altered patterns of ED utilization. Several reports
confirm dramatic decreases in ED volumes for emergent
conditions, potentially related to “stay at home” orders or fear of
COVID-19 exposure in the hospital.21,22 Delayed presentations
can cause more severe presentations of acute respiratory (eg,
asthma) and infectious conditions (eg, sepsis), which may in
turn lead to increased rates of antibiotic utilization and expanded
spectrum of empiric therapy. While these effects are speculative,
due to a lack of detailed reporting on antibiotic treatment of
COVID-19 patients in the ED, they share similarities with known
challenges to ED antibiotic prescribing and can be mitigated by
established stewardship interventions.
EMERGENCY DEPARTMENT ANTIBIOTIC
STEWARDSHIP STRATEGES FOR COVID-19
There are several relevant stewardship interventions with
established effectiveness in curbing inappropriate antibiotic
usage for acute respiratory conditions in the ED. Academic
detailing, care pathways/guidelines, and pharmacist review can
improve empiric antibiotic selection for community-acquired
pneumonia.23-27 The use of rapid, viral pathogen-detection
assays has been proposed as a means to reduce antibiotic
initiation and facilitate earlier discontinuation among ED
patients with respiratory tract infections (eg, influenza).28-31 The
ID NOW point-of-care testing platform by Abbott (Chicago,
IL) that is used for rapid influenza, strep A, and respiratory
syncytial virus now has a test for COVID-19 that can deliver
a test result in 13 minutes with over 90% agreement with
molecular polymerase chain reaction (PCR) assays for SARSCov-2.32,33 Given the role of diagnostic uncertainty in antibiotic
prescribing, these assays will be an increasingly important tool
for optimizing stewardship during the ongoing pandemic.
Although the availability, diagnostic performance, and
turnaround time of diagnostic tests for SARS-CoV-2 is likely
to continue improving over time, we are over five months into
this pandemic and rapid testing is still not widely available in
the ED. There is an immediate need for research elucidating the
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role of host response biomarkers in helping clinicians identify
bacterial infections in patients with acute respiratory illnesses.
Procalcitonin (PCT) is a Food and Drug Administrationapproved biomarker that differentiates viral from bacterial
infections and can safely guide antibiotic decision-making for
stable patients with acute respiratory infections.34 However,
rapid PCT is not widely used in the US and a recent trial
demonstrated significant antibiotic use in low-risk pneumonia
patients despite a negative PCT, suggesting the need for
additional clinician education and decision support.35.36
Early reports indicate PCT remains negative in COVID-19
infection and may be useful in easing concerns of bacterial coinfection, although further research is needed to confirm these
findings.1,37,38 Finally, although not yet available in the US, a
point-of-care host response assay for respiratory tract infections
that incorporates both a bacterial (C-reactive protein) and viral
biomarker (myxovirus resistance protein A) has a reported 99%
negative predictive value for bacterial infections.39 The fingerstick sample collection method and 10-minute turnaround
time offer a promising alternative to PCR assays that require
higher level personal protective equipment during nasal swab
collection and are generally associated with turnaround times
of several hours. This assay has been proposed as a potential
triage tool in a tiered COVID-19 diagnostic strategy, but
further validation of its performance in confirmed cases will be
required before introduction into clinical practice.40
CONCLUSION
The ongoing COVID-19 pandemic is exacerbating
known challenges to optimal antibiotic stewardship in the ED,
representing an additional direct threat to patient safety and public
health via antibiotic overprescribing and promotion of bacterial
resistance. There is an immediate need for research characterizing
ED antibiotic prescribing patterns and the performance of host
response biomarkers among patients with confirmed or suspected
COVID-19. Antibiotic stewardship approaches shown to
effectively mitigate the impact of COVID-19 in the ED should be
widely disseminated and inform future pandemic responses.
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Abstract
Emergency medicine residency programs around the country develop didactic conferences to prepare
residents for board exams and independent practice. To our knowledge, there is not currently an
evidence-based set of guidelines for programs to follow to ensure maximal benefit of didactics for
learners. This paper offers expert guidelines for didactic instruction from members of the Council of
Emergency Medicine Residency Directors Best Practices Subcommittee, based on best available
evidence. Programs can use these recommendations to further optimize their resident conference
structure and content. Recommendations in this manuscript include best practices in formatting didactics,
selection of facilitators and instructors, and duration of individual sessions. Authors also recommend
following the Model of Clinical Practice of Emergency Medicine when developing content, while
incorporating sessions dedicated to morbidity and mortality, research methodology, journal article review,
administration, wellness, and professionalism.
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