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Introduction: Effective out-of-hospital administration of naloxone in opioid overdoses is dependent on
timely arrival of naloxone. Delays in emergency medical services (EMS) response time could potentially
be overcomewith drones to deliver naloxone efficiently to the scene for bystander use. Our objectivewas
to evaluate a mathematical optimization simulation for geographical placement of drone bases in
reducing response time to opioid overdose.

Methods: Using retrospective data from a single EMS system from January 2016–February 2019, we
created a geospatial drone-network model based on current technological specifications and potential
base locations. Genetic optimization was then used to maximize county coverage by drones and the
number of overdoses covered per drone base. From this model, we identified base locations that
minimize response time and the number of drone bases required.

Results: In a drone network model with 2,327 opioid overdoses, as the number of modeled drone bases
increased the calculated response time decreased. In a geospatially optimized drone network with four
drone bases, response time compared to ambulance arrival was reduced by 4 minutes 38 seconds and
covered 64.2% of the county.

Conclusion: In our analysis we found that in a mathematical model for geospatial optimization,
implementing four drone bases could reduce response time of 9–1–1 calls for opioid
overdoses. Therefore, drones could theoretically improve time to naloxone delivery. [West J EmergMed.
2023;24(5)823–830.]

INTRODUCTION
In 2021 over 100,000 people died from opioid overdoses in

the United States.1 Opioid death rates also increased 10-fold
from 2013 to 2019.2 Although death from an opioid typically
occurs over a few hours,3 there may be bystander delays in
calling 9–1–1.4–6 The reduction of deaths from opioid
overdoses often depends on prompt 9–1–1 response and use
of the reversal medication naloxone.

Naloxone is currently available without a prescription in
intranasal and intramuscular forms that lay-users can safely

administer with little skill. Because of this, bystanders can
play a vital role in preventing deaths from opioid overdoses
through the administration of naloxone. Despite expanded
access and education on naloxone, people who use opioids
may not carry this life-saving medication.7 Furthermore,
time to ambulance arrival, which can impede the provision of
naloxone, ranges from 1.7–51 minutes (median 6.9
minutes).8 National Fire Protection Agency Standard 1710
establishes target response times for EMS personnel. It states
that the goal for response times is five minutes for 90% of
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dispatched incidents.9 Analysis from 2017 suggested that
EMS response times averaged 7 minutes in the US, two
minutes longer than NFPA 1710.10

Unmanned aerial vehicles, or drones, may offer a bridge
for faster naloxone delivery while awaiting trained first
responders (firefighters, police, or paramedics). Drones have
previously been used for medication delivery in rural areas,7

disease surveillance and collection of biosamples,11 and they
have been investigated for use in automatic external
defibrillators delivery in cardiac arrest.12 Recently, a study by
Tukel et al demonstrated that drones have the ability to
travel straight-line distances carrying life-saving opioid
reversal medications faster than ambulances.13 Additionally,
a pre-print by Lejune and Ma describes use of a stochastic
method to improve response times by 78% in
Virginia Beach.14

Our objective in this study was to determine whether a
mathematical model could be used to optimize the placement
of drone bases to reduce response time to opioid overdoses.
Given the locations of opioid overdoses, this mathematical
model determines the number and location of drone bases to
meet any specified reduction in response time. When
compared to observed ambulance response times, our
optimized network was found to reduce response
times to opioid reversal medication delivery by over
four minutes.

METHODS
Study Setting

The study was conducted in a county in North Carolina
with a population of over 300,000 people in 2019 on ≈750
square kilometers of land with an average population density
of 434 per square kilometer.15 A single EMS agency responds
to medical emergencies for this area. In all suspected opioid
overdose calls, firefighters and sheriff’s deputies are
dispatched along with EMS. However, we only had access to
the EMS data for this study. Note that the data does not
include response times for law enforcement, firefighters, or
other emergency medical responders.

Dispatching ambulances use a hybrid system status
management (SSM). The hybrid SSM coordinates
responding units based in stations and automatic vehicle
location (AVL) to guide dispatch. The AVL ensures that the
unit closest to the call is assigned to the response based on
GPS. The paramedic service also strategically posts units
based on call volume. For example, if all responding units are
busy, outlying units will be sent to general geographic areas
to provide coverage in uncovered areas during a high-volume
period. General study setting information (eg, county
demographics, response times) are shown in Table 1. We
defined “dispatch time” as the time between when the call
came in and when a unit or drone was assigned to that
particular incident.

Study Design
Using a retrospective cross-sectional design, we used data

in prospectively collected electronic health records as part of
routine care. Our overall design was inspired by Boutilier
et al,16 which mathematically optimized drone networks for
automatic external defibrillators (AED) for out-of-hospital
cardiac arrest in Toronto, Canada. Their method optimized
by a threshold response time, determining how many
drones at each prospective base would be required to
reduce response times by one, two, and three minutes. We
furthered this analysis method by not holding the number of
bases constant and optimized the number of drones and
bases needed to produce the greatest coverage area
and produce the greatest decrease in response time
per drone.

DATA SOURCES
Opioid Overdose Episodes

We included in this study all dispatches for suspected
opioid overdoses in the service area from January 1,
2016–February 17, 2019 (EmergencyMedical Dispatch card
number 23 or naloxone administration during the call)
regardless of call priority). Locations of these dispatches
were automatically geocoded (converting a text-based
address to geographic coordinates) based on addresses
obtained during dispatch calls.

Candidate Base Locations
For the drone network, all fire, paramedic, and EMS

administrative buildings were considered potential drone
bases. The addresses of each station were obtained from the
local paramedic service and geocoded into Universal
Transverse Mercator (GIS Geography, Redlands, CA)

Table 1. Summary statistics for Durham County, North Carolina.

County Demographic and Historical Response Data

Characteristics

Population (2017) 311,640

Population density (2017), km2 935.7

Average annual number of opioid overdoses 743.1

Female gender in overdoses 43%

Average patient age, years 41

Number of paramedic and fire stations 29

Dispatch time, minutes/seconds

Average 03:01

90th percentile 05:00

Response time, minutes/seconds

Average 10:46

90th percentile 17:00
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coordinates. We used 29 such candidate stations in our
analysis. Drone bases were selected among these
candidate stations.

Drone Specifications
Drone parameters for our model were chosen to reflect

current, cost-effective drone capabilities. We set the
maximum speed as 18 kilometers per hour and a maximum
distance of 7 kilometers on one battery life. We chose more
conservative metrics than Boutilier et al because naloxone
will require less power to transport compared to an AED.
However, Tukel et al used drones that could reach speeds of
94 kilometers per hour, which would likely further improve
results from this study. These drones had the ability to carry
up to 1.4 kilograms in payload, which should easily allow for
naloxone to be transported. Because there is no previously
standardized launch time, we assumed drone lift off and
landing would each take 60 seconds. We did not account for
time for lay-users to reach the drone, remove the medication,
and return to the patient’s side, as these calculations have not
been established. Ambulance response time also does not
account for the time interval between EMS arrival on scene
to arrival to patient.

Each drone’s geographical catchment area was set to a
3.2 kilometer-(twomile) radius for the drone’s ability to fly to
and from the scene. We also accounted for wind speed and
rain on the days of overdose incidents using hourly North
Carolina climate data in the service area.17 Assuming the
drone could withstand a level 5 wind (wind speeds of 19–24
miles per hour), we set 19 miles per hour as the threshold
speed for drones to work normally. For most drones, it is not
recommended to operate in rainy conditions. We assumed
that drone service would pause during these times
(precipitation >0).

ANALYSIS
Measurements

Our primary outcomes were ambulance and drone
response times as depicted in Figure 1. For our dataset, we
defined ambulance response time as the duration between
EMS assignment and arrival at scene as documented in EMS
records. Drone response time was considered time between
drone assignment and arrival at scene. These definitions were
equivalent to those used by Boutilier et al. Drones would be
collected from the scene when an ambulance arrives. Time
between arrival on scene and arrival to the patient
was not calculated for either drone or ambulance response
times. We calculated drone response times using a genetic
optimization model and technological specifications of
current drones as described above. Additional time was
added to the calculated flight time to account for dispatching
the drone and allowing it to land after arriving on the field
site. This additional time produced a very conservative
estimate of the total response time for each drone flight. We
excluded incidents with missing data on scene location and
response time.

Genetic Optimization
Genetic optimization is an iterative process inspired by

natural selection in which the properties of a potential
solution to a problem are changed with each iteration. After
each iteration (generation), the performance (fitness) is
assessed for each potential solution. The subsequent
generation of solutions is then determined based on the
composition of the current highest performing solutions.
In biological terms, the best solutions in each generation
serve as the parents for the next set of potential solutions.
This process continues until a solution meets a set of
minimum criteria.18,19

Figure 1. Ambulance and drone timelines adapted from Boutilier et al 2017.16 The objective of the drone is to get naloxone to the patient as
early as possible. If the ambulance arrives first, the drone on-scene timewill be zero. If the drone arrives first, naloxone can be given while the
ambulance is in route.
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Our goal was to determine the optimal number and spatial
geographic distribution of drone bases that would reduce
naloxone distribution times to opioid overdoses. To
accomplish this, we first used locations of overdose incidents,
number of drone bases, and locations of drone bases to create
drone base networks. These networks each had a unique
combination of base locations, number of bases, coverage
rate (percentage of incidents covered by drone bases), and
coverage density (number of incidents covered by a drone
base). Given the prespecified number of bases from 0–29, the
genetic optimization model determines the geographical
locations of drones that maximizes coverage rate and density
(in mathematical terms, if entropy converged). Maximizing
coverage rate and density did not account for rural and urban
differences in response times. Our algorithm sought to
improve the overall distribution of response times, regardless
of location. For example, base locations for a two-drone
network may be completely different than a three-drone
network rather than simply adding another drone location.
The genetic optimizer was considered successful for drone
network optimization if entropy converged. We conducted
analyses with Python 3.6.8 (Python Software Foundation,
Wilmington, DE) on Jupyter Notebook and ArcGIS
Desktop 10.5.1 (Esri).

Observed and Estimated Response Time
We found that the drone networks improved average

response time for each added drone base. For each reduction
in response time, we identified the locations of these drone
bases chosen from candidate EMS/fire stations. We
calculated the distributions of the observed response times
and estimated drone response times for each incident. A
graph of response time and number of drone bases were
plotted. We chose the operating point, or the point closest to
the graph origin, as the optimum number of drone bases that
would minimizs the response time and number of bases.

We performed the test of significance with a Student
t-test by proposing the null hypothesis H0: the average
(or expected) response time of historical, optimized, and fully
deployed delivery network is different from each other. We
calculated the P-value for each paired combination of
historical, optimized and fully deployed delivery networks.
P-values less than 0.05 were considered significant.

Ethics Statement
The Duke University Institutional Review Board

determined this study to be exempt (Pro00101461).

RESULTS
Characteristics of Study Subjects and Climate

From 2016 to early 2019, 2,634 calls were dispatched for
suspected opioid overdose/poisoning. After eliminating
duplicate incidents with unique responding units, we found
2,327 distinct incidents of suspected overdose/poisoning or

dispatch calls in which naloxone was used. We excluded 303
cases in which response time data were missing, three cases in
which response times were greater than 40 minutes and
assumed to be inaccurate documentation, and one case that
was geocoded incorrectly, resulting in a total of 2020 final
encounters. Summary characteristics for opioid overdoses
are shown in Table 1. Of the included cases of opioid
overdoses 43% involved females, and the average age was
41 years old. Dispatch time took an average of 3 minutes
1 second, and response time took an average of 10 minutes
46 seconds. Regarding climate, no overdoses occurred when
winds exceeded 19 miles per hour, while 147 incidents
occurred during rain. We did not exclude in the genetic
algorithm the incidents that occurred in the rain.

Main Results
The entropy of the genetic optimization converged after

60 generations, meaning the drone base network was able to
be optimized. The change in response time and coverage rate
with each added drone base is shown in Table 2. Response
time and coverage rate consistently improved with increasing
number of drone bases up to the 29 available locations. For
example, having only one drone base reduced response time
by 2 minutes 24 seconds with a 36% coverage rate. But at full
deployment of 29 bases, response time was reduced by 8
minutes 12 seconds and covered 97.8% of incidents.

Table 2. Drone network characteristics for the response time
improvement in opioid overdoses.

Number of drone
bases

Improvement in response
time, mm:ss

Coverage
rate %

0 00:00 0.0

1 02:24 35.8

2 03:28 50.5

3 03:57 56.3

4 04:38 64.2

5 05:03 70.9

6 05:24 73.0

7 05:47 76.8

8 06:05 79.9

9 06:19 82.1

10 06:38 86.5

11 06:51 86.9

12 07:02 90.3

13 07:08 91.3

14 07:18 91.4

15 07:25 91.3

16 07:31 92.7

17 07:34 92.7
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The distribution of response times also narrowed with an
increase in drone bases (Figure 2). As more drone bases were
introduced into the network, the average and range of
estimated response times are markedly decreased compared
to historical ambulance response times. Because response
time cannot be improved without increasing the number of
drone bases, we chose a drone network that minimized
response time and number of bases, thereby maximizing
resource utilization. This ideal network, shown as the
point closest to origin (Figure 3), was four drone bases.
These optimal candidate bases improved average response
time by 4 minutes and 38 seconds with a coverage rate
of 64.2%. These bases are in areas with more opioid
overdoses (ie, urban areas), leaving rural areas largely
uncovered by drones due to constraints on flight time and
distance (Figure 4).

DISCUSSION
In this study we evaluated the potential benefit of using

drones to improve time to naloxone delivery in suspected
opioid overdoses. Our analysis found that a mathematical
model can optimize the location and number of bases to
reduce naloxone delivery time compared to historical
ambulance response times. We found that drones not only
improve the average time of naloxone delivery on scene
(Table 2), but also reduce the entire response time
distribution (Figure 2).

Drone delivery of naloxone has the potential to reduce the
time to naloxone administration and theoretically reduce

mortality from opioid overdoses. Our conservative model
demonstrates that drones could be used to deliver naloxone
ahead of ambulances. Compared to ambulances, dronesmay
overcome challenges and delays in reaching private
locations.8 In simulated out-of-hospital cardiac arrests,
drones have reduced response time by 16 minutes compared
to EMS.12

Figure 2.Comparison of response time distributions. The top row demonstrates the distribution of historical ambulance response times. The
second row shows the distribution of estimated response time corresponding to the four-base drone network. The third row shows the
distribution of estimated response time if all candidate bases were chosen as the part of the drone network. (Drone bases are fully deployed.)
Solid vertical lines demonstrate the mean response time. Dashed vertical lines represent the 90th percentile in response time.

Figure 3.Average response time given number of drone bases. This
figure demonstrates the relationship between the number of drone
bases and response time. The red star represents the point closest to
the origin (x-axismust be awhole number). This point corresponds to
the most efficient use of drone resources.
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In our optimized model, the locations of our drone bases
leave the most rural locations to be covered only by
ambulances. Drone networks can cover rural areas.
However, the number of drones needed to cover rural areas
would likely not be economical at the current range of
Federal Aviation Administration (FAA)-rated commercial
drones unless there was a cluster of opioid overdoses where
drones could be stationed nearby. The genetic algorithm did
not directly account for rural/urban differences. Instead, it
focused on covering the maximum number of overdoses, of
which the vast majority occur in urban areas. Thus, our
drone network maximizes our chances of reducing mortality
in opioid overdoses, especially during times of increased
traffic and call volume which can prolong ambulance
response times.

Although all states currently have some form of naloxone
access laws, studies suggest that Blacks are less likely to have
access to naloxone.20–22With Blacks making up 36.9% of the
population in the service area, a drone network has the
potential to provide this lifesaving treatment to those who
may not have equitable access.

LIMITATIONS
Because themodel depended on the estimated incidence of

opioid overdoses in each catchment area, bases in high-call
volume areas will have more drone busy time and require
more drones. However, the remaining parameters were more
conservative, likely leading to an overestimate in drone
network size. We assumed only one drone per base, whereas
in reality multiple drones could be deployed from one base,

Figure 4. Historical opioid overdoses, paramedic station locations, and optimal drone network. This county map demonstrates
locations of historical opioid overdoses (red pentagons). Additionally, it shows the locations of all candidate drone bases (+ signs) and the
optimized drone network (blue+ signs) and its coverage area (area inside blue circles).
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decreasing drone busy time. Drone resources may also be
overestimated because we included dispatches for opioid
overdoses that did not receive naloxone. This small fraction
of cases may be ruled out for future drone deployment.
Additionally, drone technology is progressing rapidly.
With our conservative drone specifications, response
times are likely an overestimate. Furthermore, potential
candidate bases locations such as hospitals and clinics
were not included in the model. Having these
additional locations could further reduce drone
response times.

We additionally used Euclidean distance to set our
coverage area and did not account for FAA regulations on
drone flight paths, which may require a slightly more
circuitous path to bystanders than anticipated by this model.
Further, difficult weather conditions (eg, wind and rain) may
limit the ability to fly drones based on technological
capabilities. Reassuringly, the number of overdose incidents
during these conditions were minimal. Thus, we expect real-
life implementation of drones to not be majorly impacted
by weather.

Lastly, the data we used was incomplete because we did
not have access to data from law enforcement or fire
departments. This may have led to an overestimation of
historical ambulance response times. In addition, data was
based on emergency medical dispatch (EMD) impression of
the chief complaint as a drug overdose. Calls in which EMS
impression was opioid overdose, but EMD impression was
not, may have been missed.We attempted to account for this
difference by including all calls in which naloxone was
administered, regardless of impression. Other opioid
overdose cases may have been unaccounted for due to data
exclusion based on incomplete or suspected inaccurate
documentation on response times. However, because we
excluded only 11.5% of cases based on documentation, the
impact of missing data is likely small.

CONCLUSION
We have established that a drone networkmathematically

optimized in location and number of drone bases would
potentially reduce time to naloxone delivery in opioid
overdoses compared to historical ambulance response times.
Our next steps will be to closely examine the feasibility of
implementing such a drone network by measuring GPS
signals, confirming flight paths, and completing live drone
tests. As drone technology improves and cost decreases,
future utilization of drone networks could help
temporize many emergency medical situations until
EMS arrives.
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Introduction: Persons experiencing homelessness (PEH) use emergency medical services (EMS) at
disproportionately high rates relative to housed individuals due to several factors including disparate
access to healthcare. Limited access to care is compounded by higher rates of substance use in PEH.
Despite growing attention to the opioid epidemic and housing crisis, differences in EMS naloxone
administration by housing status has not been systematically examined. Our objective in this study was
to describe EMS administration of naloxone by housing status in the City of Los Angeles.

Methods: This was a 12-month retrospective, cross-sectional analysis of electronic patient care reports
(ePCRs) for all 9–1–1 EMS incidents attended by the Los Angeles Fire Department (LAFD), the sole
EMS agency for the City of Los Angeles during the study period, January-December 2018. During this
time, the City had a population of 3,949,776 with an estimated 31,825 (0.8%) PEH. We included in the
study individuals to whom LAFD responders had administered naloxone. Housing status is a mandatory
field on ePCRs. The primary study outcome was the incidence of EMS naloxone administration by
housing status. We used descriptive statistics and logistic regression models to examine patterns
by key covariates.

Results: Therewere 345,190EMS incidents during the study period. Naloxonewasadministered during
2,428 incidents. Of those incidents 608 (25%) involved PEH, and 1,820 (75%) involved housed
individuals. Naloxone administration occurred at a rate of 19 per 1,000 PEH, roughly 44 times the rate of
housed individuals. A logistic regression model showed that PEH remained 2.38 times more likely to
receive naloxone than their housed counterparts, after adjusting for gender, age, and respiratory
depression (odds ratio 2.38, 95% confidence interval 2.15–2.64). The most common impressions
recorded by the EMS responders who administered naloxone were the same for both groups: overdose;
altered level of consciousness; and cardiac arrest. Persons experiencing homelessness who
received naloxone were more likely to be male (82% vs 67%) and younger (41.4 vs 46.2 years)
than housed individuals.

Conclusion: In the City of Los Angeles, PEH are more likely to receive EMS-administered naloxone
than their housed peers even after adjusting for other factors. Future research is needed to
understand outcomes and improve care pathways for patients confronting homelessness and opioid
use. [West J Emerg Med. 2023;24(5)831–838.]
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INTRODUCTION
Background

Opioid overdoses have reached epidemic proportions in
the United States (US), and overdose deaths continue to
increase.1,2 Opioid overdose is now among the leading causes
of accidental deaths.3 The incidence of overdose deaths has
increased with the introduction of fentanyl and other
synthetic opioids and the aftermath of the COVID-19
pandemic.1,2,4–6 Although opioid use disorders (OUD) and
other substance use disorders (SUD) affect individuals of all
socioeconomic statuses, persons experiencing homelessness
(PEH) are at particular risk.7–9 In 2021, 9% of all opioid
overdose-related deaths were among PEH.10

The housing crisis is another public health epidemic facing
the US; it has contributed to a rapidly growing population of
PEH with more than 1.5 million individuals experiencing
homelessness each year.11,12 Los Angeles County, which has
one of the highest housing costs and the second largest
population of PEH nationally, is no exception.

Persons experiencing homelessness have higher rates of
chronic medical conditions, substance abuse, and psychiatric
diagnoses, as well as an overall increase in morbidity and
mortality.13–16 Drug overdoses, specifically those associated
with opioids, are a common cause of death in PEH.16–18 In
one Boston-based study, drug overdosewas the leading cause
of death and was responsible for one in three deaths in adults
experiencing homelessness under the age of 45.17 Further,
PEH are less likely to have a regular source of medical care
and have increased emergency department (ED) utilization
and engagement with emergency medical services (EMS).19

Persons experiencing homelessness use EMS at
disproportionally high rates compared to their housed
counterparts. Prior research found that PEH call EMS at a
rate 14 times that of their housed counterparts.20 At the same
time, EMS calls for opioid overdose appear to be on the rise
with naloxone administration occurring on almost half a
million EMS runs over a two-year period.21 As the housing
crisis and opioid epidemic collide, it is important to describe
how housing status affects EMS utilization and prehospital
care for presumed opioid overdose. These findings may lead
to recognition of bias in care, identification of opportunities
for interventions for those with OUD and limited access to
care, and improvement in EMS responders’ education.

Importance
Despite growing attention to the opioid epidemic and

housing crisis, differences in use of 9–1–1 EMS resources for
treatment of presumed opioid overdose by PEH and
subsequent treatment by EMS has not been described.

Goals of this Investigation
The primary outcome of interest in this study was how the

prevalence of EMS administration of naloxone varies by
housing status in the City of Los Angeles. This has important

implications for understanding and addressing public
health disparities at the intersection of housing, opioids,
and poverty.

METHODS
Study Design

This was a 12-month retrospective, cross-sectional
analysis of electronic health records (EHR) for all 9–1–1
EMS incidents attended by the LosAngeles FireDepartment
(LAFD) from January 1–December 31, 2018. Study
design and reporting adhered to best practices per
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) and Reporting of Studies
Conducted using observational routinely collected health
data (RECORD) statements.22,23

Study Setting
The LAFD is the sole entity providing 9–1–1 EMS

responses for the City of Los Angeles, the second most
populous city in the US. The LAFD receives more than one
million 9–1–1 calls and responds to almost 400,000 EMS
incidents annually. The City of LosAngeles spans 480 square
miles and has 3,949,776 inhabitants, with a homeless
population of 31,285 (0.8%).24,25

The LAFD provides EMS care under the guidance of the
LA County EMSAgency and its treatment protocols. At the

Population Health Research Capsule

What do we already know about this issue?
Persons experiencing homelessness (PEH)
have higher rates of chronic medical
conditions and are disproportionately
represented among opioid overdose deaths.

What was the research question?
Does the prevalence of naloxone
administration by emergency medical services
(EMS) vary by housing status?

What was the major finding of the study?
Naloxone was administered at a higher rate to
PEH (19 vs 0.4/1000). The adjusted OR of
naloxone administration was 2.38 times than
that of housed peers (95% CI 2.15–2.64).

How does this improve population health?
These findings can help drive EMS education
and field interventions and identify a target
for community risk reduction in this
vulnerable population.
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time of the study, the treatment protocol for “overdose/
poisoning/ingestion” included intranasal, intramuscular
or intravenous naloxone administration for suspected
opioid overdose with altered mental status and
hypoventilation/apnea.26

Selection Criteria
We included all 9–1–1 EMS calls that resulted in a unique

incident number and a completed electronic patient care
report (ePCR) with documentation of EMS-administered
naloxone during the study period. The LAFD has been using
the same ePCR and EHR system (HealthEMS, Stryker,
Redmond, WA) since 2011. The EHR includes information
from dispatch, the ePCR, and billing information.
Responder impressions consist of 64 standardized options,
which remained stable over the study period.27 Housing
status is a mandatory field on ePCRs. Prehospital EMS
responders are trained to assess the question “Is the patient
homeless?” (yes vs no) on every LAFD-attended 9–1–1 EMS
incident by asking the patient or, if the patient is unable or
unwilling to respond, by applying their best judgment.

Data Extraction
Data was extracted electronically from HealthEMS. We

merged clinical data and EMS responder data using call
number and booklet number, which are unique identifiers.
Cases in which both the service date and call number were
identical were dropped beyond the first instance. A sample of
these cases were checked to ensure they were truly duplicates.
We included cases in which “Narcan” or “Narcan nasal
spray” were listed as medication that was administered
during the incident. We stored all data was stored in a
password-protected electronic spreadsheet (Microsoft Excel;
Microsoft Corporation, Redmond, WA). The authors did
not have access to the study population.

Variable Definition and Modeling
To assess housing status, EMS responders asked each

patient whether they were currently experiencing
homelessness. If the patient was unable to answer, the EMS
responder was instructed to use their best judgment based on
their training.

We chose to define respiratory depression a priori as
bradypnea with a respiratory rate of less than 12 breaths per
minute, based on the LA County EMS Agency protocol and
prior work evaluating prehospital naloxone
administration.28,29 Although respiratory depression may
also present as hypopnea, it is subjective and not reliably
documented in the prehospital care report.

We extracted transport status from the disposition field on
the ePCR. No transport was defined as an entry of “no
transport/refused care,” “treated/no transport,” or “treated/
no transport (AMA).” Transport was defined as an entry
of “treated/transported.”

We modeled these variables as binary: housing status
(currently unhoused yes/no, per EMS responder), identified
as female (yes/no per EMS responder), respiratory
depression (<12 breaths perminutes: yes/no) and transported
(yes/no). The EMS responder’s impression and patient’s age
were modeled as categorical.

The primary outcome was the prevalence of EMS
administration of naloxone by housing status. Secondary
outcomes included incidence of naloxone by patient
characteristics, EMS responder’s impression, and transport
status. We also examined whether disparate rates of
naloxone administration remained robust after controlling
for patient demographic and clinical characteristics in a
regression model.

Analysis
Our analyses used standard procedures for calculating

descriptive statistics for the population of incidents. As our
descriptive analyses were drawn from a complete
compilation of calls rather than a sample, we followed the
standard practice of excluding P-values for evaluating
inferences about whether the sample statistics (eg, sample
means) provided a reasonable estimate of the corresponding
population parameters.

To understand whether the observed effect was
explainable by core clinical or demographic factors, we
performed a logistic regression analysis. Our model included
age categories, gender, and clinical indication of respiratory
depression because these factors were shown to have an effect
in prior literature.20,29 The logistic regression formalized this,
allowing us to test whether observed differences by PEH
status were 1) reducible to clinical need or 2) reducible to
other demographics. The logistic regressions do not provide
a complete model of all possible explanations or establish
causality, but rather help rule out alternative explanations
of scientific and policy significance and to quantify
important effects.

The descriptive statistics used the set of data for
caseswhere naloxonewas administered and forwhichwe had
data on housing status. Regression models provided
information on the magnitude and direction of
demographics and clinical effects on naloxone
administration for the full population of EMS incidents.
These models were used to describe associations in our data,
not imply causality. Missing values were accounted for by
list-wise deletion– a common strategy for large datasets
without high levels of missing data. All data were assembled,
cleaned and modeled in STATA 14 (Stata Corp, College
Station, TX).We produced figures using the ggplot2 package
in R (The R Project for Statistical Computing,
Vienna, Austria).

The study was reviewed and approved as exempt by the
Institutional Review Board of the University of Southern
California (HS-19-00472).
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RESULTS
Of the 345,190 unique, recorded 9–1–1 EMS incidents

during the study period, 2,428 incidentsmet inclusion criteria
(Figure 1). In the 2,428 incidents in which EMS administered
naloxone, 608 (25%) incidents involved PEH, and 1,830
(75%) involved housed individuals. Incidents that resulted in
naloxone administration occurred at a rate of 19 per 1,000
PEH compared to 0.4 per 1,000 housed individuals, or
roughly 44 times the rate of housed individuals (Figure 2).

The study population had a mean age of 45 years (SD
19.4) and was 70.7% male. Of the patients who received
EMS-administered naloxone, PEH were younger (mean
41.4 years [SD 14.1] vs 46.2 years [SD 20.7]) and more often
male (81.9 vs 66.9%). The prevalence of patients who
declined transport was higher for PEH than for housed
individuals (17.3 vs 7.2%). The top threemost common EMS

responder impressions for which naloxone was administered
were the same in both PEH and housed groups: overdose/
poisoning/ingestion, altered level of consciousness and
cardiac arrest (Table 1). Among those patients who received
naloxone, a slightly greater proportion of the housed
individuals were in cardiac arrest when compared to those
experiencing homelessness (6.9 vs 4.3%). This does not
change the primary finding or account for a substantial
portion of the effect. Introducing the cardiac arrest variable
in the model decreases the odds ratio [OR] from 2.38 to 2.35.

The logistic regression shown in Table 2 demonstrates that
even after accounting for key covariates (ie, age, respiratory
depression, and gender), the odds of PEH being administered
naloxone was 2.38 that of housed peers (95% confidence
interval [CI] 2.15–2.64). This is visualized in Figure 3, which
shows the post-adjustment odds of naloxone administration
by group.

This data shows that even after adjusting for gender, age,
and respiratory depression, 1) respiratory depression had the
largest effect on whether naloxone was administered (OR
49.32, 95% CI 45.17–53.873) and 2) PEH had 2.38 higher
odds of receiving EMS-administered naloxone relative to
housed peers. This suggests that while administration
mapped on to clinical factors on average, EMS responders
administered naloxone at higher rates to PEH than to their
housed counterparts irrespective of condition.

DISCUSSION
In this study, PEH in the City of Los Angeles received

EMS-administered naloxone at substantially higher rates
than the housed population. While some of this may reflect
need, PEHwere still over two times more likely to receive the
drug when all else was equal.

Secondarily, PEH who received naloxone tended to be
younger and more often male when compared to their housed
counterparts, although this did not explain the effect. This is
consistent with prior studies documenting EMS utilization by
PEH and the general differences in demographics between

Figure 1. Study flow diagram.
EMS, emergency medical services; PEH, persons experiencing
homelessness.

Figure 2. Naloxone administration rate by population.
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homeless and housed communites.19,20,30,31 However, it is
notable that the mean age of our study population was
younger than the average EMS user in the City of LosAngeles
(45 vs 52 years). This difference is maintained for both
the PEH and housed groups, 46.2 vs 52.6 years and
41.4 vs 46.1 years, respectively, suggesting that those receiving
naloxone may be younger than the general population.20

Persons experiencing homelessness were more than two
times as likely to refuse transport than their housed
counterpart who received EMS-administered naloxone.
However, prior studies in Los Angeles have demonstrated
that overall, PEH were less likely to refuse transport against
medical advice.20 Further, independent of housing status,
refusal of transport was higher in patients receiving EMS-
administered naloxone than overall refusal of treatment and/

or transport against medical advice rate in Los Angeles
during this study period.20 This highlights that there may be
differences in clinical presentation, EMS care, patient-EMS
interaction, and social situations associated with the
management of presumed opioid overdose and OUD.

Our findings describe disproportionately high rates of
administration of naloxone to PEH compared with their
housed counterparts. The logistic regression suggests that
experiencing homelessness is a predictor of naloxone
administration net of other factors. This data highlights the
discrepancy that persists even after controlling for age,
gender, and respiratory status. However, this model does not

Table 2. Odds ratios for selected associations with naloxone
administration.

Variable OR (95% CI)
Adjusted OR

(95% CI)

Homeless 2.61* (2.38, 2.88) 2.38* (2.15, 2.64)

Female 0.65* (0.59, 0.71)

Respiratory depression 49.32* (15.16, 53.87)

Age

0–24 –

25–49 1.11 (0.98, 1.27)

50–74 0.54* (0.47, 0/62)

>75 0.28* (0.23, 0.33)

*P< .01.
OR, odds ratio; CI, confidence interval.

Table 1. Patient characteristics by housing status.

All (N= 2,428) PEH (n= 608) Housed (n= 1,820)

Mean age (years) 45 (SD 19.4) 41.4 (SD 14.1) 46.2 (SD 20.7)

Median age (years) 53 (IQR 37) 47 (IQR 23) 54 (IQR 40)

n % n % N %

Gender

Female 712 29.3 110 18.1 602 33.1

Male 1,716 70.7 498 81.9 1218 66.9

Respiratory depression (RR< 12) 1,136 46.8 302 49.7% 834 45.8

Not transported 236 9.7 105 17.3% 131 7.2%

EMS professional impression1

Overdose/poisoning/ingestion 1,373 56.3 399 66.2% 974 53.6%

Altered level of consciousness 695 28.5 153 25.4% 542 29.8%

Cardiac arrest 154 6.3 27 4.5% 127 7.0%

1For EMS impression, eight charts were missing values (n= 2,420). There were no missing values for gender, respiratory depression,
nor transport status.
PEH, persons experience homelessness; IQR, interquartile range; RR, respiratory rate.

Figure 3. Adjusted odds of naloxone administration.
CI, confidence interval.
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distinguish whether this difference is due to a variation in
clinical presentations or another factor that is leading EMS
responders to administer naloxone when the patient’s
medical emergency is related to an etiology other than opioid
overdose. Future studies are needed to understand the
differences in care provided by EMS to PEH vs housed
individuals and to evaluate patient outcome data. These
findings can help drive future EMS education and field
interventions, and potentially help develop specialized
prehospital programs that focus on opioid overdose and risk
reduction in this vulnerable population.

Although this study does not address patient outcomes, we
must discuss the potential clinical impact of higher rates of
naloxone administration on patient outcomes. Naloxone is a
relatively safe drug. However, there are risks associated with
administering high doses of naloxone given the dose-
dependent relationship between naloxone and pulmonary
edema. A recent prehospital study demonstrated higher rates
of pulmonary complications, such as pulmonary edema and
need for ventilatory support, in cases in which higher doses of
out-of-hospital naloxone were administered.32 Further,
administering naloxone in cases where patients have OUD,
but opioid overdose is not the etiology of their symptoms,
may unnecessarily precipitate acute opioid withdrawal,
vomiting, and aspiration. Finally, administering excessive or
unnecessary naloxone detracts from EMS responders’ ability
to critically assess the situation and treat the primarymedical
emergency. Thus, PEH are at potentially higher risk for poor
outcomes given the higher rates of EMS-administered
naloxone. Further studies are needed that incorporate
patient outcome as well as patient and EMS responders’
experiences to elucidate potential biases in care.

Further, this study identifies a potential target for patient-
centered interventions. Prior studies have suggested that by
increasing access to naloxone, opioid overdose mortality can
be decreased.33–35 However, in California only 6% of local
EMS agencies had EMS-based outreach programs and 9%
oversaw naloxone distribution.36 Given that EMS may be
the first, or only, medical care that an individual receives, this
interaction provides the potential for OUD-related care,
medication-assisted therapy, naloxone administration,
and/or linkage to care. The EMS agency is in a unique
position of having situational awareness and regular contact
with PEH,which can be leveraged to address the needs of this
at-risk population. Through prehospital interventions and
novel care pathways, there may be opportunities to improve
patient outcomes in a more cost-effective and culturally
acceptable manner.

Finally, this study is the first step in describing the
disparities of EMS-administered naloxone by housing status.
Persons experiencing homelessness were administered
naloxone at a substantially higher rate than the population as
a whole (19 vs 0.4 per 1,000 members of the population).
Much of this reflects differences in need. However, our

analyses show that unhoused individuals remained more
than twice as likely as housed peers to be administered
naloxone even after adjusting for clinical and demographic
factors. Future research will be necessary to determine the
cause and scope of these patterns.

LIMITATIONS
Because this was a retrospective observational study it has

limitations inherent to study design and clinical
documentation. The available data is subject to reporting
errors and missing data points. Nor were we able to assess
temporality of the respiratory rate in relation to the patient
receiving naloxone, since the timing of vitals and
interventions were documented by the EMS responders in
retrospect and, therefore, were not precise enough.
Additionally, it is possible that additional clinical
characteristics other than bradypnea impact an EMS
responder’s decision to administer naloxone. Given the
variability in documentation, assessment of neurologic status
and airway compromisewere not included in this analysis but
may have impacted whether a patient received naloxone.
Further, this study relies upon observation data and was not
designed to establish causality. While the effect of
homelessness was not eliminated inmodels adjusting for core
clinical indications or demographics (age, gender), it is
possible that the effect is reducible to latent variables or
confounders that are absent from our data.

Further, homelessness is a complex and sometimes
transient issue. The EMS responders were responsible for
documenting the patients’ housing status. Given the binary
option in the ePCR and the training provided, it is possible
that patients’ housing status could potentially have been
inaccurately coded in either direction. The decision to
document housing status as homeless may be biased by
appearance, environment, presence of paraphernalia, and
even the use of naloxone itself.

Additionally, this study only accounts for naloxone
administration by EMS and does not include naloxone
administered by bystanders or other first responders, such as
law enforcement or street medicine teams. Further, although
this study captures all patients who were administered
naloxone by EMS, it does not capture all patients who may
have had opioid or substance use disorders. Given the
existing body of literature that suggests a high incidence of
SUD, including OUD, in the unhoused population, it is
likely that an even larger number of EMS patients who are
homeless may be experiencing an emergency related to
OUD/SUD even when not explicitly labeled with an EMS
responder’s impression related to overdose or intoxication or
administered naloxone. While this cannot be further
extrapolated due to limitations in the ePCR data, this
relationship has previously been described in the emergency
medicine literature.30 Thus, an even larger number of
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patients could potentially benefit from outreach programs or
other interventions.

Finally, the study was conducted in a single city. As a city
with one of the largest populations of PEH, Los Angeles was
used as a lens to evaluate the evolving situation at the
intersection of the opioid epidemic, the housing crisis, and
EMS. While Los Angeles may have unique characteristics,
prior studies suggest that the demographics of its homeless
population are similar to other major US cities.31 Given
national trends, Los Angeles may serve as a bellwether for
other metropolitan areas in the US.

CONCLUSION
Persons experiencing homelessness in the City of

Los Angeles received EMS-administered naloxone at higher
rates than their housed counterparts, even when accounting
for differences in age, gender, and respiratory depression.
Future research is needed to validate these findings in other
settings and to understand this difference in administration
rates, characterize patient outcomes, and identify potential
targets for alternative care pathways for patients confronting
homelessness and opioid use disorder.
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Introduction: Patients present to the emergency department (ED) relatively commonly with traumatic
closed proximal interphalangeal joint (PIPJ) dislocations, an orthopedic emergency. There is a paucity of
teachingmodels and training simulations for clinicians to learn either the closed dislocated dorsal or volar
interphalangeal joint reduction technique.We implemented a teachingmodel to demonstrate the utility of
a novel reduction model designed from three-dimensional (3D) printable components that are easy to
connect and do not require further machining or resin models to complete.

Methods: Students watched a two-minute video and a model demonstration by the authors. Learners
including emergency medicine (EM) residents and physician assistant fellows assessed model fidelity,
convenience, perceived competency, and observed competency.

Results: Seventeen of 21 (81%) participants agreed the model mimicked dorsal and volar PIPJ
dislocations. Nineteen of 21 (90%) agreed the model was easy to use, 21/21 (100%) agreed the dorsal
PIPJ model and 20/21 (95%) agreed the volar PIPJ model improved their competency.

Conclusion:Our 3D-printed, dorsal and volar dislocation reduction model is easy to use and affordable,
and it improved perceived competency among EM learners at an academic ED. [West J Emerg Med.
2023;24(5)839–846.]

INTRODUCTION
Traumatic dislocations of the proximal interphalangeal

joint (PIPJ) are among the most common types of finger
dislocation. Dorsal dislocation is due to a lateral loading
force with hyperextension leading to disruption of the volar
plate, joint capsule, and composite ligaments leading to a
dorsal dislocation.1–3 Volar dislocations, although much
rarer, do occur and are often caused by compression and
rotation with concomitant PIPJ flexion.4 Despite the
prevalence of this injury within the trauma population, there
are few teaching models available with no published practice
assessment of the model trainers for clinicians.5,6

We provide a simple to print, assemble, and replace dorsal
and volar reduction model created from three-dimensional
(3D) printed components without requiring machining

(Figure 1).7 Our model follows the principle of simple dorsal
and volar dislocation that requires management using the
exaggeration by deformity described by Roberts and Hedges
et al in 1998.8 We developed a workshop to assess the model
by evaluating model fidelity, model convenience, and
clinician competency during a training module.

METHODS
Model Design

We developed a unique, interchangeable PIPJ model to
practice reducing non-fractured PIPJ dorsal and volar
dislocations. Specific details regarding model function and
joint articulation are fully described within Lord 2022 et al.7

We developed a 3D-printed hand model using a palm base
from the open-source Flexy-Hand prosthetic (e-NABLE
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global online community).9 We modified the second and
third fingers to function as a dislocated PIPJ in closed
complex dorsal dislocation (Figure 2.1–3) with reduction
achieved by the exaggeration of deformity method, and the
fourth and fifth fingers to function as a dislocated PIPJ
in closed volar dislocation (Figure 2.4–6). The fingers are
also detachable for reconfiguration and easy
replacement (Figure 3).

Supplies
For model design we used Rhinoceros V6 software

(McNeel and Associates, Seattle, WA), Ultimaker Cura
version 4.9.0 G-CODE software (Ultimaker, Utrecht,
Netherlands), a Creality Ender 3 3D printer (Creality,
Schenzhen, China), and 1.75mm PLA filament (Hatchbox,
Pomona, CA). Specifically for the joint apparatus we used a
single #6–32 × 1–1/2in machine screw, two #6 flat washers,
and four 5/32 neoprene washers from a hardware store,
which we cut to size with a razor blade (Figure 4). The
apparatus was hand tightened for added stability. Table 1
provides a breakdown of costs.

Print Configuration
The entire print takes 33 hours and 25minutes if each part

is printed separately, with each finger taking 3 hours and 28
minutes (proximal, middle, distal, pin, and hinge). An entire
hand requires the production of four proximal, four middle,
and four distal finger components, along with eight pins and
four hinge connectors along with a single palm and single
thumb. The properties of all printed components are
included in Table 2. The.stl print is available, open
source, at https://grabcad.com/library/proximal-
phalanx-traction-model-1. We provide a step-by-step
assembly of the dorsal dislocation and volar dislocation.
Supplemental file 4 includes how to use Cura

Ultimaker software to upload your.stl file and assign
your printer.

Model Assembly
The following figures show the stepwise assembly of both

the dorsal dislocation and volar dislocation (Figure 3). A
step-by-step video assembly of the dorsal PIPJ reduction is

Population Health Research Capsule

What do we already know about this issue?
Dorsal joint reductions are common
orthopedic emergencies, yet there are few
training models for clinicians.

What was the research question?
Does a novel low-cost, high-fidelity model
dorsal joint reduction model improve
competency?

What was the major finding of the study?
100% of participants agreed the dorsal
proximal interphalangeal joint model (PIPJ)
and 95% agreed the volar PIPJ model
improved competency.

How does this improve population health?
An affordable education model enables
medical trainees to learn the PIPJ dislocation
reduction technique and, therefore, provide
better patient care.

Figure 1.Proximal interphalangeal joint (PIPJ) complex dorsal dislocation with “exaggeration of deformity”method of the second finger (1A),
hyperextension of the PIPJ (1B), and reduction back to the neutral position (1C). PIPJ volar dislocation of the fifth finger (1D), flexion reduction
position of the PIPJ (1E), and reduction back to the neutral position (1F).
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available at (https://youtu.be/TkEyc3R2p9s) and volar PIPJ
reduction (https://youtu.be/_MCwHHbP-Sk). An exploded
assembly model is described in Lord et al 2022.7

Study Design
This was a prospective observational study performed

at a single, Level I trauma center emergency medicine
(EM) residency program during the months of November
2021 and March 2022. All study participants were current
EM residents and physician assistants, who were given
a live demonstration of how to perform a volar and
dorsal reduction by the exaggeration method on the

provided teaching model [https://www.youtube.com/watch?
v=i1XPiA3GYmQ]. Participants were assessed for
observed competency using a stepwise assessment, and they
in turn assessed the model’s fidelity and convenience, as well
as their perceived competency. (See supplemental 1,
supplemental 2, and supplemental 3.)10,11 Participants were
not assessed for previous competency. Institutional review
board approval was granted for an anonymous survey of an
educational experience with dissemination of survey results
for publication.

Workshop
Following the demonstration, participants were assessed

for observed competency. The total teaching section took
place during a 90-minute scheduled period within residents’
protected educational time. Participants were given two
attempts to practice both the volar and dorsal dislocation
model before assessment attempt. Procedural steps were
scored based on whether the task was completed or there was
hesitancy or omission/failure. We determined that hesitancy
would be defined as a pause >3 seconds. Omission was
defined as skipping a step, and we defined failure as
inappropriately deforming or breaking themodel. Following
the workshop, participants were asked to complete a short
survey using a six-point Likert scale (5 strongly agree,
4 agree, 3 neutral, 2 disagree, 1 strongly disagree,
non-applicable) pertaining to questions regarding model
fidelity, convenience, and competency.11 The workshop
director was available for questions after the participants
attempted the model and completed the questionnaire and
was available to rebuild the model if participants could not
do so themselves.

RESULTS
During the study period a total of 21 participants

comprising 19 residents (six postgraduate year [PGY] 1,

Figure 2. Proximal interphalangeal joint (PIPJ) complex dorsal
dislocation with exaggeration of deformity method of the second
finger (2.1), hyperextension of the PIPJ (2.2), and reduction back to
the neutral position (2.3). PIPJ volar dislocation of the fourth finger
(2.4), hyperflexion reduction position of the PIPJ (2.5), and reduction
back to the neutral position (2.6).

Table 1. Itemized list of model components including cost.

Item Brand Size Unit cost ($) Total cost

Machine screw Everbilt #6–32 × 1–1/2 in 0.42 4.98

Flat washer Everbilt #6 0.36 4.36

Machine screw nut Everbilt #6–32 0.11 1.28

Neoprene washer Everbilt 5/32in 0.24 0.98

Razor blade Stanley n/a 1.97 1.97

1.75mm filament 1kg Hatchbox n/a 22.99 22.99

Rhinoceros V6 software McNeel and Associates n/a 195.00 195.00

Ultimaker Cura software Ultimaker n/a Free Free

G-CODE software Ultimaker n/a Free Free

Creality Ender 3 3D printer Creality n/a 179.99 179.99

Total Costs 411.55
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seven PGY 2, and six PGY 3) and two physician assistant
fellows completed both the dorsal and volar PIPJ reduction
model. All participants consented to allow use of their data
for research purposes. Data analysis was performed with
Excel 2006 (Microsoft Corp, Redmond, WA). Figure 4
provides a graphical representation of model feasibility,
convenience, and perceived competency.

Model Feasibility
All 21 participants were included in the feasibility

portion. Nineteen of 21 (95%) agreed the joints were

palpable on exam; 2/21 (5%) did not answer the question.
Seventeen of 21 (81%) participants either agreed or strongly
agreed that the model mimicked a dorsal proximal
interphalangeal joint (dPIPJ) dislocation, and 17/21 (81%)
agreed or strongly agreed it mimicked a volar proximal
interphalangeal joint (vPIPJ) dislocation. Also, 13/21 (62%)
and 12/21 (57%) agreed or strongly agreed that tension
required for successful joint reduction of the dPIPJ and
vPIPJ was realistic. Seventeen of 21 (81%) participants
agreed the model mimicked a dorsal and volar PIPJ
dislocation. Nineteen of 21 (90%) agreed the model was

Table 2. Properties of all printed components.

Item Print time
Filament
weight (g)

Filament
length (m)

Wall thickness
(mm)

Top/bottom
thickness (mm) Infill%/type

Layer
height (mm)

Palm 18 hours 42 min (134g) 45m 0.8mm 1.0mm 50%/Cubic 0.2mm

Proximal 1 hour 23 min 8g 2.81m 0.8mm 1.0mm 50%/Cubic 0.2mm

Middle 1 hour 5 min 6g 2.01m 0.8mm 1.0mm 50%/Cubic 0.2mm

Distal 33 min 4g 1.36m 0.8mm 1.0mm 50%/Cubic 0.2mm

Pin 6 min <1g 0.13m 0.8mm 1.0mm 50%/Cubic 0.2mm

Hinge 15 min 1g 0.27m 0.8mm 1.0mm 50%/Cubic 0.2mm

Thumb 1 hour 51 min 11g 3.74m 0.8mm 1.0mm 50%/Cubic 0.2mm

g, gram; m, meter; mm, millimeter.

Figure 3. 3.1. Shows all component parts of the dorsally dislocated finger (lateral view). 3.2. Dorsal view. 3.3. Place pin and align the central
opening with openings in the middle and proximal finger portions. 3.4. Modified neoprene washer cut ¼ in x ¼ in. 3.5. Load two neoprene
washers and amachine screw nut. 3.6. Load the screw dorsally through the pin. 3.7. pass screw through pin in proximal phalanges as shown
and attach screw nuts in this position. 3.8. Place in the reduced position to check resistance. 3.9. Shows all component parts of the volar
dislocated finger (lateral view). 3.10. Dorsal view. 3.11. Modified neoprene washer cut ¼ in x ¼. 3.12. Load two neoprene washers and
machine screw nut. 3.13. Load the screw ventrally through the pin. 3.14. Pass screw through pin in proximal phalanges as shown and
3.15. attach screw nuts in this position. 3.16. Place in the reduced position to check resistance.
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easy to use, and 100% agreed the model improved
their competency.

Convenience
All 21/21 participants were included in the convenience

portion. Nineteen (90%) agreed or strongly agreed that the
model was easy to use. Of the participants who had practiced
on a finger reduction model before, 6/10 (60%) agreed or
strongly agreed this model was easier to use, 4/21 (19%)
thought the model was neutral or no different in use
compared to other models, and 11/21 (52%) selected
“non-applicable” as they had no model to compare. Six of
the 21 participants (29%) did not have to replace components
during their testing and, thus, they responded “non-
applicable” to the question.

Perceived Competency
All 21/21 participants were included in the perceived

competency portion. Twenty-one (100%) agreed the dPIPJ
model improved their competency in dPIPJ reduction
technique. Nineteen (95%) agreed the vPIPJmodel improved
their competency in vPIPJ reduction technique. Nineteen
(95%) agreed the model is adequate for training
EM staff.

Observed Competency
All 21 participants were included in the observed

competency portion (Figure 5). In both the volar and dorsal
reduction groups, all participants placed the hand in a prone

position, palpated the deformity and stabilized the joint
prior to reduction using the correct practice without
hesitation. Fifteen of 21 (71%) performed correct
hyperextension and hyperflexion without hesitation, and
6/21 (29%) performed hyperextension and hyperflexion but
with hesitancy. In the dPIPJ dislocation, 17/21 (81%)
performed traction/countertraction correctly and without
hesitation, 2/21 (10%) performed traction/counter traction
correctly but with hesitancy, and 2/21 (10%) performed
traction/countertraction incorrectly resulting in
detachment of the metacarpal-phalangeal joint from the
handmodel. In the vPIPJ dislocation, 19/21 (90%) performed
traction/countertraction correctly without hesitancy. Two of
21 (10%) performed traction/countertraction correctly but
with hesitation.

DISCUSSION
This is the first low-cost, high-fidelity PIPJ reduction

model published in the medical literature describing a
reproducible fidelity study. The model has removable and
replaceable components without the requirement of resin
mold production or machining. This model also provides
appropriate competency training in a low-stress, teaching
environment for learners. The model provides convenience
regarding assembly, replacement, and use. The model
mimics real-life dPIPJ and vPIPJ simple dislocations and
shows both perceived and observed competency with
practice. With few misapplications/omissions noted
during the observed performance, our model avoids the

Figure 4. A graphical representation providing interpretation of model convenience, feasibility, and perceived training competency.
vPIPJ, volar proximal interphalangeal joint; dPIPJ, dorsal proximal interphalangeal joint.
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“fidelity trap” (assuming participants “learn in proportion to
the level of realism”) that can occur with high-fidelity
teaching models.12,13

Our design not only depicts a dislocation, but it also
requires anatomically correct motions to successfully reduce
the joint into the correct position. The unique articulation
surfaces prevent “cheating,” enable learners to experience the
significant tension and pressure needed to successfully reduce
the joint and allow for an easy reset to the dislocated position
for the next participant. Our model provides improvement
over currently available products due to tested repeatability,
relative affordability, and a unique joint apparatus to prevent
incorrect technique. It is the first model of its kindmade from
reusable, replaceable 3D-printed components from a
personal 3D printer and easily available components from
a hardware store.

Future studies will focus on addressing limitations,
specifically creating a more realistic finger cover to better
replicate the procedure or trialing different silicone
thicknesses without adding significantly more construction
requirements for the trainee. While the silicone covering
we chose was an affordable option, it often caught itself
in the joint making the reduction attempt impossible.
Other anticipated model innovations include testing and
refining appropriate force requirements during reduction,
ideally using a quantitative force transducer. Further
studies are needed to assess different clinician groups who
perform this procedure including prehospital medical
services, military personnel, more senior emergency
clinicians, and non-emergency clinicians including
orthopedic and plastic surgeons.

Three-dimensional anatomical learning has been shown to
be a more effective studying tool compared to 2D
technologies.14 Further, 3D teaching models are noninferior
to cadaveric teaching, are often cheaper, and potentially
more accessible.15–17 Simple and even complex joint
reductions can be performed out of hospital, and studies have
shown the relative ease and safety of prehospital joint
reductions.18–20 Procedural training using high-fidelity
teaching models provides trainees with non-inferior
procedural training in the absence of expensive mannequins.
A recent meta-analysis found that operative time and
complication rates improved when using 3D models for
surgical planning, and a large multispecialty review
highlighting the role of 3D printing in complex medical
procedural planning and training showed improved
competency.21,22 There is a growing field in preoperative
planning in orthopedic oncology, and orthopedic
trauma surgery.23–25

LIMITATIONS
The model does have limitations. Namely, there are no

models available for purchase nor are there published
training models to compare.5,6 Therefore, while participants
deemed the model easy to use, we could not objectively
compare feasibility, competency, and convenience to other
models. The model also takes time to assemble due to the
intentional metacarpophalangeal joint dislocation
mechanism and assembly by non-machined parts. While
most participants believed the model represented a realistic
PIPJ dislocation, to maintain stability we reduced the degree
of rotational displacement of the dislocated joint, therefore

Figure 5. Observed competency of the volar proximal interphalangeal joint (PIPJ) reduction model and dorsal PIPJ reduction model.
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reducing model fidelity. Furthermore, our dorsal
dislocation model is more applicable when there is a bayonet
deformity (ie, when the condyle of the proximal phalanx
is no longer in contact with the base of the middle phalanx).
In the absence of bayonetting, the degree of hyperextension
that the model requires is not always needed in the
clinical setting.

While the joint apparatus was functional it was difficult to
use and articulate with the purchased silicone coverings; half
the participants asked to remove the silicone finger cover prior
to participating in the evaluation; thus, learners were unable to
practice in the environment of a truly closed dislocation.While
we attempted to assess observed competency, we did not
compare outcomes between those who had reported
performing a dorsal dislocation reduction (7/21) (33%) or
volar dislocation reduction (2/21) (10%). Due to the relatively
small sample size of this study, we did not ask about total
number of attempted live reductions or success rate of
attempted live procedures. Further, with the small sample
size and with most participants being residents, this study
lacks generalizability.

While printing of the model was replicable, a general
knowledge of CuraUltimaker software is needed to complete
the print, which for the non-engineers among the authors,
took two hours of online tutorial instruction to understand
and be self-sufficient. This may not be an accurate length of
time required to learn the software as we did not assess this in
our study.

Of the participants who did not agree or strongly agree
that the tractionwas realistic, 40% attributed this to believing
the tension was too tight. We did not confirm whether this
was the reason two participants did not agree the model
was easy to use, nor whether the reason four participants
did not agree or strongly agree the model mimicked vPIPJ
and dPIPJ dislocations.

We did not use a quantitative force transducer as we could
not find a simple way to incorporate it into the study model.
It would be extremely beneficial to further refine the device to
achieve more accurate representation for forces required for
reduction. Also, it should be noted that 8/21 (38%)
documented “non-applicable” for the convenience
question—“The PIPJ model is easy to assemble”—even
though each participant had to attach the fingers to the hand
model prior to use.

CONCLUSION
Our unique proximal interphalangeal joint dislocation

model provides a reproducible, easy-to-print product that
can be used within the learning environment to train
practitioners. The model is easy to assemble and provides a
joint articulation to train learners for both dorsal and volar
PIPJ dislocations.
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Objectives:Prior research has demonstrated that men andwomen emergencymedicine (EM) residents
receive similar numerical evaluations at the beginning of residency, but that women receive significantly
lower scores than men in their final year. To better understand the emergence of this gender gap in
evaluations we examined discrepancies between numerical scores and the sentiment of attached
textual comments.

Methods: This multicenter, longitudinal, retrospective cohort study took place at four geographically
diverse academic EM training programs across the United States from July 1, 2013–July 1, 2015 using a
real-time, mobile-based, direct-observation evaluation tool. We used complementary quantitative and
qualitative methods to analyze 11,845 combined numerical and textual evaluations made by 151
attending physicians (94 men and 57 women) during real-time, direct observations of 202 residents
(135 men and 67 women).

Results:Numerical scores weremore strongly positively correlated with positive sentiment of the textual
comment for men (r= 0.38, P< 0.001) compared to women (r=−0.26, P< 0.04); more strongly
negatively correlated with mixed (r=−0.39, P< 0.001) and negative (r=−0.46, P< 0.001) sentiment for
men compared towomen (r=−0.13,P< 0.28) formixed sentiment (r=−0.22,P< 0.08) for negative; and
womenwere around 11%more likely to receive positive comments alongside lower scores, and negative
or mixed comments alongside higher scores. Additionally, on average, men received slightly more
positive comments in postgraduate year (PGY)-3 than in PGY-1 and fewer mixed and negative
comments, while women received fewer positive and negative comments in PGY-3 than PGY-1 and
almost the same number of mixed comments.

Conclusion: Women EM residents received more inconsistent evaluations than men EM residents at
two levels: 1) inconsistency between numerical scores and sentiment of textual comments; and
2) inconsistency in the expected career trajectory of improvement over time. These findings reveal
gender inequality in how attendings evaluate residents and suggest that attendings should be trained to
provide all residents with feedback that is clear, consistent, and helpful, regardless of resident gender.
[West J Emerg Med. 2023;24(5)847–854.]
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INTRODUCTION
Although women now graduate from medical school at

the same rate as men,1 they remain underrepresented in
academic medicine.2 The greatest attrition of women from
academic medicine occurs directly after residency,1 pointing
to the importance of gender dynamics taking place within
graduate medical education to the production of long-term
inequality in men’s and women’s medical careers. Several
recent studies have examined how gender bias in residency
may have consequences for women’s pursuit of academic
careers and persistence in academic medicine.3–6 Medicine is
a male-typed field3,7: even as women are increasingly
represented among physicians, there are still strong
cultural associations between men and the role of doctor,
which can lead to implicit bias against women physicians.8

Associations between men and doctoring may be
particularly strong in emergency medicine (EM),
which is among the most male-dominated
medical specialties.9,10

A recent study from our group found that a gender gap in
Accreditation Council for Graduate Medical Education
(ACGME) milestone attainment appears to emerge over the
course of EM residency, with attendings scoring male
residents higher than female residents.5 This attainment gap
was not dependent on the gender of the attending physician
doing the evaluation, or the gender pairing between the
attending and resident.5 Research building on this study has
used the textual comments attached to numerical scores to
unpack how gender bias may have influenced attendings’
numerical scores. Qualitative studies analyzing the textual
comments attached to attendings’ numerical scores of
resident performance have found that EM faculty give
women residents less consistent feedback,6 feedback that is
more focused on personality than clinical competence,6

harsher criticism,3 and less helpful and reassuring feedback3

than to males.
While our prior work focused on either numerical or

textual evaluations, with this study our goal was to examine
concordance between numerical scores and textual
comments to better understand gender gaps in resident
evaluations in the emergency department. Does gender bias
influence how attendings physicians assign residents
numerical scores? Greater discordance between textual
comments and numerical scores for women than men
suggest gender bias may shape the way feedback is provided,
which in turn may contribute to the established
gender gap in evaluations and may harm
resident education.

METHODS
We conducted a mixed methods analysis of textual and

numerical ACGME milestone-based evaluations of EM
residents by attending physicians.

Data Collection
We collected study data from four geographically diverse,

three-year ACGME-accredited, EM training programs at
university hospitals between July 1, 2013–July 1, 2015.
Training programs were included in this study if they had
adopted InstantEval V2.0 (Monte Carlo Software LLC,
Annandale VA), a direct-observation mobile app for
collectingACGMEmilestone evaluations, and if they enabled
faculty to leave both numerical and textual evaluations.

We analyzed a total of 11,845 evaluations by 151
attendings (94 men and 57 women) of 202 residents (135 men
and 67 women) across all three years of residency. Each
evaluation consisted of a numerical ACGME Emergency
Medicine Milestone Project-based performance level
(1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, or 5) on 1 of 23 possible individual
EM subcompetencies,11 along with an optional text
comment (limited to 1,000 characters). The application
presented faculty members with descriptors of individual
milestones and the meaning of numerical performance levels
as they performed the evaluation. Faculty were supposed to
assess one milestone per evaluation. A score of 1 was to be
assigned in cases where the resident performed at the skill
level expected of an incoming resident; 2 when the resident

Population Health Research Capsule

What do we already know about this issue?
A gender gap in ACGME milestone
attainment emerges over the course of
Emergency Medicine (EM) residency, such
that women receive significantly lower scores
than men in their final year.

What was the research question?
Does resident gender influence how attending
physicians score residents on ACGME
milestone-based evaluations?

What was the major finding of the study?
Male residents received more evaluations
where the numerical score and sentiment of
the textual comment matched than female
residents.

How does this improve population health?
This study identifies biases and gender
inequalities in EM workforce training.
A representative and well-trained EM
workforce likely improves patient care
and outcomes.
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was improving but not yet performing at mid-residency level;
3 when the resident had mastered most of the skills expected
of a graduating resident; 4 when the resident was performing
at the skill level expected of a graduating resident; and 5when
the resident was performing beyond the level expected of a
graduating resident.11 Most programs encouraged 1–3
evaluations per shift, but faculty could choose when to
complete evaluations, whom to evaluate, and how many
evaluations to complete.

Data Analysis
Our analytic strategy combined complementary

quantitative and qualitative methods.12 Quantitative
methods allowed us to identify broad patterns in comment
type and scores across our data, while we used qualitative
methods to confirm that the mechanisms suggested by the
quantitative methods (ie, inconsistent evaluations) were
explicitly apparent in the comments received by the actual
residents in our data.

First, all textual comments from all four hospitals were
qualitatively coded in NVivo 12 (QST International,
Burlington, MA), a qualitative analysis software package.
Four team members conducted focused coding of comments
for positive (containing only praise), negative (containing
only criticism),mixed (both positive and negative), or neutral
(containing neither praise nor criticism) tone and content.
See examples in Table 1. To ensure consistency, at least two
of four team members coded every comment, and any
discrepancies between codes were discussed by all four team
members until a consensus was reached. Information about
residents’ and faculty members’ gender was hidden during
qualitative coding to prevent confirmation bias. This process
was imperfect since some comments included gendered
pronouns or names of residents. While we tried using
sentiment analysis techniques to identify valence, we found
that the standard techniques did not capture the true valence
of the words in our data. For example, patient is considered a
positive word (as in the adjective related to patience) in most
sentiment dictionaries, but it is a neutral word in our data

(noun patients). We thus found hand-coding the most
reliable and accurate method to identify comment valence.

In our second, quantitative step, we calculated the total
number of comments for each valence type and the overall
average score across all comments for each resident in all four
hospitals. To measure the relationship between comment
valence and numerical score, we correlated the total number
of positive, mixed, and negative comments with average
score by resident gender, reporting the Pearson correlation
coefficient and its associated P-value as an indication of the
magnitude and significance of the correlation. To measure
comment type over the course of residency training, we
counted the number of positive, mixed, and negative
comments by resident gender and by their year in the
program and tabulated the average counts by resident gender
in all four hospitals.

Third, we conducted a final round of detailed qualitative
coding to assess whether patterns in the quantitative results
were likely to be meaningful to residents. During this stage,
we focused on a single hospital site chosen because it was the
largest (in terms of number of attendings, residents, and
evaluations) of the four sites in our dataset. All examples of
comments in the text come from this single site. Three team
members coded all 3,120 text comments from this site as
either consistent or inconsistent with numerical score.
Consistency was defined as a fit in sentiment between textual
comments and numerical scores, eg, a positive comment was
attached to a higher-than-average numerical score, and
inconsistency as a misfit. Three analysts conducted a single
round of coding on PGY-3 data from the other three
hospitals to ensure this one hospital was not idiosyncratic
and found it was not.

All names used in the text are pseudonyms to protect
confidentiality. Since numerical scores have different
meanings for residents at different stages of training, we
present qualitative examples of PGY-1 residents in the results
for the sake of simplicity. This study was approved as exempt
research by the University of Chicago Institutional
Review Board.

Table 1. Definitions of Positive, Negative, Mixed, and Neutral Codes.

Code Definition Example

Positive Comment contains praise of
resident and no criticism

Resident is truly above his level of training. He is complete and thoughtful in his
treatment of patients and understands the overall goal. Performed very well with a
difficult intubation.

Negative Comment contains criticism of
resident and no praise

I hope that this is the first rotation in the ED, otherwise he is cleary runing behind his
peers. Needs a lot of prompting, lacks of initiative and insight, looks scared, poor follow
up on his own patients. Performance below average.

Mixed Comment contains both praise
and criticism

Good data gathering, but needs to work on differtial diagnosis. Also, instaead of asking
questions needs to take some responsability to figure things out, look things up.

Neutral Comment contains neither praise
and criticism

Worked to place ultrasound guided lines this month.
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RESULTS
We found that attendings’ assessments of female residents

were less consistent than those of male residents.
Inconsistency occurred at two levels: 1) inconsistency
between numerical scores and textual comments; and
2) inconsistency in the expected career trajectory.

1. Inconsistency between numerical score and textual
comment

We found that for both men and women residents, there
was a positive correlation between average evaluation score
and the number of positive comments the resident received,
and a negative correlation between the average score and
number of mixed and negative comments. However, this

relationship was stronger for comments of all valences for
men, with a Pearson correlation coefficient of 0.26 (and a
P-value< 0.04) for positive comments and score for women
compared to 0.38 for men (<0.001), −0.22 (<0.08) for
negative comments and score for women and −0.46 (<0.001)
for men, and −0.13 (<0.28) for mixed comments and score
forwomen compared to−0.39 (<0.001) formen. Forwomen,
the correlation between mixed and negative comments and
score was not statistically significant (see Figure 1).

In-depth qualitative analysis from one hospital revealed
that textual comments that matched numerical scores
provided clarity as to what residents were doing well and
where they needed to improve. Consider the following
positive comment written by attending Steven for resident

Figure 1. Scatter plot with regression line, correlation coefficient (and P-value) for number of comments and mean score, by resident gender
and comment type at four hospitals.
Note: r is Pearson correlation coefficient (and P-value), by resident gender and comment type. The shaded ribbons represent the 95%
confidence interval.

Table 2. Descriptive statistics by postgraduate year and resident gender in four hospitals.

PGY1 PGY2 PGY3

Women Men Women Men Women Men

34 71 43 79 33 70

Number of residents
evaluated Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Number of
Comments
per Resident

37 22 36 17 35 21 39 21 32 22 34 19

Positive Comments
per Resident

29 18 25 14 27 16 31 18 23 18 27 17

Mixed Commments
per Resident

5 5 7 5 5 5 5 5 4 5 3 4

Negative Comments
per Resident

3 5 3 4 3 4 2 3 1 3 1 2

Score by Resident 2.3 0.2 2.3 0.2 2.7 0.2 2.7 0.2 2.9 0.3 3.0 0.3

Note: Our unit is resident/year. These numbers include duplicate counts of residents who were evaluated over multiple years. There were 64
residents who were evaluated in both their first and second years of the program, and 64 who were evaluated in both their second and third
years, for a total of 330 resident/year units and 202 unique residents.
PGY, postgraduate year.
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Eugene: “Really continues to come along nicely. Good
follow up and follow through for results, status, and
disposition.” This comment was associated with a numerical
score of 3.5 out of 5, indicating that Steven thought that
intern Eugene was performing at mid-residency level.

Conversely, men received lower average scores when they
received more negative comments compared to women
across all four hospitals in our sample (Figure 1), again
indicative of greater consistency in their feedback from
attendings. In our qualitative analysis of a single site, the
following comments made by attendings Michael and Greg
for residents Zander and Spencer, both of which were
accompanied by a numerical score of 1 of 5 (the lowest
possible numerical score, indicating that residents were not
yet performing at the level expected of an incoming intern),
were typical of consistent negative feedback.

• “As we discussed during and after shift, reviewing the
electronic medical record can provide significant useful
information to guide your management. Take a few
moments to look for discharge summaries or recent ED
visits.” (Michael for Zander)

• “Continue to work on building a list of differentials for
each patient. This will help you not only figure out what
studies you want to order but also what questions you
need to ask to help narrow it down.” (Greg for Spencer)

On the other hand, attendings were more inconsistent in
how they assessed women’s performances, assigning them a
higher number of numerical scores that mismatched their
textual comments. Our qualitative analysis showed that
when it came to positive comments with low scores,
attendings often simultaneously communicated that women
were succeeding and failing at the same skill. For instance,
attending Harrison wrote about intern Josie, “Managed a
patient well with cuts and abrasions, sutures small lac,
seemed to have reasonable skills for her level.” While this
comment containsmodest praise for Josie’s ability tomanage
wounds, Harrison assigned Josie a score of 1 of 5 for this
comment, a rating meant to indicate a lower-than-intern
skill level.

This pattern was similar for positive scores assigned to
negative comments. In one typical example, attending
Megan gave residentKendall a score of 3 of 5, indicating that
she was performing at mid-residency level in intern year, but
criticized her ability to formulate a plan for patient care,
stating, “Seems to hesitate with forming final plan/dispo for
patient, presents patient knowing the problem but doesn’t
always have a clear plan of care in mind.” Similarly,
attending Allison told resident Jade, “Needs to start taking
[the] next step forward. ‘I’m just an intern’ will not play for
much longer.” Despite this criticism, Allison assigned her a
3.5 of 5, indicating that her abilities were well above
intern level.

Our data suggests that ≈11% more women than men
(26 of 67 women, and 42 of 135 men) received overall
“inconsistent” feedback between textual comments and score,
measured by residents receiving a higher-than-average
number of comments by comment valence and either a lower-
than-average score (for positive comments) or a higher-than-
average score (for mixed and negative comments).

2. Inconsistency in expected career trajectory
The ACGME EM guidelines outline a clear trajectory

whereby residents are expected to gradually improve over the
course of residency through the attainment of skills in 23
subcompetencies. Their recommendations for assigning
numerical scores to resident progress reflect this idea of linear
progress over time.

Our analysis shows that men and women residents’
numerical scores are consistent with this expected pattern.
Attendings gave both male and female residents higher
numerical scores for their performance in PGY-3 (men
received an average score of 3.0 and women 2.9) than in
PGY-1 (both men and women received an average score of
2.3). Figure 2 visualizes the different patterns in textual
sentiment for men and women residents from PGY-1 to
PGY-3. Male residents received more negative and mixed
comments in PGY-1 (an average of three negative comments
and seven mixed comments) than in PGY-3 (one negative
and three mixed), when they received a larger portion of
positive comments. (Men received an average of 25 positive

Figure 2. Mean number of comments by resident gender, postgraduate year, and comment type at four hospitals.
PGY, postgraduate year.
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comments in PGY-1 and 27 in PGY-3.) Although male
residents appear to be assessed more harshly than their
female peers in PGY-1 in that they receivemore negative and
mixed comments, their trajectory over time is consistent with
expectations of improvement as one advances through
residency. Female residents, on the other hand, received
more positive comments in PGY-1 and fewer in PGY-3 (an
average of 29 positive comments in PGY-1 and 23 in PGY-3)
while they received almost the same number of mixed
comments on average in PGY-1 and PGY-3 (five compared
to four). Both men and women received fewer negative
comments in PGY-3 (one compared to three in PGY-1),
although the number of negative comments overall
is low.

DISCUSSION
Our goal for this study was to examine the relationship

between numerical and textual performance evaluations for
EM residents to shed light on the findings of a prior
quantitative study5 that demonstrated a gender gap in
milestone attainment during EM residency. To do this, we
used complementary quantitative and qualitativemethods to
analyze 11,845 numerical and textual evaluations made by
151 attending physicians during real-time direct observations
of 202 residents. We identified two forms of inconsistency
between numerical scores and textual performance
evaluations that may have relevance to women’s lagging
numerical scores on ACGME milestones and to gender
inequality in residency.

First, the data revealed that women’s numerical scores
were less consistent with the sentiment of their textual
comments than those ofmen.Women residents in our sample
were more likely to receive positive comments alongside
lower scores, and negative or mixed comments alongside
higher scores. Second, the data showed that textual
comments for women, but not men, were inconsistent with
the expected EMcareer trajectory of improvement over time.
On average, men received slightlymore positive comments in
PGY-3 than in PGY-1 and fewer mixed and negative
comments, while women received fewer positive and negative
comments in PGY-3 than PGY-1 and almost the same
number of mixed comments.

Inconsistent performance evaluations are worthy of
attention for several reasons. First, inconsistent evaluations
may harm women residents’ development as physicians.
Critical feedback, when constructive, can be a source of
valuable advice for improving one’s performance.13,14 Our
qualitative findings demonstrate that consistency between
numerical score and textual comment can offer useful
information to residents by providing a clear explanation of
why they earned a particular score and, on occasion,
actionable feedback about how to improve in the future.
Inconsistent feedback could be a barrier to learning from

errors and to developing skills as a physician, especially in the
earlier stages of residency, and could ultimately contribute to
the gender gap in ACGME milestone attainment that
emerges over the course of residency.5

Additionally, inconsistent evaluationsmay harmwomen’s
confidence in their ability as physicians and/or their
commitment to academic medicine. Several studies suggest
that women in medicine suffer from imposter syndrome, the
psychological phenomenon whereby people doubt their
abilities even in the face of evidence of their own success.15,16

Inconsistent feedback could be a factor that contributes to
gender disparities in feelings of imposter syndrome during
residency: If women encounter more praise that is combined
with criticism, this could foster doubt in their abilities as
physicians. Further, prior research from the social sciences
shows that confidence in one’s skills is critical for the
persistence of women inmale-typed professions like EM.17,18

Inconsistent feedback could be something that contributes
to women’s attrition from academic EM, which occurs at a
higher rate than that of men.19 The fact that women in our
sample received fewer positive textual comments as they
progressed from PGY-1 to PGY-3 may also be
something that harms their confidence and that could
have a broader impact on their careers. Computational
simulations have suggested that even very small biases in
everyday interactions, such as those we find here, can
compound in complex systems to produce much larger
patterns of inequality in organizations.20 Further study is
warranted to examine the connection between inconsistent
evaluations and attrition from medical careers, whether
through imposter syndrome or another mechanism.

This study provides further support for the idea that
gender bias contributes to the gender gap in evaluations by
showing that attending physicians evaluate residents
differently based on gender, with a bias in favor of men, even
in the context of objective criteria such as the ACGME
milestones. Based on these findings, we caution against the
use of competency-based graduation from residency, even
when programs rely on clearly articulated standards such as
the ACGME milestones. Movement to competency-based
graduation would likely disadvantage women residents and
deepen inequalities in the medical profession.

LIMITATIONS
There are limitations to our study. First, we did not have

information about the broader context in which evaluations
were written, including conversations that may have taken
place between attendings and residents that could have
provided additional information explaining numerical scores
and/or textual feedback. Second, we did not have data about
the race or ethnicity of the physicians in our sample, which
may be a pertinent covariate given evidence of bias against
people of color in the medical profession.21 Third, since our
data was collected in 2013-15, it is possible that gender
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dynamics in residency programs may have changed in the
intervening years, especially as residency programs have
invested in reducing biases in training. Fourth, while we took
several steps to guard against gender bias in our coding
procedures – including using multiple coders, requiring
coding consensus, and suppressing attending and resident
gender – we did not suppress all gendered language in the
textual comments. This may have biased our analysis. Fifth,
since we only analyze data from four university hospitals, our
findings may not be nationally representative of EM training
programs in the US.

Our study also has several strengths. First, faculty did not
know that their evaluationswould be analyzed for gender bias,
diminishing aHawthorne effect or social desirability bias, and
giving us a window into real conditions of gender inequality in
medical education. Second, drawing on data from four
university hospitals across the US allowed us to be more
confident that the inequalities we found were not specific to
one hospital environment, but rather may be generalizable
across different organizational environments.

Future research is needed to examine the full scope of
inconsistent feedback in graduate medical education,
including commentary given to residents in person, as well as
the consequences of inconsistent feedback for physicians’
careers, including attrition from medicine and feelings of
burnout and imposter syndrome.

CONCLUSION
By pairing quantitative and qualitative methods, this

study contributes to research on gender inequality in
graduate medical education by showing multiple levels at
which women receive inconsistent feedback in residency.
Initiatives to reduce gender inequality in medicine should
train faculty to offer all residents clear, consistent, and
helpful assessments of their performance, regardless of
resident gender.
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Introduction: Hospitalizations during the coronavirus 2019 (COVID-19) pandemic peaked in New York
in March–April 2020. In the months following, emergency department (ED) volumes declined. Our
objective in this study was to examine the effect of this decline on the procedural experience of
emergency medicine (EM) residents compared to the pre-pandemic period.

Methods: We conducted this multicenter, retrospective cohort study of patients seen and key
procedures performed by EM residents at hospitals spanning three Accreditation Committee for
Graduate Medical Education-approved EM residencies in New York City and Nassau County, NY. We
obtained numbers of procedures performed duringMay–July 2020 and compared them to the same time
period for 2019 and 2018. We a priori classified critical care procedures—cardioversion, central lines,
chest tubes, procedural sedation, and endotracheal intubation. We also studied “fast-track”
procedures—fracture/joint reduction, incision and drainage (I&D), laceration repairs, and splints.

Results:Total number of critical care procedures in themonths following the COVID-19 peak decreased
from 694 to 606 (−12.7%, 95% confidence interval [CI] 10.3–15.4%), compared to an increase from 642
to 694 (+8.1%, 95% CI 6.1–10.5%) the previous year (difference −9.3%). Total number of fast-track
procedures decreased from5,253 to 3,369 (−35.9%, 95%CI 34.6–37.2%), compared to a decrease from
5,333 to 5,253 (−1.5%, 95% CI 1.2–1.9%) the year before (difference −36.3%). Specific critical care
procedures performed in 2020 compared to the mean of 2019 and 2018 as follows: cardioversion
−33.3%; central lines +19.0%; chest tubes −27.9%; procedural sedation −30.8%; endotracheal
intubation −13.8%. Specific fast-track procedures: reductions +33.3%; I&D −48.6%; laceration repair
−17.3%; and splint application −49.8%.

Conclusion: Emergency medicine residents’ critical and fast-track procedural experience at five
hospitals was reduced during the months following the COVID-19 peak in comparison to a similar period
in the two years prior. Training programs may consider increasing simulation-lab and cadaver-lab
experiences, aswell as EDand critical care rotations for their residents to offset this trend. [West J Emerg
Med. 2023;24(5)855–860.]
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INTRODUCTION
Graduate medical education (GME) of residents and

fellows has been dramatically affected worldwide because of
the coronavirus 2019 (COVID-19) pandemic. Similar
influences on GME have been described during previous
epidemics, natural disasters, and even in zones of war and
conflict, although perhaps on a different scale.1–6 During the
severe acute respiratory syndrome (SARS) epidemic of 2003,
many educational activities were sacrificed, and outside
clinical rotations were delayed due to fear of inter-site
contamination when residents changed services.1,5 The
ongoing conflict in Iraq has led to a significant impairment in
quality of education, and the majority of trainees felt their
safety to be at risk.3 The majority of trainees also reported
their intent to leave Iraq after graduation, further crippling
the critical healthcare safety net so many citizens rely on.3

When Hurricane Katrina struck Louisiana and
Mississippi in 2005, hundreds of residents and fellows had
their education disrupted. The Accreditation Council for
Graduate Medical Education (ACGME) responded by
quickly assisting in placing these trainees, either temporarily
or permanently, in other programs that could meet their
educational needs. The resulting policies provided the
framework for institutions to respond to the needs of their
GME programs during Hurricanes Ike in 2008 and Harvey
in 2017.4,6

Early literature on effects on GME of the COVID-19
pandemic focused on procedure-based specialties, such as
surgery, urology, interventional radiology, interventional
cardiology, ophthalmology, and urology.7–11 Cancellation of
elective procedures and redeployment of residents and
fellows created a dramatic reduction in cases needed for
adequate training. Surgical programs especially reported
decreased clinical experience, reduced case volume, and
disrupted education activities as major concerns.12

Additionally, the ACGME allowed institutions to apply for
“emergency status.” This eased some of the mandatory
training requirements that were normally in place. To
mitigate this problem, the American Board of Surgery
announced they would accept a 10% reduction in operative
cases from graduating residents, while other specialties
suggested training might have to be extended to ensure
adequate training, especially in a prolonged
epidemic scenario.10,13,14

Emergencymedicine (EM) trainees were similarly affected
by the overall decrease in patient volumes that many
emergency departments (ED) experienced throughout the
pandemic. Decreased case variety, fewer procedures, and
fewer patients with serious diagnoses all negatively impacted
resident training during the early pandemic period.15,16

Throughout the world, GME programs quickly
responded with innovation and utilization of online
resources during the pandemic to minimize disruptions in
resident education. Most didactics, journal clubs, and case

reviews moved online, and large conferences became virtual.
Many outpatient encounters were taking place via
telemedicine platforms. Some surgical programs even started
working with simulators built in house, while others
developed virtual reality technology in an effort to maintain
technical skills.8,9,11,14,17,18

Emergency medicine training programs similarly
confronted challenges in resident education since the onset
of the pandemic. All resident training depends in large part
on patient encounters to gain experience and develop
clinical acumen and technical skill. Traditionally,
postgraduate year (PGY)-1 EM residents would average 0.7
patient encounters per hour, while PGY-3 residents could
see 1.3 patients per hour.19 The pandemic, however, caused
a dramatic reduction in ED patient volumes, especially
among pediatric patients.20 During the early pandemic
period, ED visits in the United States were 42% lower than
the same period a year earlier, with the largest proportional
decline in patients 14 years or younger.21 As a result of the
pandemic, EM residents’ critical procedural experiences
also decreased.22Moreover there was a significant decline in
all non-COVID-19 related patient presentations, with
significantly less resident exposure to cardiac, psychiatric,
surgical, and neurosurgical cases.23

Population Health Research Capsule

What do we already know about this issue?
The COVID-19 pandemic had dramatic
effects on graduate medical education for
procedure-based specialties such as surgery
and interventional cardiology.

What was the research question?
What effect did the post-COVID-19 peak
period have on the procedural experience in
EM residency training?

What was the major finding of the study?
Index procedures decreased 33.2%, critical
care procedures 12.7% (10.3–15.4%);
and fast-track procedures 35.9%
(34.6%–37.2%).

How does this improve population health?
Knowing the impact of COVID-19 on EM
procedure training may spur programs
to augment resident education impacted
by interruptions.
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Hospitalizations for COVID-19 peaked inNewYorkCity
in March and April 2020. In the months following, ED
volumes declined. Our objective was to study the effect of this
decline on the procedural experience of EM residents
compared to the pre-pandemic period. Through a
multicenter study, we sought to describe the volume, types,
and acuity of cases seen by EM residents during the months
following the COVID-19 peak within three separate EM
training programs in New York City and Nassau County.
Such information can inform decisions on how best to
augment resident education and maintain quality of training
during program interruptions and times of reduced patient
volume, clinical exposure, and procedural experience.

METHODS
Study Design

This was a multicenter, retrospective cohort study of the
number of patients seen and number of procedures
performed by EM residents during the months following the
COVID-19 peak. We compared these numbers to the same
period in the two previous years. The study was reviewed by
the institutional review board and was deemed to be not
human subjects research.

Study Setting and Population
This was amulticenter study at five hospitals spanning two

ACGME-approved EM residencies and one combined
EM-IM residency in New York City and Nassau County.
The hospitals include three tertiary care centers, one
community hospital, and one children’s hospital. Prior to
COVID-19, the four adult EDs ranged in patient volume
from 33,000 to 102,000 patients per year, and the pediatric
ED had a volume of 60,000 patients per year. The residency
programs include two EM programs in the PGY 1–3 format,
as well as one combined EM-internal medicine (IM)
program. The number of residents at each program are 30
and 68 for the EMprograms and 10 for the EM-IMprogram.

Our study took place from May–July 2020. These dates
were chosen because they represented the initial period
following the major first wave of COVID-19 patients in
New York. As a comparison group, we collected data from
the same months in the preceding two years.

Study Protocol
We performed an electronic data query to extract data

from our health system’s electronic health record (EHR).We
used standard record review practices.24 Variables obtained
from the electronic data query included patient
demographics, disposition, authorship of physician note,
diagnosis, and chief complaint. Deidentified data were stored
in an Excel spreadsheet (Microsoft Corp, Redmond,WA) on
a secure server. We reviewed the total number of patients
seen by EM residents during the study period, as well as the
admission percentage. We identified patients seen by

residents based on the authorship of the physician note. This
was to ensure each record would only be counted once. We
omitted patients seen by physician assistants, nurse
practitioners, or by attendings primarily.

We reviewed our EHR billing data for the number of
predetermined procedures performed by EM residents
during this period. Billing data was captured from procedure
notes written by the physicians. We studied critical care
procedures, specifically electrical cardioversion, central lines,
chest tubes, procedural sedation, and endotracheal
intubation. These are key procedures required by the
Residency Review Committee in Emergency Medicine
(RRC-EM). We also studied “fast-track” procedures,
including fracture/joint reduction, incision and drainage
(I&D), laceration repairs, and splints. We compared the
numbers of procedure performed to the same period in the
previous two years.

Measurements or Key Outcome Measures
Numbers of patients seen and procedures performed in the

months following the COVID-19 peak were compared to the
numbers during the same period for 2019 and 2018. The
primary outcomewas the change in the total number of index
procedures during themonths following the COVID-19 peak
as compared to the mean of the two previous years.
Secondary outcomes included total number of patients
seen, and changes in the number of critical care and
fast-track procedures.

Data Analysis
We calculated statistics using SAS statistical software

(SAS Institute Inc, Cary NC). Percentage of admissions was
compared using chi-square tests.

RESULTS
Total number of patients seen by residents during the

months following the COVID-19 peak was 33,246,
compared to 49,316 in 2019 (−32.6%) and 49,748 in 2018
(−0.9%) (Table 1). Admission percentage was 32.0% in the
months following the COVID-19 peak compared to 28.5% in
2019 and 28.5% in 2018.

The total number of index procedures decreased from
5,947 in 2019 to 3,975 in 2020 (−33.2%); compared to
virtually no change the previous year (5,975 to 5,947).
Total critical care procedures in the months following the

Table 1. Comparison of patient volume for the COVID-19 study
period and the control period.

2020 2019 2018 P-value

Total # of patients seen
by residents

33,246 49,316 49,748 <0.001

Admission percentage 32.0% 28.5% 28.5% <0.001
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COVID-19 peak decreased from 694 in 2019 to 606 in
2020 (−12.7%, 95% confidence interval [CI] 10.3–15.4%),
compared to an increase from 642 to 694 (+8.1%, 95% CI
6.1–10.5%) the previous year (difference −9.3%). Total fast-
track procedures decreased from 5,253 in 2019 to 3,369 in
2020 (−35.9%, 95% CI 34.6–37.2%), compared to a decrease
from 5,333 to 5,253 (−1.5%, 95% CI 1.2–1.9%) the year
before (difference −36.3%) (Table 2).

The data for the individual critical care and fast-track
procedures are presented in Table 3 and Table 4. During the
study period, there was a notable decrease in the critical care
procedures of cardioversion, chest tube, procedural sedation,
and endotracheal intubation. The only critical care
procedure that demonstrated an increase was central line

placement. There was also a decrease noted in fast-track
procedures of I&D, laceration repair, and splint application.
The only fast-track procedure that demonstrated an increase
was orthopedic reductions.

DISCUSSION
March–April 2020 represented the peak of COVID-19

cases in the first wave in the New York metropolitan area.
During this time EDs were flooded with extremely sick
patients. Residents in EM were often managing multiple
critical patients simultaneously. They were also exposed to
large-scale death, likely for the first time in their careers.
Residents were performing large numbers of intubations and
medical resuscitations. This had a dramatic impact on
their training.

The immediate post-COVID-19 era, however, saw a
dramatic decline in ED volume. This was likely
multifactorial, with patients afraid to come toEDs out of fear
of contracting COVID-19, as well as their adherence to stay-
at-home orders. This also had an effect on EM residency
training. Our study found that numbers of ED patients seen
by residents decreased by 32.6%.At the same time, admission
percentage increased by 3.5%, suggesting that lower acuity
patients were not coming to the ED. The numbers of both
critical care procedures and fast-track procedures decreased
during this period as compared to the previous year. The
most dramatic changes were noted in fast-track procedures,
with notable decreases in I&D, laceration repair, and
splint application.

These findings can have a significant impact on resident
education. If this trend continues, we may see residents
graduating from training with significantly less procedural
experience, especially in the realm of fast-track procedures.
Our study can inform decisions on how best to augment
resident education and maintain quality of training during
program interruptions and times of reduced patient volume,
clinical exposure, and procedural experience.

These results are likely multifactorial. In the immediate
post-COVID-19 era, many people were afraid to come to the
hospital due to a fear of contracting the disease. Alternative
locations for care became available including telemedicine
and urgent care centers. Finally, patients may have chosen
not to seek care at all.

Residency programs are encouraged to look at the
numbers of procedures that their residents are performing,
especially fast-track type procedures. As these procedure
numbers are not required to be reported to the ACGME,
there is a possibility that residency programs will not be
aware of the individual numbers in their own programs if not
specifically examined. Programs that find their residents have
a deficiency in the number of fast-track procedures may wish
to supplement their experience with procedural training in
the simulation lab or cadaver lab.

Table 2. Comparison of total procedures for the study period and
the control period.

2020 2019 2018
Difference 2020 from
mean of 2018/2019

Total critical
care procedures

606 694 642 −9.3%

Total fast-track
procedures

3,369 5,253 5,333 −36.3%

Total
procedures

3,975 5,947 5,975 −33.3%

Table 3. Comparison of critical care procedures for the study period
and the control period.

Procedure 2020 2019 2018
Difference 2020 from
mean of 2018/2019

Cardioversion 7 11 10 −33.3%
Central line 244 212 198 +19.0%

Chest tube 22 27 34 −27.9%

Procedural
sedation

126 190 174 −30.8%

Endotracheal
intubation

207 254 226 −13.8%

Table 4. Comparison of fast-track procedures for the study period
and the control period.

Procedure 2020 2019 2018
Difference 2020 from
mean of 2018/2019

Reductions 36 32 22 +33.3%

Incision and
drainage

284 551 553 −48.6%

Laceration
repair

1,739 2,090 2,115 −17.3%

Splint
application

1,310 2,580 2,643 −49.8%
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LIMITATIONS
The study has several limitations, First, it took place in

one region of the country, namely New York. These findings
may not be generalizable to the rest of the US. However, we
did study three different programs at five different hospitals
spanning four different counties in the area. Second, this was
a retrospective cohort study and, therefore, our data is
somewhat limited. It is possible that if the data would have
been collected prospectively, we would have had a more
complete and more accurate dataset.

Our results were obtained from billing data, which is
captured from procedure notes written by the physicians. It is
possible that some procedures were performed without a
procedure note being written. In that scenario, the procedure
would not have been captured in our dataset. However, our
billers carefully review all charts and encourage physicians to
complete all procedure notes if they have not been
completed. In addition, the same methods for collecting
procedure data were used in both the study population and
the control population.

Additionally, we only looked at data for three months. It is
possible that what we observed was a temporary phenomenon
and as volumes inEDsbegan to return, procedural availability
has improved as well. Finally, we did not look at procedure
numbers during the actual COVID-19 peak. It is possible that
the increase in critical care procedures during this period offset
the decrease we saw in the study period. However, this would
not account for the decrease in fast-track procedures, which
essentially went away during the COVID-19 peak.

CONCLUSION
The post-COVID-19 era resulted in lower patient volume

and less availability of certain procedures for EM residents in
New York City and Nassau County. This phenomenon
should be watched closely to determine whether trends
appear. If so, interventions may need to be instituted to
supplement resident training.
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Introduction: Ensuring high-quality scholarly output by graduate medical trainees can be a challenge.
Within many specialties, including emergency medicine (EM), it is unclear what constitutes appropriate
resident scholarly activity. We hypothesized that the quantity and quality of scholarly activity would
improve with a clearer guideline, including a point system for eligible scholarly activities.

Methods: A resident Scholarly Activity Guideline was implemented for EM residents in a university
setting. The guideline consists of a point system in which point values, ranging from 1–10, are assigned
to various types of scholarly activities. Residents must earn at least 10 points and present their work to
meet their scholarly graduation requirement. We tracked scholarly activities for graduates from the
classes of 2014–2020, with the guideline being implemented for the class of 2016. In a blind analysis, we
compared median total points per resident, mean counts of the Boyer model of scholarship components
per resident, and mean counts of significant scholarly output per resident before vs after the guideline
was implemented. Significant scholarly output was defined as an implemented protocol,
a research project with data collection and analysis, a research abstract presentation, or an oral
abstract presentation.

Results: Among 64 residents analyzed, 48 residents used the guideline. We found that median points
per resident increased after the guideline was implemented (median, interquartile range: before 7 [7],
after 11 [10, 13], P= 0.002). Post-guideline scholarly activities were found to represent more of Boyer’s
components of scholarship [mean before 0.81 [SD 0.40], mean after 1.52 [SD 0.71], mean difference
0.71, 95% confidence interval [CI] 0.332± 1.09, P< 0.001. There was no difference in the mean
significant scholarly output per resident (mean before 1.38 [SD 1.02], mean after 1.02 [SD 1.00], mean
difference 0.35, 95% CI 0.93± 0.23, P= 0.23).

Conclusion: Implementation of a Scholarly Activity Guideline point system significantly increased the
quantity and, by one of twomeasures, increased the quality of scholarly output in our program. Our point-
based guideline successfully incorporated traditional and modern forms of scholarship that can be
tailored to resident interests. [West J Emerg Med. 2023;24(5)861–867.]
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INTRODUCTION
Scholarship has been a fundamental requirement during

any residency training since 1994, but executing this
requirement can be challenging due to confusion regarding
what constitutes scholarship.1 It is consistently thought that
all trainees should be exposed to the four components of the
Boyer model for scholarship: discovery; integration;
application; and teaching.2,3 In 2013, the Common Program
Requirements for residency programs as published by the
Accreditation Council for Graduate Medical Education
(ACGME) stated that, “residents must participate in
scholarship.”4 While there were more specific faculty
scholarship expectations, the emergency medicine (EM)
requirements did not dictate the type or extent of this
requirement for residents. In July 2022, the ACGME added
more detailed language to these broad requirements for EM
(Table 1), but they can still be difficult for program leadership
to execute.5

Not surprisingly, there has been broad and subjective
application of this requirement. For example, in 2015 Geyer
et al found that within EM, 39% of programs surveyed
required an original research project upon graduation while
61% of programs allowed curricular development projects or
evidence-based reviews as an alternative to a traditional
research project with an associated peer-reviewed
manuscript.1 In an attempt to address this issue, in 2018
representatives from two national EM groups published

Population Health Research Capsule

What do we already know about this issue?
Scholarly activities are a required part of
residency training, but defining appropriate
scholarship remains a challenge for
residency leadership.

What was the research question?
Can a novel scholarly activity guideline and
point system improve the quality and quantity
of resident scholarship?

What was the major finding of the study?
Implementation of the point system correlated
with improved median scholarly points per
resident (before 7 [IQR 7], after 11
[IQR 10, 13], P = 0.002).

How does this improve population health?
A clear, concise scholarly activity guideline
may allow for improved resident scholarly
output, which contributes to the advancement
of emergency care.

Table 1. Evolution of emergency medicine resident scholarship requirements as designated by the ACGME Residency Review Committee
for emergency medicine.4,5

2013 Emergency medicine requirements for
resident scholarly activities

The curriculum must advance residents’ knowledge of the basic principles of research,
including how research is conducted, evaluated, explained to patients, and applied to
patient care.

Residents should participate in scholarly activity.

The sponsoring institution and program should allocate adequate educational
resources to facilitate resident involvement in scholarly activities.

2022 Emergency medicine requirements for
resident scholarly activities

Residents must participate in scholarship.

The curriculum must advance the residents’ knowledge of the basic principles of
research, including how research is conducted, evaluated, explained to patients, and
applied to patient care.

At the time of graduation, each resident should demonstrate:
• active participation in a research project, or formulation and implementation of an

original research project, including funded and non-funded basic science or
clinical outcomes research, as well as active participation in an Emergency
Medicine emergency department quality improvement project; or,

• presentation of grand rounds, posters, workshops, quality improvement
presentations, podium presentations, webinars; or,

• grant leadership, non-peer-reviewed print/electronic resources, articles or
publications, book chapters, textbooks, service on professional committees, or
serving as a journal reviewer, journal editorial board member, or editor; or

• peer-reviewed publications.

ACGME, Accreditation Council for Graduate Medical Education.
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recommendations based on survey data, suggesting
appropriate types of scholarship for EM residents to provide
more structure to the scholarship requirement.6 However,
these recommendations have been cited as being too strict
and not taking into account more modern forms of
scholarship such as social media, podcasts, or online
curricula, which are now recognized as fulfilling the Boyer
components of scholarship.7,8 Since academic institutions
are increasingly consideringmore varied types of scholarship
in the faculty promotion process, it is reasonable to similarly
allow residents to participate in traditional and
nontraditional activities based on their interests.

In addition to the historical variation in programs’
interpretations of scholarship requirements, enforcing a
single standard for the scholarly activity requirement may
not be appropriate, as many trainees do not plan to pursue a
career in academic medicine. Trainees often equate research
or scholarly activity with academia, which can result in
diminished engagement in these projects if they intend to
pursue a different career path. Further complicating the
scholarly process, many residents have difficulty completing
original research projects due to lack of mentorship or
institutional support for data collection or statistical
analysis.1,9 It is, therefore, not surprising that inadequate
scholarship has led to a high rate of Review Committee (RC)
citations since the scholarship requirement was introduced
in 1994.1,9

In 2018, a meta-analysis evaluating graduate medical
education (GME) scholarship initiatives found that, while no
specific strategy was more effective at increasing trainee
publications, there was a significant increase in publications
following the implementation of any initiative. The authors
concluded that a “culture of emphasis on resident
scholarship” was the critical factor in increasing scholarly
production among trainees.10 Several other strategies have
also been described that may improve resident scholarly
output, with the most effective being providing dedicated
time for scholarship, having a research curriculum, a defined
scholarship requirement, requiring a presentation at a
research day, or a combination of these.11 However, the
optimal approach remains unclear.

OBJECTIVE
The purpose of this innovation was to improve the

quantity and quality of scholarship by providing a well-
defined scholarly activity framework for our trainees while
simultaneously incorporating options for a variety of
traditional and modern scholarly activities.

CURRICULAR DESIGN
Development of the Scholarly Activity Guideline

After a literature review in 2014, we used existing
recommendations for scholarly output in an EM training
program along with a previously published unique

scholarship point system to create a Scholarly Activity
Guideline (SAG, Supplemental Material).3-5,12,13 While not
a proven method, we chose this point system based on the
novelty of the idea and the inclusion of a wide variety of
options for scholarship. The point system was tailored to our
program’s goals for fulfilling the scholarship requirement. It
provides multiple options for scholarship with associated
point values ranging from 1–10 (Table 2).

The first version of SAG required that residents obtain a
minimum of 10 points on the scholarly point system, attend
one department research meeting yearly, complete evidence-
based learningmodules, and present their work at our annual
departmental Scholar’s Day. The meeting and module
requirements have since been removed as they are addressed
elsewhere in the residency curriculum. The guideline includes
a suggested timeline for completion to assist in keeping
residents on schedule. Finally, it includes an idea form which
serves as a guide for in-person project discussions with

Table 2. The original scholarly activity point system, created in 2014,
adapted from Seehusen et al.a

Type of scholarly activity Points

IRB-approved project completed with manuscript
submitted to a peer-reviewed journal

≥10

Submission of a manuscript describing a case series,
systematic review, or meta-analysis

≥10

Presentation of a poster or oral presentation at a
regional, national, or international conference

5

Publication of a book chapter or section 10

Non IRB-approved quality-improvement (QI) project
completed and results shared with peers

7

Initiation of IRB-approved research or QI project but
project still ongoing at time of graduation

8 – 10

Submission of a grant for intramural or extramural
funding (with IRB approval)

10

Creation and maintenance of an online teaching tool 5

Publication of a letter to the editor in a peer-reviewed
medical journal

3 – 5

Creation of simulation case for simulation curriculum
(not published vs published)

3 – 10

Submission to peer-reviewed journal or national
conference of a series of interesting cases (ie, visual
diagnosis cases or photo competition)

3.5

Publications for the lay public, such as newspaper
articles, on medical topics

3

Participation on a national committee 5

Critically appraised topic write-up and submission
to journal

5

aTable adapted from Seehusen DA, Asplund CA, Friedman
M. A point system for resident scholarly activity. Fam Med.
2009 Jul–Aug;41(7):467–9. PMID: 19582627.
IRB, institutional review board.
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members of the research committee. Residents are required
to obtain approval from the Research Committee for any
scholarship for which they wish to obtain points, but
generally they can choose any combination of activities from
the guideline to achieve the goal of 10 points. If there is a
project that does not fit well within the options listed,
residents can present their idea for consideration to the
ResearchCommittee and, if approved, the committee assigns
points by consensus.

The SAG was implemented in August 2014 and was first
applied to the graduating class of 2016 as well as all
subsequent residents. This time gap allowed the intern class
of 2014 two academic years to meet their requirements. As a
matter of background, our EM residency is a longstanding
three-year program located at a Level 1 trauma and tertiary
care hospital in the South Central United States. Prior to the
introduction of the SAG, there was a scholarship
requirement for all residents without a specific curriculum or
guide defining what types of projects were appropriate. Over
the seven years of this data analysis, our residency
complement increased from eight to 10 residents per year.We
also added several additional faculty, including one research-
focused faculty member.

For quality improvement purposes, the guideline has been
reviewed periodically and adjustments to it have been made
when necessary. For example, we removed the requirement
to attend a researchmeeting as theywere not found to be high
yield. To avoid diminishing educational value, restrictions on
case reports were also added to prevent residents from only
completing case reports during their training. Lastly, the
category of abstracts for the Journal of EmergencyMedicine
was added, as one of the program’s faculty is the section
editor for the Abstracts section of the journal and allows
residents to contribute as authors.

Methods for Analysis of the Scholarly Activity Guideline
As part of routine residency documentation, scholarly

activity output for all residents is recorded in real time. In
June 2020 we abstracted all recorded scholarship for
graduates between 2014-2020 from each graduate’s exit letter
to assess the improvement in scholarly output related to the
introduction of the new guideline. While all projects after
2015 had points assigned to them at the time they were
completed, three authors (SG, RFR, AY) who were not
members of the Research Committee independently assigned
points for the pre-SAG cohort and re-measured point totals
for each resident in the post-SAG group to ensure
consistency and reduce bias. To further reduce bias, two
authors (TE, CE) removed the name and graduation year of
the resident and replaced the project title with a project type.
This blinded list was then randomized and entered into
RedCap, an electronic data capture tool hosted at University
of Arkansas for Medical Sciences for rating. The same
authors (SG, RFR, AY) also analyzed the quality of each

resident’s output based on how many, if any, of the Boyer
components of scholarship were represented. Therefore, our
two primary outcomes were the comparison of the median
number of points per resident and the mean number of the
Boyer components of scholarship present per resident, before
and after implementation of the SAG.

Although the consensus document regarding appropriate
scholarly output for EM residents by Kane et al was
published several years after implementation of our
guideline, we wanted to incorporate these criteria into our
analysis as well.6 In addition to recommending that
programs maintain an archive in residency record files, Kane
et al proposed four other primary elements of resident
scholarship: a developed and implemented protocol; a
research paper with a hypothesis, collected and analyzed
data, and a conclusion; a research abstract presentation; or
an oral research presentation. The consensus authors stated
these were recommendations rather than requirements, and
while those options were considered to be best practices, they
still believed that program directors could accept alternative
types of scholarship.6 As a pre-planned secondary analysis,
our three raters (SG, RFR, AY) also rated which projects
met at least one of the consensus criteria for scholarship,
which we defined as “significant scholarly output.”

The university’s institutional review board (IRB) did not
consider this review to be human subjects research and,
therefore, did not require IRB oversight.We used descriptive
statistics where appropriate. The median value among the
three raters was used as the final count for each variable. We
treated our scholarly activity point variable, as ordinal as
different activities could achieve differing point values.
Counts of the Boyer components and significant scholarly
output were treated as continuous. Categorical variables
were compared using chi-squared tests (or the Fisher exact
test if counts were rare), ordinal variables were compared
using the Mann-Whitney U test, and continuous variables
were compared using independent t-test.We calculated inter-
rater reliability (Fleiss Kappa) to assess the agreement
between the three raters. Analyses were performed using
SPSS Statistics for Macintosh version 28.0 (IBM Corp,
Armonk, NY).

IMPACT
Analysis of Scholarly Output

Sixty-four residents graduated in the period studied,
producing 676 scholarly points. Before the guideline, only one
of 16 (6.25%) residents would have met the minimum point
requirement (Table 3). Since the SAGwas implemented, 40/48
(83.3%) residents in the classes of 2016–2020 met their
scholarly point requirements based on the blinded review.
Total points per resident increased significantly after
implementation of the guideline (median 7 points per resident
[interquartile range (IQR) 7, 7] before vs 11 points per resident
after [IQR 10, 13], P < 0.002). See Figure 1 for graphical
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representation of all outcomes. Of note, 54.2% (26/48) of
residents in the post-guideline period ended their training with
more points than the minimum required, compared with
6.25% (1/16) before (relative risk [RR] 2.05, 95% confidence
interval [CI] 1.47–2.85, P < 0.001).

Regarding the quality of scholarship, we found at least one
of the Boyer components of scholarship in 92% (59/64) of

resident portfolios as well as at least one significant scholarly
achievement in 71.8% (46/64). When comparing before and
after the SAG, we found a significant increase in the mean
number of Boyer components (mean before 0.81 [SD 0.40],
mean after 1.52 [SD 0.71], mean difference 0.71, 95% CI
0.332–1.09, P < 0.001), although the proportion of
residents with at least one component did not change
(81.25% vs 95.3%, RR= 4.5, 95% CI 0.82–25.47, P = 0.10).
There was no change in the average number of significant
scholarly outputs per resident (mean before 1.38 [SD 1.02],
mean after 1.02 [SD 1.00], mean difference −0.35, 95% CI
−0.93 – 0.23, P = 0.23) or in the proportion of residents with
at least one significant scholarly output (87.5% vs 64.58%,
RR 0.35, 95% CI 0.09=−1.36, P = 0.12). Overall interrater
agreement was measured as moderate (Κ= 0.538, 95% CI
0.499–0.577, P < 0.001).

As a natural consequence of seeing more of the Boyer
components of scholarship with the SAG, we noticed that the
types of scholarship appeared to be more varied as well. In
the pre-guideline period, most scholarly activities were local
quality improvement projects that resulted in data collection
and analysis, but most were only presented locally. Two of
these resulted in research abstracts presented at national
meetings, and there was one resident who participated in a
multicenter, chart review study. In the post-guideline period,
residents not only had regional and national research
abstract presentations, peer-reviewedmanuscripts, and book
chapters, but they also published evidence-based reviews,
edited online resources for medical students, wrote articles
for community newsletters, and recorded educational,
evidence-based podcasts. In addition, while participation in
national committees was initially a controversial addition to
our accepted forms of scholarship, residentswho have chosen
this option have been highly engaged and were often invited
to be authors on subsequent publications or participate in
national presentations.

DISCUSSION
We are excited about the improved resident scholarship

we achieved after implementation of the SAG. We believe
that having a clearer and more diverse list of options has
allowed residents to successfully choose projects in which
they would feel engaged while the point requirement has
ensured a minimum standard and accountability. Although
anecdotal, the faculty members overseeing resident
scholarship have noted that the clarity provided by the SAG
seems to have reduced frustration on the part of both
residents and faculty.While the SAG concept is novel to EM,
this point systemwas adapted from a similar system used in a
family medicine residency by Seehusen et al.12 Our
improvements are congruent with the increase they found in
their scholarly output with this approach, describing more
presentations, book chapters, and peer-reviewed
publications. Since implementation of our guideline,

Table 3. Scholarly output results, before and after.

Guideline group

Before After

Count % Count %

Successfully achieved
minimum points

≥10
points

1 6.3% 40 83.3%

<10
points

15 93.8% 8 16.7%

Boyer components
present

0 3 18.8% 2 4.2%

1 13 81.3% 23 47.9%

2 0 0.0% 19 39.6%

3 0 0.0% 4 8.3%

4 0 0.0% 0 0.0%

At least one Boyer
component present

Yes 13 81.3% 46 95.8%

No 3 18.8% 2 4.2%

Significant scholarly
output present

0 2 12.5% 16 33.3%

1 9 56.3% 22 45.8%

2 3 18.8% 3 6.3%

3 1 6.3% 7 14.6%

4 1 6.3% 0 0.0%

At least one significant
scholarly output

Yes 14 87.5% 31 64.6%

No 2 12.5% 17 35.4%

Figure 1. Outcomes before vs after scholarly guideline.
EM, emergency medicine.
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execution of a similar point system has been described in the
radiology literature, but no official quantitative analyses
have been reported.14

We found it interesting that while the total points
increased and we found more of the Boyer components of
scholarship present after the guideline, we did not see a
difference in significant scholarly output as defined as one of
the four criteria described by Kane et al in their consensus
statement.6 While Kane et al’s recommendation was made
with input and support from members of several EM
organizations, it was primarily crafted by members of the
Research Directors Interest Group and Evidence-based
Healthcare Implementation interest groups of the Society for
Academic Emergency Medicine. In their study, the authors
identified the best practices based on a survey of possible
scholarly outputs, and only those with high consensus among
respondents were considered appropriate scholarship. While
the survey respondents were affiliated with most of the
national EM groups, representatives of several EM groups,
such as the Council of Residency Directors and various EM
resident organizations, responded with concern that these
recommendations were too stringent and that the approach
used to determine the criteria were not consistent with widely
accepted definitions of consensus.7 They recommended using
a less strict consensus threshold, whichwould result in amore
varied list of acceptable scholarship opportunities.

Understanding the limitations of the consensus, it is not
surprising that given our inclusion of non-traditional and
more modern forms of scholarship (eg, online educational
resources, participation in national committees, or
FOAMed), we did not see a significant increase in those types
of scholarships only noted in the consensus document. It is
certainly possible that the lack of increase indicates a lack of
impact of our scholarly activity guideline, but we feel it more
reflects the bias of the consensus guideline toward more
traditional research activities. For example, in the post-SAG
group, we had residents pursue podcasts, evidence-based
reviews, and participate in national committees, all types of
scholarship we feel are valuable that would not have
otherwise been counted in the consensus guideline.

There are several other potential explanations for the
small change seen in our analysis. Even with the addition of
diverse faculty and increasing the focus on resident
scholarship, our research infrastructure has remained
minimal, which we feel has slowed the advancement of our
research mission and potentially limited the potential of the
point system. The majority of our residents also become
community emergency physicians and are not necessarily
focused on research, similar to trainees in many EM
residencies. While we did not analyze the points from
residents who pursued community practice against those
who pursued fellowships or academic medicine, we suspect
that those entering community emergency departments likely
chose less traditional research andmay have beenmore likely

to finish with the minimum points required. If true, this
would not necessarily be a negative reflection of the point
system; rather, for us it would highlight the flexibility of this
approach to all types of residents. We never expected that all
our residents would suddenly engage in complex scholarship,
but we did hope for an explicit guideline, a clear minimum
standard for completion and, overall, more high quality
output. We still see our improvements, while modest from
a statistical standpoint, as a major culture shift for
our program.

Next Steps
We believe that future, similar investigations would be

beneficial to enhance generalizability of our findings. If other
programs were to find success in implementing similar
scholarly point systems, especially programs with a variety of
resources, we may learn in which settings the point system
performs best. Applying this to other groups may also be
useful. For example, our program is considering creating a
point system for faculty to improve their scholarly output
and engagement. While still in the planning stage, this
approach could help less research-focused faculty
participate in the research mission with a variety of options
for compliance.

Based on the experience gained by implementing the SAG,
we have realized that documentation is imperative, and
suggest having clear, ongoing documentation from the time
of idea generation through project completion. This provides
transparency for project approval and progression, how
many points will be awarded, and when the scholarly work is
considered complete. We have found documentation of
project status to be most successful in a shared online format
with access for the resident, the research committee, and
program leadership. Additionally, once a point system is
implemented, periodic adjustments are necessary to
incorporate new areas of scholarship, or to remove or limit
items that may not provide incremental educational benefit
to the learner.

LIMITATIONS
This dataset is limited by recall bias, as there could be

projects that were not documented and not available to
include in the analysis. While the authors that judged point
values were blinded to resident names and graduation year,
they may have been able to identify residents’ work based on
the project type. Additionally, while the raters had
moderately good agreement, they had not previously judged
point totals, so these numbers may have been incongruent
with the points awarded by the research committee in real
time based on knowing the specifics of the project. This is
particularly evident when considering that at the time of their
graduation, all residents in the post-implementation group
were felt to have met the 10-point minimum, yet not all were
judged to have met the requirement in this analysis,
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suggesting that blinding led to underestimation of points
scored. However, we felt that creating a blinded review
would allow for the most unbiased comparison.

It is also possible that retrospective application of the
point system may have overestimated the difference, but we
feel this is unlikely. Another limitation is that additional
faculty were hired at the time of and following the SAG
implementation, and these newer faculty could have
improved residents’ abilities to complete high-quality
scholarship regardless of guideline implementation. Lastly,
while we have found the SAG to be effective in our program,
it is possible that, as Wood et al suggest, any initiative that
provided enhanced emphasis on resident scholarship could
have been equally effective.10

CONCLUSION
The implementation of a point-based scholarly activity

guideline improves the quantity, breadth and, in our opinion,
the quality of scholarly activity among emergency medicine
residents. Given the inclusion of a variety of traditional and
non-traditional forms of scholarship and its simplicity, this
system could be easily adapted for other EM residencies or
any other subspecialty training programs.
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Background: Prehospital emergency medical services (EMS) are the main gateway for trauma patients.
Recent advances in point-of-care testing and the development of early warning scores have allowed EMS
to improve patient classification. We aimed to identify patients presenting with major trauma involving life-
saving interventions (LSI) using the modified Sequential Organ Failure Assessment (mSOFA) score in the
prehospital scenario, and to compare these results with those of other trauma scores.

Methods: This was a prospective, ambulance-based, multicenter, training-validation study in trauma
patients who were treated in a prehospital setting and subsequently transported to a hospital. The study
involved six Advanced Life Support units, 38 Basic Life Support units, and four hospitals. The primary
outcome was LSI performed at the scene or en route and intensive care unit (ICU) admission and
all-cause two-day in-hospital mortality. We collected epidemiological variables, creatinine, lactate, base
excess, international normalized ratio, and vital signs. Discriminative power (area under the receiver
operating characteristic curve [AUC]), calibration (observed vs predicted outcome agreement), and
decision-curve analysis (DCA, clinical utility) were used to assess the reliability of the mSOFA in
comparison to other scores.

Results: Between January 1, 2020–April 30, 2022, a total of 763 patients were selected. The mSOFA
score’s AUCwas 0.927 (95% confidence interval [CI] 0.898–0.957) for LSI, 0.845 (95%CI 0.808–0.882)
for ICU admission, and 0.979 (95% CI 0.966–0.991) for two-day mortality.

Conclusion: The mSOFA score outperformed the other scores, allowing a quick identification of
high-risk patients. The routine implementation in EMS of mSOFA could provide critical support in the
decision-making process in time-dependent trauma injuries. [West J Emerg Med. 2023;24(5)868–877.]
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BACKGROUND
Several complex consequences follow a severe trauma

(eg, hypoperfusion, coagulopathy, hypothermia, acidosis,
and tissue inflammation). These responses increase
morbidity and mortality in trauma patients.1 Discriminating
major trauma that require life-saving interventions (LSI) vs
trauma without systemic repercussions is a particular
challenge for emergency medical services (EMS),
particularly in prehospital care.2,3 The identification of
patients requiring LSI on the scene is critical in deciding
whether to transport to the emergency department (ED) of a
hospital equipped to manage complex trauma cases (trauma
center). Conversely, rapid identification of patients who are
not at high risk allows EMS personnel to transport those
patients to hospitals with fewer resources and/or clinicians
with less training in treating complex trauma. The ability to
quickly differentiate between high-risk trauma patients and
those not at immediate risk improves the transfer rate of
high-complexity cases to trauma centers, thereby optimizing
the use of resources. The use of trauma scores to determine
patient risk in non-prehospital scenarios has been
successfully adopted in clinical practice.4

In prehospital care, the usefulness of an early warning
score (EWS) has been broadly demonstrated and has become
standard practice across numerous EMS agencies.5,6

However, few specific scores are available for EMS
application to trauma patients (eg, the revised trauma score
[RTS];7 new trauma score [NTS];8 the combination of
mechanism, Glasgow Coma Scale, age, and arterial pressure
score [MGAP];9 or the Vittel criteria).10 However,
prehospital point-of-care testing (POCT) has been widely
used.11 Measurements such as hemoglobin, base excess, pH,
lactate, creatinine, or the international normalized ratio
(INR) provide relevant feedback, guiding the resuscitation of
polytrauma patients from the first moments of EMS arrival
on the scene.12,13

The major advantage of using an EWS or POCT, either
alone or jointly, is the potential standardization of patient
assessment, enabling EMS personnel to recognize high-risk
patients without obvious clinical symptoms. On-scene use of
diagnostic and/or prognostics tools streamlines the decision-
making process. Specifically, these tools provide EMS
personnel detailed short-term evolution data that enables
them to decide whether to transport the patient to a higher
resource facility. Applying EWS in trauma patients also
makes it possible to standardize a trauma patient’s
management throughout the entire healthcare system. This
uniform terminology simplifies patient transfer between
clinicians, ultimately lowering the risk of adverse events.14,15

The combined application of physiological parameters
and analytical measures has significantly improved the
prognostic performance of both EWS and POCT in helping
to quickly and decisively identify high-risk patients. A
particularly striking example is the Sequential Organ Failure

Assessment (SOFA) score, which can discriminate
multiorgan damage and is routinely used in intensive care
units (ICU).16 More recently, the Traumasis-SOFA scoring
system is used specifically for patients who have been in a
traffic collision.17 Despite technological advances, there is no
portable POCT capable of measuring bilirubin or platelets in
the prehospital setting; thus, prospective estimation of the
SOFA score is not currently available at the scene or while en
route to the ED. The SOFA score, which combines
physiological measurements (Glasgow Coma Scale [GCS],
mean arterial pressure [MAP], and pulse oximetry
saturation/fraction of inspired oxygen ratio [SaFi]) with
analytical determinations (creatinine and lactate), was
developed to be used at the scene or en route.18 In their 2010
study, Grissom et al proposed the use of a modified SOFA
(mSOFA) score,19 which was specifically designed and
validated for prehospital care, including physiological and
analytical parameters available bedside.

In this investigation, our primary aim was to evaluate the
effectiveness of prehospital mSOFA scores for predicting the
need for LSI (invasive mechanical ventilation, and/or
administration of tranexamic acid and/or noradrenaline) in
trauma patients. Secondary aims were to explore the
performance of mSOFA in predicting ICU admissions and
two-day in-hospital mortality, and to compare the mSOFA

Population Health Research Capsule

What do we already know about this issue?
Prehospital identification of major trauma
patients requiring life-saving interventions
has not yet been elucidated.

What was the research question?
Does mSOFA (an early warning score)
allow quick identification of high-risk
trauma patients?

What was the major finding of the study?
Major comparison with p-value and
confidence interval
The mSOFA score presents an area under
the receiver operating characteristic
curve of 0.927 (95% CI 0.898–0.957) for
life-saving interventions.

How does this improve population health?
Using mSOFA to quickly identify high-risk
trauma patients could improve treatment and
management of these rapidly evolving and
complex cases.
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with four trauma scores (RTS, NTS, MGAP, and the BIG
[base deficit, INR, and GCS] score).

METHODS
Study Design and Settings

This was a prospective, ambulance-based, multicenter,
training-validation study of trauma patients who were
treated in the prehospital setting and subsequently
transported to an ED. The study involved six Advanced Life
Support (ALS) units, 38 Basic Life Support (BLS) units, and
four EDs. All the facilities—distributed over three provinces
(covering inner city areas, suburbs, and rural areas)—are
part of the Public Health System of Castilla y León (Spain),
with a reference population of 995,137 inhabitants. The BLS
units are staffed by two emergency medical technicians
(EMT), and the ALS units are composed of an emergency
registered nurse (ERN), a physician, and two EMTs.

Between January 1, 2020–April 30, 2022, patient data was
collected from two back-to-back prospective studies
conducted under an identical operative guideline. The
institutional review board of the Public Health Service
reviewed and approved the investigation. The study was
registered in the WHO International Clinical Trials Registry
Platform (ISRCTN48326533 and ISRCTN49321933); we
followed the Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD)20 guidelines (Supplementary data p3).

Participants
We included in this study adult trauma patients

(>18 years) who were screened by the ALS physician and
evacuated by ALS or BLS units to the ED. Only cases with
venous line and subsequent blood analysis performed at the
scene or en route were included in the follow-up cohort.

Exclusion criteria included the following:
cardiorespiratory arrest not recovered at the scene; pregnant
women; potential danger to staff; discharged in situ (after
evaluation by the ALS physician); or inability to obtain
informed consent at the site, en route, or at the ED.

Score Selection
The scores compared with the mSOFA fulfilled the

following conditions: they have been validated; they are
available in the prehospital scope of care; and they are based
on the determination of standard vital signs or clinical
observations and/or a basic blood test. The exclusion criteria
included the following: scores with an already knownmodest
predictive capacity (eg, shock index21), complex anatomical
scales (eg, Injury Severity Score22); systems requiring
laboratory tests not available at the scene (eg, Emergency
Trauma Score23); or scores requiring imaging studies
(eg, Trauma-associated Severe Hemorrhage Score24).
Finally, the selected scores included the RTS,7 NTS,8

MGAP,9 and BIG.25

OUTCOMES
Primary outcome of the current study was LSI performed

at the scene or en route. The following LSI were included in
the analysis: invasive mechanical ventilation (conventional
orotracheal intubation and videolaryngoscope in cases of
difficult airway); and/or administration of tranexamic acid
and/or noradrenaline (any dose). We did not include
additional vasopressors as LSI (eg, dopamine, dobutamine
or vasopressin) for the composite outcome because
noradrenaline is the standard pharmacologic agent in ALS,
in accordance with the internal procedure guidelines of our
health system, which describe noradrenaline as the
vasopressor of choice for hypovolemic shock unresponsive to
volume with hemodynamic compromise. Neither did we
include blood administration, since this procedure is
conducted exclusively in the ED in our health system. As a
secondary outcome we included unplanned ICU admission,
and two-day in-hospital mortality (all cause).

Cases (ie, patients showing a confirmed positive outcome
[LSI and/or ICU admission and/or two-daymortality]), were
all re-checked by the study coordinator. We excluded from
analysis cases with missing data (complete-case study).

Predictors and Data Abstraction
Before starting the project, specific training was given to

all the staff in the correct use of the data collection notebook,
how to take blood samples, perform the analysis, and
maintain and clean the devices used for variables collection,
which are stated below. The study coordinator regularly
visited all the ambulance stations.

Epidemiological variables (gender, age, urban or rural
area, vector of transfer, and intervention times) were
collected by an EMT, and baseline vital signs (respiratory
rate, oxygen saturation, blood pressure, heart rate,
temperature, and GCS), were collected by the ERN during
the first contact of the ALS unit with the trauma patient.
Pulse oxygen saturation, blood pressure, and pulse were
determined with the LifePAK 15 monitor-defibrillator
(Physio-Control, Inc, Redmond,WA), and temperature with
the ThermoScan PRO 6000 thermometer (Welch Allyn, Inc,
Skaneateles Falls, NY).

Subsequently, once the venous line was cannulated, a
blood sample was extracted by the ERN for analysis of
parameters, including creatinine, lactate, base excess, and
INR. Blood analysis was conducted using the epoc Blood
Analysis System (Siemens Healthcare GmbH, Erlangen,
Germany) and CoaguChek Pro II System (Roche
Diagnostics GmbH, Basel, Switzerland).

The ALS physician documented the application of LSI
(invasive mechanical ventilation, and/or administration of
tranexamic acid and/or noradrenaline), and the final
prehospital diagnosis. Two days after the index event, a
research associate from each hospital, collected the following
hospital outcomes via electronic health records (EHR)
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review: hospital-inpatient, ICU admission, and two-day
mortality (any cause).

Statistical Analysis
All patient data was recorded electronically in a database

created specifically for this purpose. Data was prospectively
collected and registered in a database generated with the
IBM SPSS Statistics for Apple version 20.0 (IBM Corp,
Armonk, NY). The caseload entry system was test-run to
delete unclear or ambiguous items and to verify the adequacy
of the data-gathering system. To make a link between EMS
medical records and the hospital’s EHR, an exact match was
made with five of the following extractors: patient name;
gender; age; day, arrival time, and incident code; and
ambulance code and/or healthcare card number.

Data was never de-identified for the team responsible for
data analysis. We assessed the descriptive results and the
association between predictors and the outcome using the
Mann-Whitney U test or the chi-squared test, as appropriate,
and the effect size was provided as standardized mean
difference. We used absolute values and percentages for
categorical variables, and medians and interquartile ranges
(IQR) for continuous variables. The a priori statistical plan
was to use medians and IQRs if continuous variables were not
normally distributed. Sample-size calculations were
performed by assessing the power calculation based on a
specific comparison using pwr package inR (TheRProject for
Statistical Computing, Vienna, Austria), considering a
statistical power (from 1–100) of 97, a significance level of
P = .001, and a mSOFA score difference between cases and
non-cases of 84%. The sample used for training and
validation, derived from a cross validation (ie, n/10),
was n= 76.

Prior to score development and validation the sample was
randomly split, preserving the proportion of the outcome
variable, by using a 10-fold cross-validation, which has been
used to overcome overfitting. (Further detail can be found in
supplementary data p4.) The mSOFA score validation and
calibration required a first step of fitting a logistic regression
in which the score (as a continuous variable) was the
predictive variable and the LSI, two-day mortality, or ICU
admission the outcome. Considering the whole cohort, we
plotted the observed distribution of the outcomes and a curve
of the predicted probability of the outcome according to the
mSOFA score, including the confidence interval (CI).

To assess the reliability of mSOFA and its comparison
against other well-established scores, we evaluated all the
scores in three different ways: with their discriminative power
(assessed by the area under the receiver operating
characteristic [ROC] curve and the area under the ROC
curve [AUC]); their calibration (observed vs predicted
outcome agreement; andwith decision curve analysis [DCA],
clinical utility). In particular, the mSOFA discrimination
capacity was assessed by the AUC. The calibration was also

performed by calculating the calibration curve, that is,
plotting predicted vs observed probability of the outcome,
and determining several metrics associated with calibration
(explained below).

We assessed the discriminative power of mSOFA byROC
curve analysis and AUC, including 95%CIs, aP-value of the
hypothesis testing (H0: AUC= 0.5). All 95% CIs were
obtained by bootstrapping (2,000 iterations). We assessed
further parameters of the ROC: specificity; sensitivity;
positive predictive value; negative predictive value; positive
likelihood ratio; and negative likelihood ratio. We also
reported the maximum potential effectiveness achieved by
the scores, with the Youden Index (in terms of sensitivity and
specificity) serving also as a summary of the whole ROC
curve. We compared AUCs using the Delong test.

We analyzed the goodness of fit of the model against the
observed probability using different adjustments: logistic and
nonparametric fit using LOWESS. We calculated several
additional statistics: Somers’ D rank correlation; ROC area;
Nagelkerke-Cox-Snell-Maddala-Magee R-squared index;
discrimination index; unreliability index; the quality index;
Brier score (average squared difference in p and y); intercept,
slope, maximum absolute difference in predicted and loess-
calibrated probabilities; the average of the previous parameter;
the 0.9 of the previous parameter; and the Spiegelhalter Z-test
for calibration accuracy and its two-tailed P-value.

We used DCA to compare mSOFA with those scores
already used in clinical practice.

All statistical analyses were performed in R version 4.0.3
using packages described in supplementary data p4.

Role of the Funding Source
The funder of the study had no role in study design, data

collection, data analysis, data interpretation, or writing of
the report. The corresponding authors had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

RESULTS
Patient Characteristics

In the current study, 763 patients from 44 ambulance
stations (six ALS and 38 BLS) fulfilled the inclusion criteria
(supplementary figure S1). Their median age was 52 years
(IQR: 37–70 years), and 266 (34.9%) were female.

The prehospital-LSI rate was 14.5% (111 cases), while 48
cases (6.3%) were treated with tranexamic acid, 28 (3.7%)
with noradrenaline, and 92 cases (12.1%) with invasive
mechanical ventilation. In 69 of the prehospital-LSI patients
(62.2%), only one intervention was performed; two
prehospital-LSI were performed in 27 patients (24.3%), and
in 15 patients (13.5%) all three prehospital-LSI were
required. Trauma patients subjected to prehospital LSI were
predominantly male, 18–49 years, and polytraumatized (life-
threatening involvement of two or more systems), with a
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Table 1. Baseline clinical and biomarker characteristics of the study population.

Total Non-LSI LSI Standardized differenceb P-valuec

No. (%) with dataa 763 (100) 652 (85.5) 111 (14.5) N.A. N.A.

Age, years 52 (37–70) 52 (37–70) 50 (34–65) 0.086 .402

Age groups, years 0.101 .559

18–49 349 (45.7) 295 (45.2) 54 (48.6)

50–74 269 (35.3) 232 (35.6) 37 (33.3)

>75 145 (19) 125 (19.2) 20 (18)

Gender, female 266 (34.9) 234 (35.9) 32 (28.8) 0.151 .149

ALS 507 (66.4) 401 (61.5) 106 (95.5) 0.909 <.001

Zone, urban 478 (62.6) 422 (64.7) 56 (50.5) 0.292 .004

Isochronous, min

Arrival time 11 (8–16) 11 (8–16) 12 (10–23) 0.361 .001

Support time 31 (23–40) 30 (22–28) 34 (26–48) 0.423 <.001

Evacuation time 12 (8–20) 12 (8–19) 15 (10–28) 0.44 <.001

Basal vital signs

RR, breaths/min 18 (14–21) 18 (14–20) 18 (12–27) 0.176 .147

SpO2, % 97 (95–99) 97 (95–99) 93 (87–97) 0.894 <.001

FiO2, % 0.21 (0.21–0.21) 0.21 (0.21–0.21) 0.21 (0.21–0.21) 0.608 .031

SaFi 462 (448–471) 462 (452–471) 429 (310–462) 0.952 <.001

SBP, mm Hg 133 (117–146) 134 (120–147) 121 (89–142) 0.523 <.001

DBP, mm Hg 80 (68–90) 80 (70–90) 66 (55–87) 0.508 <.001

MBP, mm Hg 97 (85–108) 98 (88–108) 86 (77–104) 0.543 <.001

HR, beats/min 84 (71–100) 83 (70–98) 92 (77–118) 0.521 <.001

Temperature, °C 36 (35.7–36.4) 36 (35.8–36.4) 35.8 (34.8–36.1) 0.474 <.001

GCS, points 15 (15–15) 15 815–15) 9 (5–14) 1.634 <.001

Lactate, mmol/L 2.42 (1.64–3.54) 2.16 (1.45–3.09) 5.67 (3.25–8.71) 1.158 <.001

Creatinine, mgr/dL 0.86 (0.74–1.09) 0.84 (0.73–1.01) 1.09 (0.87–1.68) 0.616 <.001

BE, mEq/L 0.6 (−2.6;−1.8) 0.8 (−1.6;1.9) −4.6 (−10;−1.5) 1.143 <.001

INR 1 (1–1.1) 1 (1–1.1) 1 (1–1.1) 0.228 .057

mSOFA, points 1 (0–3) 1 (0–2) 6 (4–8) 1.994 <.001

Trauma mechanism 0.419 <.001

Penetrating 39 (5.1) 22 (3.4) 17 (15.3)

Blunt 724 (94.9) 630 (96.6) 94 (84.7)

Trauma type 0.343 <.001

Polytraumatized 106 (13.9) 53 (8.1) 53 (47.7)

Polycontused 83 (10.9) 83 (12.7) 0

Head and neck 257 (33.7) 221 (33.9) 36 (32.4)

Thorax 52 (6.8) 47 (7.2) 5 (4.5)

Abdomen-pelvic 32 (4.2) 25 (3.8) 7 (6.3)

Spinal 46 (6) 45 (6.9) 1 (0.9)

Orthopedic 156 (20.4) 153 (23.5) 3 (2.7)

Burns 31 (4.1) 25 (3.8) 6 (5.4)

Hospital outcomes

Hospital-inpatient 372 (48.8) 265 (40.6) 107 (94.9) 1.501 <.001

ICU admission 162 (21.2) 58 (8.9) 104 (93.7) 3.204 <.001

2-day mortality 47 (6.2) 8 (1.2) 39 (35.1) 0.979 <.001

LSI, life-saving interventions;NA, Not applicable;ALS, Advanced Life Support;RR, respiratory rate; SpO2, oxygen saturation; FiO2, fraction
of inspired oxygen; SaFi, pulse oximetry saturation/fraction of inspired oxygen ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MBP, mean blood pressure; HR, heart rate; GCS, Glasgow coma scale; BE, base excess; INR, International normalized ratio;
mSOFA, modified Sequential Organ Failure Assessment; ICU, intensive care unit.
aValues expressed as total number (fraction) and medians [25th percentile-75th percentile], as appropriate.
bThe Cohen d-test was used for estimated effect size.
cThe Mann-Whitney U test, t-test, or chi-squared test was used as appropriate.
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remarkable rate of penetrating trauma (15.3%). Of the LSI
group cases, 93.7%presented ICUadmission (104 cases), and
the two-day in-hospital mortality rate was 35.1% (39 cases).
The mSOFA-associated variables showed statistically
significant differences between cases with prehospital-LSI
and non-LSI cases (P < .001) (see Table 1).

mSOFA Validation
The validation of the mSOFA score was performed by

ROC analysis assessing AUC values. The AUCs were as
follows: 0.927 (95% CI 0.898–0.957) for LSI; 0.845 (95% CI
0.808–0.882) for ICU admission; and 0.979 (95% CI
0.966–0.991) for two-day mortality. Further details on the
model performance can be found in supplementary tableS2.
As can be observed in Figure 1, the predictive probability for
each outcome as a function of mSOFA presented a typical

sigmoid curve, meaning that the number of cases (for all the
outcomes) increased with increasing mSOFA values. Curves
were steeper for LSI and ICU, indicating that the mSOFA
value at which the cases increased for this outcomewas lower
than that for mortality.

Finally, the calibration results showed that the best
performance of mSOFA was for mortality according to
Brier, resulting in 0.06 (95% CI 0.063–0.067) for LSI; 0.11
(95% CI 0.110–0.115) for ICU; and 0.03 (95% CI
0.019–0.049) for mortality. However, when considering the
slope or the calibration-in-the-large (or intercept), the best
performance was for ICU, followed by LSI and mortality (in
that order). Results of slope were 0.98 (95%CI 0.73–1.23) for
LSI; 1.00 (95% CI 0.86–1.15) for ICU; and 0.89 (95% CI
0.48–1.30) for mortality, while those of calibration-
in-the-large were 0.02 (95% CI −0.39–0.45) for LSI;

Figure 1. Probability of different outcomes based on the value of mSOFA in prehospital care: a) life-saving interventions; b) ICU admission;
and c) two-day mortality. The solid line shows the predicted probability of the outcome; gray-shadowed area shows the 95%
confidence interval.
mSOFA, modified Sequential Organ Failure Assessment; ICU, intensive care unit.
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0.004 (95% CI −0.24–0.25) for ICU; and −0.50 (95% CI
−1.82–0.82) for mortality.

mSOFA vs Other Scoring Systems
The comparison between mSOFA and the other scores

was assessed by three different procedures. First, the
discrimination power using the AUC comparison showed
that mSOFA outperformed the other scores for all the
outcomes evaluated (Figure 2); this was corroborated by the
results from the Delong test (Supplementary tableS3) in
which mSOFA presented statistically significant differences
vs all the scores for all outcomes (P-value ranged between
P < .01 and P < .001, except for LSI in which
P = .078 vs RTS, and P = .061 vs MGAP). Secondly,

similarly to discrimination analysis, DCA (Figure 3) showed
a higher net benefit formSOFA than other scores throughout
all the threshold probability and for all outcomes, with the
exception of the higher threshold, inwhich the net benefit was
similar for LSI or lower for ICU admission compared
to RTS.

Thirdly, the calibration-derived metrics showed that
mSOFA presented the best performance for LSI. For
instance, the Brier score of mSOFAwas the lowest compared
to the other scores for all the evaluated outcomes.
Interestingly, when considering the fitted calibration curves,
either logistic or nonparametric (LOWESS), mSOFA
presented the best fit. Further details on the calibration
results can be found in supplementary FigureS4.

Figure 2. Discrimination analysis results of each model. Discrimination capacity of the scores was assessed by the area under the receiver
operating characteristic (ROC) curve (AUC) for a) life-saving interventions; b) intensive care unit (ICU) admission; and c) two-day mortality.
Red line=modified Sequential Organ Failure Assessment (mSOFA); green line= revised trauma score (RTS); blue line= combination of
mechanism, Glasgow Coma Scale, age, and arterial pressure score (MGAP); black line=BIG score; yellow line= new trauma score (NTS).
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DISCUSSION
To our knowledge, this is the first study to analyze the

predictive ability of prehospital mSOFA scores to detect
high-risk trauma patients at the scene or en route. The
mSOFA score presented an excellent AUC for prediction of
prehospital LSI, unplanned ICU admissions, and two-day
in-hospital mortality, outperforming all the scores analyzed.

The X-A-B-C-D-E resuscitation guidelines clearly outline
the priorities in primary assessment and initial care of major
trauma.26 Upon identification and control of external
bleeding hemorrhage, the next life-threatening priority is to
ensure airway patency and/or ineffective ventilation, coupled
with quick recognition of subtle signs of shock at early onset
that allow rapid treatment start. Considering the above, in

the first moments post-injury, EMS personnel should
prioritize the rapid identification and response to
hypovolemic shock of hemorrhagic origin as a top priority,
together with initial airway management on scene.27,28

Several scores have been developed to forecast the severity
of a trauma patient’s condition; however, studies evaluating
the predictive ability of different scores to determine
prehospital LSI requirement are scarce. Galvagno et al11

analyzed the performance of venous lactate to predict
prehospital LSI, showing an AUC of 0.71. Radowsky et al29

examined the ability of the prehospital, handheld, tissue
oximeter to identify occult shock, with poor results
(AUC= 0.51). Liu et al30 studied the capability of different
standard vital signs (heart rate, lower systolic blood pressure,

Figure 3. Decision curve analysis results of each model: a) life-saving interventions; b) intensive care unit admission; and c) two-day
mortality. Red line=modified Sequential Organ Failure Assessment; green line= revised trauma score); blue line= combination of
mechanism, Glasgow Coma Scale, age, and arterial pressure score; black line=BIG score; yellow line=New Trauma Score.
BIG score, admission base deficit+ international normalized ratio+Glasgow Coma Scale.
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shock index, pulse pressure, and GCS components), while
Kumar et al31 analyzed the feasibility to predict LSI of a
model based on heart rate variability. In both cases overall
results were modest (AUC= 0.72 and 0.75, respectively). In
summary, isolated studies have analyzed standard vital signs
and/or trauma scores, reporting AUCs lower than that of the
mSOFA score.

The mSOFA is a five-parameter system assessable in
prehospital care from the first contact with patients,18 which
allows the identification of potential high-risk trauma
patients. This scoring system includes respiratory (SaFi),
hemodynamic (MAP), neurological (GCS), and oxidative
metabolism (creatinine and lactate) endpoints, providing a
global overview of the trauma patient’s status.

LIMITATIONS
While the strengths of the present study are the large

number of EMS records we examined over a long period of
time and the use of standardized procedures for the
management of trauma patients, as well as the homogeneous
training of all EMS personnel involved, the study does have
several limitations. First, the data was not blinded. To
minimize bias, data was collected continuously 24 hours a
day throughout the year, and ambulances served both urban
and rural areas, involving different EDs. In addition, EMS
personnel did not know the scores analyzed or their
interpretation or calculated risks, and the outcomes were not
known to hospital investigator associates. As a double-check
setup, the study coordinator audited all notified patients with
a primary positive outcome. Second, some of the scores
tested required the use of prehospital POCT,which requires a
certain training and is not widely implemented in EMS.
Third, even though thoracic decompression techniques are
considered to be LSI, they were not included in the study nor
was there exact data on the crystalloid volume administered.
(In future studies these inputs will be recorded to improve
predictive capacity and to improve the identification of high-
risk patients.)

Fourth, the ongoing study started before the current
COVID-19 pandemic and was in progress, continuously
adding cases into the database. The potential long-term
consequences of COVID-19 are yet to be determined; thus, it
remains unclear what the effect of this new pathology has on
patients who have already suffered the disease or its long-
term sequelae. Larger studies are required to understand the
impact of the pandemic on medical emergency care, and
specifically on trauma patients. Fifth, the interpretation of
the DCA and calibration results should be interpreted
from a qualitative point of view, rather than from a
quantitative/statistical point of view. They are intended to
support the AUC findings rather than be interpreted alone.
Finally, the current study was developed in a single country,
with particular conditions of the Spanish health system, such
as POCT availability in the EMS. The generalizability

of this study will require further studies in different
health systems.

CONCLUSION
The mSOFA score can help EMS personnel recognize

high-risk patients. The identification of three key
outcomes—life-saving interventions on scene, unplanned
ICU admission, and two-day mortality—can play a critical
role in better management of these rapidly evolving and
complex cases.
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Introduction: Social determinants of health (SDoH) are known to impact the health and well-being of
patients. However, information regarding them is not always collected in healthcare interactions, and
healthcare professionals are not always well-trained or equipped to address them. Emergency medical
services (EMS) professionals are uniquely positioned to observe and attend to SDoH because of their
presence in patients’ environments; however, the transmission of that information may be lost during
transitions of care. Documentation of SDoH in EMS records may be helpful in identifying and addressing
patients’ insecurities and improving their health outcomes. Our objective in this study was to determine
the presence of SDoH information in adult EMS records and understand how such information is
referenced, appraised, and linked to other determinants by EMS personnel.

Methods:Using EMS records for adult patients in the 2019 ESOData Collaborative public-use research
dataset using a natural language processing (NLP) algorithm, we identified free-text narratives
containing documentation of at least one SDoH from categories associated with food, housing,
employment, insurance, financial, and social support insecurities. From the NLP corpus, we randomly
selected 100 records from each of the SDoH categories for qualitative content analysis using
grounded theory.

Results: Of the 5,665,229 records analyzed by the NLP algorithm, 175,378 (3.1%) were identified as
containing at least one reference to SDoH. References to those SDoH were centered around the social
topics of accessibility, mental health, physical health, and substance use. There were infrequent explicit
references to other SDoH in the EMS records, but some relationships between categories could be
inferred from contexts. Appraisals of patients’ employment, food, and housing insecurities were
mostly negative. Narratives including social support and financial insecurities were less negatively
appraised, while those regarding insurance insecurities were mostly neutral and related to EMS
operations and procedures.

Conclusion: The social determinants of health are infrequently documented in EMS records.When they
are included, they are infrequently explicitly linked to other SDoH categories and are often negatively
appraised by EMS professionals. Given their unique position to observe and share patients’ SDoH
information, EMS professionals should be trained to understand, document, and address SDoH in their
practice. [West J Emerg Med. 2023;24(5)878–887.]
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INTRODUCTION
Social determinants of health (SDoH), including housing,

employment, education, income, neighborhoods, access to
healthcare, and education are known to impact the health
and well-being of patients, yet these variables are not always
accounted for during interactions with the healthcare
system.1,2 While unmet basic social needs have measurable
impacts on individuals, communities, and the public health
system,1,3,4 little guidance exists for healthcare clinicians to
address patients’ SDoH, and current strategies focus on the
population and policy levels.5 Greater attention is needed to
individual-level social issues, as leaving them unaddressed
leads to poor clinical outcomes, health disparities, and
increased healthcare costs.3 Patients with unmet social needs
frequently access healthcare through hospitals and,
particularly, emergency departments (ED) only, warranting
an increased focus on SDoH in emergencymedicine (EM).6–8

Emergency medical services (EMS) professionals
operating at the intersection of public safety, public health,
and healthcare are uniquely positioned to observe and attend
to SDoH in productive and influential ways.9 They use their
perceptions of patients’ social and physical environments to
aid in medical decision-making, such as determining whether
to transport the patient to the hospital or not.10 Additionally,
conveying information to ED staff about factors such as
unsafe housing, lack of access to medications, or inability of
patients to safely care for themselves can ultimately affect
whether or not that patient can be safely discharged from the
ED. Nevertheless, information exchange through verbal
hand-offs from EMS professionals to ED nursing staff and
subsequent reporting to additional hospital personnel often
results in lost information and miscommunication.11–19

Electronic health record documentation by EMS is a
reliable channel throughwhich information about a patient’s
SDoH can be shared with all healthcare personnel associated
with the patient’s hospitalization.20 There is a paucity of
SDoH information in EMS records for pediatric patients,21

but the presence, appraisal, and connections of SDoH
information in EMS records for adult patients is unknown.
Our objective in this study was to determine the presence and
frequency of SDoH documentation in adult EMS records
and understand the ways in which those insertions are
referenced, appraised, and linked to other determinants.

METHODS
Study Design and Setting

We retrospectively analyzed 9-1-1 records for adult
patients (≥18 years) in the 2019 ESO Data Collaborative
public-use research dataset. The ESO Data Collaborative
consists of de-identified prehospital electronic patient care
records created by EMS personnel during the course of
patient care. All EMS agencies that contribute to the dataset
agree to share their de-identified data for research and
benchmarking. Annual research datasets are made available

free of charge following a proposal process and review by an
institutional review board (IRB). We selected this database
for the diversity of included practice settings and the ability
to request free-text narratives. In 2019, this database
contained more than eight million records from 1,322 EMS
agencies with encounters across all four US Census regions
(South: 58%;Midwest: 22%; West: 16%; and Northeast: 5%)
and 6% of encounters occurring in rural settings. A total of
31% of encounters occurred in communities classified within
the most vulnerable quartile of socioeconomic status based
on the US Centers for Disease Control and Prevention’s
social vulnerability index.22 This study was designated not
human subjects research by the State University of New
York at Buffalo IRB.

Selection of Cases
All cases, regardless of complaint or disposition, were

screened. We used a multilabel classification machine-
learning model which, when identifying SDoH topics, has
area under the curve receiver operating characteristics of
93.9.23 This natural language processing (NLP) algorithm
has a framework of applications to EM and EMS
records.21,23 By applying this algorithm, we identified
free-text narratives containing documentation of at
least one SDoH from categories associated with food,
housing, employment, insurance, financial, and social
support insecurities.

Population Health Research Capsule

What do we already know about this issue?
The ability of emergency medical services
(EMS) personnel to assess patients’ social
determinants of health (SDoH) can have a
great impact on patient care.

What was the research question?
We sought to evaluate the presence, appraisal,
and relationships of SDoH documentation in
EMS records.

What was the major finding of the study?
Of 5,665,229 adult patient EMS records we
analyzed, 3.1% were identified as containing
at least one reference to SDoH.

How does this improve population health?
Understanding how EMS personnel recognize
and document patients’ SDoH is key to
identifying their diverse needs and expanding
out-of-hospital care options.
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Measures and Analysis
We performed descriptive statistical analysis and

randomization of records for qualitative analysis using Stata
MP version 17.0 (StataCorp LLC, College Station, TX).
From the corpus produced by the NLP algorithm, a random
sample of 100 narratives was chosen from each determinant
category for qualitative content analysis. Using an
interpretive paradigm,24 the three study team members read
each narrative to understand the first-person perspectives of
the EMS professionals who documented their interactions
with patients in the records they kept. This approach was
necessary to facilitate a hermeneutical approach and
understand the social construction of those EMS
professionals’ experiences on the calls about which they
documented. Team members used a grounded theory
framework24–26 to describe the content found in the
EMS records.

Three researchers (JCI, an ED attending, EMS physician,
and paramedic; MCK, an ED attending and EMS fellow;
and SJB, a paramedic and EMS educator) reviewed
narratives, performed primary coding to understand the
content of the EMS records, and further immersed
themselves in the data by discussing their findings for each
category with the other qualitative-analysis study team
members.24,27 During this data immersion phase, codes were
developed. For example, patients who were documented as
not having eaten in several days were coded as food insecure
(if their cases were not otherwise categorized in the food
insecurity determinant category by the NLP corpus), or
patients who reported they could not afford medications
were coded as financially constrained. Then, using the
constant comparative method,24,28 researchers organized the
primary codes into secondary codes to synthesize social
topics illustrated by the data throughout the determinant
categories. For example, patients who reported financial
constraints were categorized as having accessibility
problems. Researchers further collaborated to assure that the
content of the EMS records was represented by the social
topics and each concept was robustly supported by data.29

In a separate round of purposive coding, researchers
looked for documentation of other insecurities in each
determinant category to determine the relationship,
frequency, and directionality of their reference. For example,
if a narrative was determined by the NLP corpus to contain
information about social support insecurities, but the patient
was documented as not having eaten in several days, they
were coded as food insecure, as referred to in the social
support category. Additionally, the team members
qualitatively appraised each narrative to identify the valence
of the narratives as a means of further understanding the
EMS professionals’ perspectives. To limit potential
perceptions of bias, the qualitative researchers frequently
checked in with themselves and the others as a means of
reflexivity.24,28 They verified that their interpretations and

models were representative of the data and that their own and
the others’ experiences and biases did not result in
misinterpretation. They also collaboratively built models
and interrogated their data to assure their findings
were strongly supported by the data from the EMS
record narratives.

RESULTS
Of 5,665,229 records analyzed by the NLP algorithm,

175,378 (3.1%) were identified as containing at least one
reference to a SDoH. Of the records in this corpus, 171,740
(97.93%) contained only one identifiable reference to SDoH,
while 3,580 records (2.04%) contained two identifiable
references; 57 (0.03%) contained three identifiable references;
and one of the records (<0.01%) contained four identifiable
references to SDoH. Records containing appearances of
SDoH in the corpus were as follows: housing (52.28%);
employment (33.06%); general financial (8.04%); insurance
(4.73%); social support (3.86%); and food (0.14%).

Social Topics Illustrated in Emergency Medical Services
Records

Similar SDoH topics were identified throughout the
various social determinant categories. These SDoH topics
were accessibility, mental health concerns, physical health
concerns, and substance use. Examples of the social topics’
appearances in each determinant category can be found in
the Table.

Accessibility
All determinant categories included documentation of

concerns about patients’ lack of access to services or goods,
often because of an inability to afford or physically get to
their needed interventions. Patients with employment/
income insecurities were documented as unable to afford safe
housing, medications, or medical care. Attending EMS
professionals linked these financial constraints to the calls for
help, particularly when ambulances were used as a means of
transportation or facilitators for additional, non-urgent care,
such as access to medications, treatments, or social services.
It was also noted that financial barriers to access
compounded existing health conditions because patients
could not afford necessary medications or follow-up care.
When other patients with documented financial insecurities
encountered EMS for non-chronic conditions (eg, motor
vehicle collisions or falls), they refused treatment and
transport by EMS because of reported inabilities to afford
ambulance or hospital bills.

When documenting food insecurities, EMS personnel
wrote that patients could not readily afford or access
nutritious foodstuffs. In some cases, patients were reported as
selling, skipping, or misusing medications to divert funds to
their food budgets. Housing insecurity information was
documented because of patients’ lack of safe or permanent
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housing, which may have presented problems upon
discharge. Insurance insecurities were documented because
of a lack of access to health insurance, sometimes secondary
to lack of employment; however, more often, EMS personnel
wrote about patients’ using the 9-1-1 system to express their
desires to obtain insurance or care covered by insurance.
These patients explicitly requested help in signing up for
insurance or referrals to other sectors of the healthcare
system, and in one case a person called 9-1-1 for transport to
a facility to have an already prescribed medical procedure
because their insurance would not otherwise cover it as an
outpatient treatment. In the documentation of social support
insecurities, patients lacked family members, friends, or
healthcare personnel to aid in safely caring for their
conditions, accessing food, or finding safe living
environments. When strong social support was available,
access to resources and assistance was clearly documented
in this determinant category.

Mental Health Concerns
When mental health concerns were documented,

regardless of determinant category, EMS professionals
conveyed they were precipitated by the insecurities. Patients
with employment and food insecurities expressed depression
or suicidality while patients with housing insecurities
primarily described anxiety. Those with documented
financial and insurance insecurities also reported suicidality,
but the EMS professionals explicitly linked the cause of
financial constraints as ongoing expenses of chronic health

conditions. Additionally, there were cases of documented
elder or financial abuse perpetrated on or by patients who
interacted with EMS. Those with social support insecurities
were primarily anxious or nervous about living alone, but
these issues often were not the reasons for why the calls were
made for emergency services.

Physical Health Concerns
Patients with employment and housing insecurities were

often found outside, exposed to the elements, and with
complaints related to those conditions. For example, many
complained of pain in their legs or backs that could have been
attributed to their frequent walking or hot- or cold-related
issues. Some of these cases were results of calls for other
conditions, but EMS crews often found these patients were
more interested in shelter than medical care at the hospital.
Those with food insecurities complained of weakness,
hypoglycemia, or near or completed syncope, particularly
while standing in line, awaiting access to a food bank. Some
reported being without food because of financial problems,
but others reported they had no other way of accessing goods
without community resources. In some cases, patients
reported prioritizing accessing medications over food. Those
with financial and insurance insecurities most often
complained ofmanifestations of their chronic conditions and
inability to treat them. In some cases, patients with both
determinant types had acute health concerns and many had
diagnoses, but they could not afford or otherwise access the
prescribed treatments. Patients with social support

Figure 1. Explicit references to other determinant categories in charts (%).
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insecurities most often complained of acute medical- or
trauma-related issues and an inability to properly address
them. These patients were most often elderly patients who
complained of weakness and falls.

Substance Use
Patients with documented employment and housing

insecurities were more often described to be using or
withdrawing from various substances. Those with food
insecurities were also described as engaging in heavy use of
substances while their ability to access or not access food was
documented. Documentation of alcohol use with food,
financial, housing, insurance, and social support insecurities
were rarely associated with patients’ complaints or
conditions, but they were frequently written about as part
of the scene-setting descriptions.

Relationships Between Determinant Categories
Within the social determinants categories, EMS personnel

sometimes documented links to other determinant
categories. For example, when a chart was flagged because of
a documented food insecurity, EMS personnel included
information about concurrent housing, financial, or social
support insecurities. (See Figure for articulated relationships
between determinant categories.) Some of these relationships
were unidirectional (eg, insurance insecurities were linked to
social support insecurities, but social support insecurities
were not linked to insurance insecurities), although there
were frequent bidirectional referrals between determinants
but for varying reasons. For example, patients with financial
insecurities refused EMS treatment and transport because
they were documented as reporting a lack of insurance, but
patients with insurance insecurities requested EMS
transportation because they could not afford alternative
treatment or transport.

Most often, however, the other determinants were not
explicitly referenced in the documentation, but plausible
explanations could be inferred from context. For example, in
the case of a patient with housing insecurity, the EMS
professional documented the patient had not eaten or taken
their medications in several days. These elements could be
indicative of food, insurance, or financial insecurities, but
they were not explicitly cited.

Appraisal of EMS Professionals’ Perspectives
When EMS professionals wrote about employment, food,

and housing insecurities,most of the appraisals were negative
and appeared to discursively position the patients as at fault
for their 9-1-1 complaints and life conditions. Some of the
content in these narratives was unnecessary and unrelated to
the patients’ needs within the context of the EMS call. For
example, in the case of a patient with housing insecurity who
complained of lower extremity pain, the writer included
several insertions about how the patient did not appear to

have discomfort or unsteady gait and hypothesized the
patient had ulterior motives for the call to 9-1-1. For those
with insurance insecurity, most of the documentation in the
EMS narratives included inability for patients or crew
members to obtain the billing information for another part of
the chart. Narratives for patients with financial or social
support insecurities contained less perceivable negativity in
the descriptions of those patients’ conditions.

Within the social support category, specifically, the
narratives were generally much longer than in the other
categories and the scenes were described with greater detail.
Although some of the patients were documented as repeat
customers, the overtone was positive, and the EMS
professionals described their familiarity in association with
the help they provided for the patients in the current and
previous interactions. Only the social support insecurities
category contained descriptions of the advocacy work
provided by the EMS crews on the scene, including referrals
to mobile integrated health or other community resources,
assisting in patients’ errands, calling a patient’s primary
healthcare physician for them, or delivering food from their
own station so the patient could eat a meal. This category
also contained richer descriptions of safety concerns for
patients who lived in homes, generally alone, yet the
reflection of safety concerns did not come up for patients who
did not have homes, food, medications, or money.

DISCUSSION
Understanding how EMS professionals document SDoH

within electronic health records is vital for improving
emergency care, subsequent treatment, and outcomes for
patients with insecurities. Most often, SDoH information
was not included in EMS records and, when present, was
neither holistic nor interconnected to other insecurities that
may impact a patient’s health and well-being. Additionally,
EMS personnel often—likely unintentionally—wrote about
patients’ insecurities with a negative valence or tone. Such
negativity in health records has demonstrated downstream
impressions of the patients themselves.30

Because EDs are venues that perform as safety nets for
myriad health and social problems, there are proposals for
employing social emergency care to screen and connect
patients with the resources they need to address their
insecurities.6,31 Asmembers of the patients’ care teams, EMS
professionals should be included in any efforts to collect and
apply information about patients’ SDoH. Patient navigators
and other hospital personnel collect data and add SDoH
information to patients’ medical records,31,32 but hospital
personnel should be aware of the EMS records’ content and
the reduced likelihood of social desirability bias or influence
by the EMS professionals.

Social EM is a burgeoning sub-field of EM6 and can be
seen as a way for the EMS profession to expand its scope, as
well. Calls to expand training and curricula for emergency
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practitioners33,34 can be extended to EMS professionals to
improve the quantity and quality of SDoH-related content in
EMS records.While addressing SDoH in all medical records,
terminology should be consistent to avoid
miscommunication.8 Systematic and prescribed formatting
for verbal hand-offs from EMS to ED personnel have
improved efficacy and information transmission,11,16,18,35

and the National Emergency Medical Services Information
System (NEMSIS)36 has standardized and improved the
collection of EMS data. The creation of a specific data
collection tool can increase and improve information
acquisition and neutral reporting of patients’ SDoH.

Additionally, recent initiatives to address patients’ needs
and avoid unnecessary transports to overwhelmed EDs—
such as the Emergency Triage, Treat, and Transport (ET3)
Model37—by addressing SDoH through community
engagement have resulted in fewer unnecessary calls to 9-1-1,
fewer unnecessary visits to EDs, less out-of-service time for
first responder units, and decreased incidence of patient
falls.38,39 All EMS personnel should learn about the
resources available in their own communities for addressing
SDoH (eg, emergency shelters, food banks, or home
healthcare and outreach organizations). If EMS
professionals are aware of support services in their
communities, they may be more likely to help their patients
make necessary connections. Emergency medical services
personnel of all levels and in all organization types
should undergo specific training to recognize and address
patients’ insecurities. Future research about EMS
personnel’s knowledge about SDoH, their roles in this
type of data collection, and perceptions of education about
the topic may be informative to EMS and other fields’
implementation of interventions to improve longitudinal
patient care.

Over the past several years, increased recognition and
research linking emergency care and SDoH have
significantly impacted the volume of literature in this salient
area. These studies have examined SDoH and
training,33,34,40,41 documentation and screening,8,23,42–44

interventions,6,45,46 homelessness,47 mental health,48,49

insurance types,50 and links to chronic or acute illness and
injuries.7,51–54 Nearly all of these studies focused on EDs,
which are not the only points of contact for all patients
seeking emergency care and lack the perspective of seeing
from where a patient hails. Emergency medical services
personnel have the benefit of sharing in patients’ lived
experiences and interacting with patients who may not
subsequently present to EDs. This study provides a view
from this novel vantage point.

LIMITATIONS
The narratives analyzed in this study were from EMS

records from various sources throughout the US, including
first response agencies, transporting ambulance agencies,

and flight EMS organizations. The certification levels of the
EMS personnel were unknown during analysis. There may
be differences in documentation of SDoH based on
geographic location, organization types, or levels of training.
Since this was a retrospective analysis of free-text narratives,
we did not assess other sections of the records for information
about patients’ SDoH. Given the de-identified nature of this
dataset, it was also unclear whether individual agencies
provided guidance to their personnel about SDoH or their
documentation. Additionally, this analysis leveraged records
from a large convenience sample of EMS agencies that use a
single, privately owned electronic health record system;
thus, the generalizability of these findings to communities
served by EMS agencies using other documentation systems
is unknown.

The use of three qualitative researchers and joint analysis
sessions may have increased the potential for groupthink,
which could have narrowed the focus on themes and concepts
for the benefit of consensus-building. Future studies should
evaluate whether these variables are associated with SDoH
documentation and valence of EMS personnel’s
perspectives. Use of the interpretive paradigm and
hermeneutical approach could account for any potential
differences in message reception and intention
during documentation.

CONCLUSION
Addressing social determinants of health can lead to

improved health outcomes, reduced strain on healthcare
systems, and decreased health spending. Emergency
medical services professionals are uniquely positioned to
collect and share information on patients’ SDoH through
their documentation, but the overwhelming majority of
EMS records lack such content. Education about SDoH
and their relationships to one another, along with training
on how to neutrally include such content in their
documentation can be beneficial for EMS professionals and
their patients. The creation of standardized educational
content and documentation tools to collect SDoH
information and collections of organizations’ community
resources for addressing insecurities may improve EMS
professionals’ awareness, documentation, and treatment
of SDoH.
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Introduction: Black and Hispanic patients are frequently assigned lower acuity triage scores thanWhite
patients. This can lead to longer wait times, less aggressive care, and worse outcomes. In this study we
aimed to determine whether these effects are more pronounced for patients with subjective complaints.

Methods: We performed a retrospective analysis for all adult visits between 2016-2019 at an urban
academic emergency department (ED) with acuity-based pods.Wedetermined rates of initial high-acuity
triage both across all patients and among the subset located in the high-acuity pod at time of disposition
(either through initial assignment or subsequent up-triage). Analysis was performed for common chief
complaints categorized as subjective (chest pain, dyspnea, any pain); observed (altered mental status);
numeric (fever, hypotension); or protocolized (stroke, ST-elevation myocardial infarction).
We constructed logistic regression models to control for age, race, gender, method of arrival,
and final disposition.

Results:We analyzed 297,355 adult ED visits. Black and Hispanic patients were less likely to be triaged
to high-acuity beds (adjusted odds ratio [aOR] 0.76, 95% confidence interval [CI] 0.73-0.79 for Black, and
aOR 0.87, 95% CI 0.84-0.90 for Hispanic patients). This effect was more pronounced for those with
subjective chief complaints, including chest pain (aOR0.76, 95%CI 0.73-0.79 for Black and 0.88, 95%CI
0.78-0.99 for Hispanic patients), dyspnea (aOR 0.79, 95% CI 0.68-0.92 and 0.8, 95% CI 0.72-0.99), and
any pain (aOR 0.83, 95% CI 0.75-0.92 and 0.89, 95% CI 0.82-0.97, respectively). Among patients in the
high-acuity pod at time of disposition, Black and Hispanic patients were disproportionately triaged to
lower acuity pods on arrival (aOR 1.47, 95% CI 1.33-1.63 for Black and aOR 1.27, 95% CI 1.15-1.40 for
Hispanic adults), with significant differences observed only for subjective chief complaints. No
differences were observed for observed, objective, or protocolized complaints in either analysis.

Conclusion: Black and Hispanic adults, including those who ultimately required high-acuity resources,
were disproportionately triaged to lower acuity pods. This effect was more pronounced for patients
with subjective chief complaints. Additional work is needed to identify and overcome potential
bias in the assessment of patients with subjective chief complaints in ED triage. [West J Emerg Med.
2023;24(5)888–893.]

INTRODUCTION
Over the past several decades, a robust literature has

developed demonstrating racial-, gender-, and language-

based disparities in the quality and intensity of medical care
in the United States.1–5 Black and Hispanic patients are
consistently offered less intensive care,6–8 subjected to longer
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wait times,9 and seen as less acutely ill then their White
counterparts, even when controlling for other possible
explanatory factors.10,11 In some cases, these differences can
lead to delays in care, inadequate intensity of intervention or
monitoring,12–16 and greater risk of adverse outcomes.17

Triage provides a natural context in which to assess
encounter-level drivers of such disparities because of both its
well-defined, episodic nature and because it initiates a
treatment path that may influence a patient’s care
throughout their clinical course. In this study we sought to
1) determine whether racial differences are present in either
initial rates of high-acuity triage or need for later re-
assignment to a high-acuity pod and 2) whether these
differences vary by patient chief complaint.We hypothesized
that Black and Hispanic patients experience higher rates of
under-triage, and these differences are more pronounced for
patients presenting with subjective or symptom-based chief
complaints. This hypothesis is in keepingwith prior literature
suggesting that subjective assessments with incomplete
information may lead to greater introduction of bias,18

whereas chief complaints that trigger clear protocols (such as
ST-elevationmyocardial infarction [STEMI] or stroke alerts)
may tend towardmore prescriptive and, therefore, less biased
triage processes. We hope that by identifying the
circumstances under which racial disparities in triage appear,
we may better understand and thereby intervene and act
upon the phenomena that drive them.

METHODS
We conducted a retrospective analysis of all adult patient

visits between 2016–2019 to an urban academic ED with
nursing-led triage to acuity-based pods (including low-
acuity/fast-track, mid-acuity, and critical-care/high-acuity
pods) based on hospital-specific, resource-based guidelines.
Our analysis considered both the full set of visits and selected
chief complaints, which were chosen to represent four types
of complaint: “subjective” complaints were those relating to
patients’ reports of their own symptoms; “objective”
complaints were defined by numeric cutoffs in prehospital or
home assessments; “observed” complaints were subjectively
defined but reported based on assessments by a third party;
and finally, “protocolized” chief complaints were defined as
those for which triage is assigned by protocol.

For this, we included the three most common chief
complaints with at least a 20% rate of high-acuity triage (chest
pain and shortness of breath as “subjective” complaints and
altered mental status as “observed”). “Objective” complaints
included both the most common and highest acuity
complaints with numerical definitions (fever and
hypotension). Two common “protocolized” chief complaints
(STEMI and stroke) were also included. To better assess a
broad group of subjective complaints, we assessed an
additional category of any chief complaint including “pain,”
(approximately 10% of which was initially triaged as high

acuity). Chief complaints were identified via search and
manual review of free-text chief complaints entered at triage.
Racial categories were taken from data entered at time of
registration, with pooled categories including Black, White,
Asian,multiracial, other, and unknown.Records withmissing
variables (316 total) were excluded from the analysis.

We evaluated two outcomes of interest: relative probability
of initial triage to the high-acuity pod (Table 2a) and relative
probability of having required up-triage (reassignment to the

Population Health Research Capsule

What do we already know about this issue?
Racial disparities in triage can lead to less
aggressive care and worse outcomes.

What was the research question?
Is race-based triage more pronounced for
patients with subjective chief complaints, such
as pain and dyspnea?

What was the major finding of the study?
Black andHispanic patients were less likely than
similar White patients to be triaged to high-
acuity bays when presenting with chest pain
(aOR 0.76 for Black and 0.88 for Hispanic
patients), dyspnea (aOR 0.79 and 0.80), or any
pain (aOR 0.83 and 0.89). However, patients
whose complaints activated protocolized
pathways (e.g., “Code Stroke”) were triaged
identically across racial groups.

How does this improve population health?
Further integration of objective data (eg, vital
signs and ECGs) and protocols for specific
complaints may help reduce disparities
in triage.

Table 1.Summarized racial, gender, and age distribution of full adult
emergency department sample 2016–2019.

Mean age
(years)

Percentage
male

Percentage
high-acuity

triage Number

White 50.7 52.9% 19% 210,596

Black 42.4 52.7% 11.7% 32,645

Hispanic 34.0 49.9% 10.6% 49,973

Asian 41.5 47.1% 14.3% 14,875

Multiracial 41.48 51.5% 14.6% 8,216

Other 37.7 51.4% 11% 10,833

Unknown 39.4 53.7% 20.1% 7,154
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high-acuity pod) for patients ultimately requiring high-acuity
care (Table 2b). Logistic regression was performed to assess
the relationship between these outcome variables and self-
reported race, across both the full sample and by chief
complaint. Controls were included for gender, age (including
squared and bin terms), method of arrival (ambulance vs
walk-in), and final disposition (admission, observation,
discharge, or death).We performed analysis was performed in
R 4.1.0 (R Foundation for Statistical Computing, Vienna,
Austria),19,20 with results reported as odds ratios for ease of

interpretation. Although moderate collinearity was identified
among our control variables, variance inflation factors were
<2 in all cases, andmain effects were robust tomultiple model
specifications. (See Appendix 1 for representative sensitivity
analyses.) The study was reviewed and approved by the
hospital Institutional Ethics Review Board.

RESULTS
Of 297,355 adult ED visits analyzed, 66% (196,040) were

of patients who identified as White, approximately 10%

Table 2. (A) Adjusted odds of initial triage to high-acuity pod and (B) adjusted odds of initial lower-acuity triage among patients completing
emergency department (ED) course in high-acuity pod among adult ED patients 2016–2019, stratified by chief complaint. Controls included
for age, age squared, age categories (18–44 years, 45–64 years, 65+ years), ED death and admission. “Other” and “Unknown” racial
categories omitted for clarity. STEMI and stroke-alert patients were uniformly triaged to a high-acuity setting and, therefore, regression
analysis was not possible. Results reported as adjusted odds ratios with 95% confidence intervals.

2A. Adjusted odds of triage to high-acuity pod by race

Chief complaint All patients Chest pain Dyspnea Pain Fever Hypotension AMS

Black 0.76*** 0.77*** 0.79** 0.83*** 1.08 0.99 1.06

(0.73, 0.79) (0.67, 0.88) (0.68, 0.92) (0.75, 0.92) (0.85, 1.37) (0.70, 1.41) (0.44, 2.54)

Hispanic 0.87*** 0.88* 0.84* 0.89** 1 0.99 1.07

(0.84, 0.90) (0.78, 0.99) (0.72, 0.99) (0.82, 0.97) (0.77, 1.30) (0.76, 1.29) (0.46, 2.51)

Asian 1.06* 1.07 1.15 1.13 1.24 1.33* 2.63

(1.01, 1.12) (0.88, 1.30) (0.92, 1.44) (0.99, 1.30) (0.84, 1.82) (1.01, 1.75) (0.74, 9.30)

Multiracial 0.91* 1.15 0.9 1.05 0.69 1.05 2.32

(0.85, 0.98) (0.88, 1.50) (0.68, 1.20) (0.88, 1.26) (0.44, 1.06) (0.62, 1.78) (0.27, 20.20)

Gender (male) 1.26*** 1.55*** 1.27*** 1.58*** 1.03 1.21* 1.23

(1.23, 1.28) (1.43, 1.68) (1.18, 1.38) (1.50, 1.67) (0.91, 1.18) (1.04, 1.40) (0.82, 1.84)

BIBAª 3.01*** 2.66*** 1.78*** 2.59*** 2.16*** 2.39*** 1.80**

(2.95, 3.07) (2.45, 2.88) (1.64, 1.93) (2.45, 2.73) (1.88, 2.48) (2.04, 2.81) (1.20, 2.69)

Observations 297,034 16,171 13,150 73,486 4,108 6,331 638

2B. Adjusted odds of initial lower-acuity triage for patients requiring high-acuity resources prior to disposition by race

Chief complaint All patients Chest pain Dyspnea Pain Fever Hypotension AMS

Black 1.47*** 1.68*** 1.3 1.47*** 1.15 0 1.28

(1.33, 1.63) (1.25, 2.26) (0.90, 1.89) (1.18, 1.83) (0.49, 2.70) (0.00, Inf) (0.64, 2.55)

Hispanic 1.27*** 1.08 1.54* 1.11 1.34 1.28 1.17

(1.15, 1.40) (0.79, 1.47) (1.06, 2.24) (0.90, 1.37) (0.72, 2.48) (0.12, 13.10) (0.52, 2.63)

Asian 1.09 1.09 1.01 1.15 1.23 2.3 1.52

(0.94, 1.26) (0.70, 1.72) (0.57, 1.79) (0.85, 1.56) (0.65, 2.35) (0.26, 20.40) (0.53, 4.37)

Multiracial 1.11 1.64 1 1.59* 1.68 0 2.06

(0.91, 1.36) (0.98, 2.77) (0.45, 2.19) (1.08, 2.35) (0.53, 5.26) (0.00, Inf) (0.70, 6.05)

Gender (male) 0.91** 1.03 0.77* 0.91 0.94 0.35 1.34

(0.86, 0.96) (0.85, 1.25) (0.63, 0.95) (0.80, 1.03) (0.66, 1.35) (0.08, 1.48) (0.90, 2.02)

BIBAª 0.65*** 0.52*** 0.87 0.65*** 0.84 0.62 0.61*

(0.61, 0.69) (0.43, 0.63) (0.71, 1.07) (0.57, 0.74) (0.57, 1.23) (0.15, 2.52) (0.40, 0.94)

Observations 51,902 5,535 4,564 7,845 932 419 1,895

*P < 0.05; **P < 0.01; ***P < 0.001.
AMS, altered mental status; BIBA, brought in by ambulance.
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(29,214) who identified as Black, and 13% (38,396) who
identified as Hispanic. Patients were 48% (143,079) female,
52% (154,268) male, and had a mean age of 51 years.

Overall, the adjusted odds of triage to the high acuity pod
were lower for Black (adjusted odds ratio [aOR] 0.76, 95%
confidence interval [CI] 0.73-0.79 andHispanic patients aOR
0.87, 95% CI 0.84-0.90). Among our identified chief
complaints, this effect was only demonstrated for patients
with subjective chief complaints, including chest pain (aOR
0.76, 95% CI 0.73, 0.79 for Black, and aOR 0.88, 95% CI
0.78, 0.99 for Hispanic patients), dyspnea (aOR 0.79, 95%CI
0.68-0.92 for Black, and aOR 0.84, 95% CI 0.72-0.99 for
Hispanic patients), and any pain (aOR 0.83, 95% CI
0.75-0.92 for Black, and aOR 0.89, 95% CI 0.82-0.97 for
Hispanic patients). No differences were detected across
observed, numeric, or protocolized complaints.

We performed analysis of need for up-triage on the subset
of patients located in the high-acuity pod at time of ED
disposition (death, hospital admission, or discharge),
constituting approximately 16% of adult visits (51,959).
Patients were considered to have required up-triage if they
were initially assigned to a lower acuity pod and required
reassignment to the high-acuity pod during their ED course.
Racial differences were also identified in this measure, with
Black and Hispanic adults experiencing higher rates of up-
triage. This was demonstrated across the full all-complaint
study sample (aOR of 1.47, 95% CI 1.3-1.63 for Black,
and aOR of 1.27, 95% CI 1.15-1.40 for Hispanic adults), as
well as for Black patients presenting with chest pain (aOR
1.68, 95% CI 1.25-2.26), or any pain (aOR 1.47,
95% CI 1.1-1.83) and Hispanic patients presenting with
dyspnea/shortness of breath (aOR 1.54, 95% CI 1.06-2.24).
No differences were observed for observed, objective, or
protocolized complaints.

DISCUSSION
In our analysis we found that Black andHispanic adults in

our population were disproportionately triaged to lower
acuity areas, and that this phenomenon was more
pronounced for patients presenting with subjective chief
complaints. Further analyses demonstrated that of patients
requiring critical care/high-acuity resources at the time of ED
discharge, Black and Hispanic patients tended to have been
disproportionately triaged to lower acuity pods during initial
assessment. These findings suggest that the pattern of lower
acuity triage cannot be explained by true differences in
resource requirements over the ED course (ie, accurate
prediction of lower resource requirements related to less
severe clinical presentations), but rather a tendency to
consistently underestimate the needs of Black and Hispanic
adults. This pattern is also more pronounced for
patients presenting with subjective chief complaints,
suggesting that triage clinicians’ assessments of the severity

of patient-reported symptoms for Black and Hispanic
patients may have played a role in this underestimation.

Many potential mechanisms may underlie this pattern,
possibly including racially correlated differences in patients’
descriptions of their symptoms,21,22 differences in affective
communication and stoicism,23 differences in symptom
presentation from “canonical” cases historically used in
medical education,24,25 differences in style or content of
report or in actions taken by prehospital personnel,26

differential impact of clinicians’ cognitive “heuristics”
regarding disease presentation,27–29 and differences in
patient-clinician interaction style or other forms of bias.30–32

These phenomena may also have been exacerbated by
structural factors (such as ease of access to interpreter
services when needed, crowding, clinician fatigue or
cognitive burden, time of day, etc), which are beyond the
scope of our analysis. Reassuringly, we did not observe
racially correlated triage differences in protocolized
chief complaints.

LIMITATIONS
This was a single-center study that used an acuity-based

triage system to identify race-related differences in triage
assignment, potentially limiting generalizability of this
finding. This analysis also focused on a subset of ED chief
complaints that represent approximately 32% of total ED
presentations and were developed based on frequency,
acuity, and ease of identification in our data. It is possible
that these patterns would not emerge in a dataset where other
chief complaints were more common, more frequently
represented high-acuity presentations, or were more readily
identifiable. This analysis was also performed on data
collected under hospital-developed triage guidelines but
prior to the 2021-2022 implementation of a formalized
Emergency Severity Index (ESI) assignment protocol within
our system, which may alter these patterns.

In addition to the potential structural factors listed above,
we did not control for other interpersonal or individual
factors that may contribute to pod selection within this
system (including current staffing, hourly throughput time,
relative crowding, recent triage to the same pod, etc). Neither
did we assess nursing factors (including race, age, seniority,
languages spoken, etc.). Thus, further work will be needed to
both assess these additional factors and to identify potential
mechanisms underlying our findings.

CONCLUSION
Overall, our analysis identifies a pattern of significant

racial differences in triage accuracy, which tends to
underestimate the critical-care needs of Black and Hispanic
adults, especially those with symptom-based complaints,
potentially compromising both the timeliness and
appropriateness of their care. These findings suggest that
further work to better understand and improve triage
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encounters and the nature of the interactions within
them may be important in helping to reduce disparities in
ED care.
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Introduction: In this study we examined the association of homelessness and emergency department
(ED) use, considering social, medical, andmental health factors associatedwith both homelessness and
ED use. We hypothesized that social disadvantage alone could account for most of the association
between ED use and homelessness.

Methods: We used nationally representative data from the National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC-III). Emergency department use within the prior year was categorized
into no use (27,674; 76.61%); moderate use (1–4 visits: 7,972; 22.1%); and high use (5 or more
visits: 475; 1.32%). We used bivariate analyses followed by multivariable-adjusted logistic regression
analyses to identify demographic, social, medical, and mental health characteristics associated with
ED use.

Results: Among 36,121 respondents, unadjusted logistic regression showed prior-year
homelessness was strongly associated with moderate and high prior-year ED use (odds ratio
[OR] 2.31 and 7.34, respectively, P< 0.001). After adjusting for sociodemographic factors, the
associations of homelessness with moderate/high ED use diminished (adjusted OR [AOR] 1.27
and 1.62, respectively, both P < 0.05). Adjusting for medical/mental health variables, alone, similarly
diminished the association between homelessness and moderate/high ED use (AOR 1.26, P < .05
and 2.07, P < 0.001, respectively). In a final stepwise model including social and health
variables, homelessness was no longer significantly associated with moderate or high ED use
in the prior year.

Conclusion: After adjustment for social disadvantage and health problems, we found no statistically
significant association between homelessness and ED use. The implications of our findings
suggest that ED service delivery must address both health issues and social factors. [West J Emerg Med.
2023;24(5)894–905.]
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INTRODUCTION
Emergency departments (EDs) have long served as a

healthcare safety net for the medical needs of marginalized
populations in the US, such as people experiencing
homelessness.1 Over the past several years, there has been
increasing recognition that in providing this service, EDs
play a distinct role in delivering “social emergencymedicine”
to address the structural determinants of poor health such as
poverty, racism, inadequate housing, and food insecurity.2–4

“Emergency department use is costly,5 and some question the
appropriateness and efficiency of addressing social problems
within the ED and healthcare system, especially in the US
where social services are limited.5,6

Previous studies have shown that EDpatients are farmore
likely to be homeless than other adults.7,8 A multisite study
conducted in Northeastern Pennsylvania estimated that the
prevalence of homelessness in EDs ranged from 7–18%.7 At
one ED in New York City, 14% of patients were homeless
and 25% had been concerned about becoming homeless
during the prior two months.8 Homelessness is specifically
associated with high levels of ED use.9–14 National data from
the Veterans Health Administration found that patients
experiencing homelessness were 6.6 times more likely than
others to have more than 25 ED visits annually.15

Furthermore, patients experiencing homelessness are four
times more likely than others to re-present to the ED within
three days of a prior evaluation.16 Although homelessness is
strongly associated with high ED use, it may not be
independently associatedwith such use sincemany social and
medical factors may drive this association; however, this
needs to be empirically examined.

Previous research on ED utilization among patients
experiencing homelessness has been almost exclusively based
on data from patient populations sampled in clinical settings,
potentially biasing our understanding of how homelessness
relates to ED use in the general population.7–11,13–16 Few
studies have examined ED use in nationally representative
samples that included non-health service users. The few
available reports from community-based studies among
homeless individuals suggest that only a small minority
(8–12%) use the ED more than three times per year.17,18

Thus, there is a need to examine this issue in a nationally
representative sample.

In this study, we used a nationally representative survey,
the National Epidemiologic Survey on Alcohol and Related
Conditions (NESARC-III), to examine the association of
recent homelessness and factors that may be associated with
ED use.19 We hypothesized that social disadvantage
(eg, poverty, racism, educational attainment, and
neighborhood environment) might account for much of the
extensive ED use by homeless adults, although we suspected
that health-related factors would also play a role. We thus
sought to examine evidence to clarify how social, medical,
and mental health factors play into the association between

homelessness and ED use among the most socially
disadvantaged sectors of the US population.

METHODS
Data Source and Study Sample

We performed a cross-sectional analysis to assess the
association between homelessness and ED use using data
from NESARC-III. The NESARC-III is a nationally
representative survey of 36,906 adults, which includes
information on experiences of prior-year homelessness and
emergency care utilization as well as demographic and recent
social, medical, and mental health characteristics.19 This
data allows examination of the association of both recent
homelessness and other factors that are likely to be
associated with ED use, thus offering an examination of the
independent association of homelessness and ED use when
social, medical, and mental health factors are taken into
consideration. The survey was sponsored by the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) and
conducted between April 2012–June 2013 among the non-
institutionalized US civilian population ≥18 years old.19

Multistage probability sampling was used to randomly select
persons from this population. Primary sampling units were
individual counties or groups of contiguous counties.
Secondary sampling units consisted of area segments of
census-defined blocks. Households within the sampled

Population Health Research Capsule

What do we already know about this issue?
Previous research among patient populations
in clinical settings demonstrated a strong
association between homelessness and high
frequency ED use.

What was the research question?
Do social disadvantage and health-related
factors account for much of the extensive ED
use by homeless adults?

What was the major finding of the study?
Adjusted for social and health factors,
homelessness and ED use were not
significantly associated (AOR 1.27, 95% CI
0.79–2.03).

How does this improve population health?
The complex interplay between social and
medical issues should encourage the
development of service delivery models
linking these intersecting dimensions of need.
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secondary sampling units were then selected. Finally, eligible
adults within the sampled households were randomly
selected.19 An initial 43,364 eligible sample persons were
identified, and 36,309 participated in theNESARC-III, while
7,055 were classified as nonresponders, for a person-level
response rate of 84.0%.19

A total of 36,309 respondents completed the Alcohol Use
Disorder and Associated Disabilities Interview Schedule,
DSM-5 version (AUDADIS-5), a fully structured,
computer-assisted diagnostic interview conducted by trained
NIAAA interviewers.20 Institutionalized individuals (eg, in
nursing homes, prisons, hospitals, or shelters) were excluded
along with active duty military personnel. Racial/ethnic
minorities were oversampled to assure representative
analysis. Data was adjusted for oversampling and
nonresponse and then weighted to represent the US civilian
population based on the 2012 American Community
Survey.21 Informed consent was electronically recorded, and
respondents received $90 for participation. Institutional
review boards (IRB) at the US National Institutes of Health
and Westat, Inc. (Rockville, MD) approved the study
protocol. This study was approved by the IRBs of the
Department of Veterans Affairs Connecticut Healthcare
System and Yale School of Medicine.

MEASURES
ED Utilization

We measured the primary outcome variable, ED
utilization, based on self-report by respondents and
categorized into a three-level variable representing no use
(0 visits), moderate use (1–4 visits), and high use (5 or more
visits) in the prior year.

Sociodemographics
Sociodemographic characteristics included age, gender,

race, marital status, annual household income, level of
education, employment status, military service, rural vs
urban residence, and health insurance coverage.

Social History
Social history variables addressed homelessness,

incarceration, interaction with law enforcement, parental
social history, adverse childhood experiences such as sexual
abuse or neglect, experiences of racial discrimination, social
contacts, and social support. We created two dichotomous
homelessness variables that identified adults with
homelessness in the past year and homelessness prior to the
most recent past year. Lifetime homelessness was assessed
with this question: “Since you were 15, did you have a time
that lasted at least one month when you had no regular place
to live—like living on the street or in a car?” A separate
question—“In the last 12 months, have you at any time been
homeless?”—was the independent variable of central interest
in this study. A previous study using NESARC-III data

reported the lifetime and one-year prevalence of homeless to
be 4.2% and 1.5%, respectively.22

Other social history variables included questions such as
“During the last 12months, did you have serious troublewith
the police or law?” which was coded into a dichotomous
variable for police involvement. Experiencing racial
discrimination was a continuous variable assessed from six
questions within AUDADIS-5 that have been shown to have
good validity and reliability for measuring experiences of
racial discrimination.22 The six discrimination questions ask
about experienced racial discrimination in six contexts:
obtaining healthcare/health insurance; receiving care;
in public; obtaining a job; being called racist names; being
hit/threatened with harm.We used a Likert scale to assess the
frequency of experiences of discrimination in the past year:
0= never; 1= almost never; 2= sometimes; 3= fairly often;
or 4= very often.

Parental history included experiences of incarceration,
psychiatric hospitalization, suicide attempt or completion,
and substance use. The extent of social support was assessed
using the Interpersonal Support Evaluation List23,24:
perceived availability of others to share activities, talk about
one’s problems and from whom to potentially receive
material support. Social contacts were assessed through a
series of questions regarding how many people the
respondents had contact with in the previous two weeks,
which were summed to create an index of social contacts.
Veterans were identified as those who responded to the
question “Have you ever served on active duty in the U.S.
Armed Forces,Military Reserves, or National Guard?”with
“Yes, in the past, but not now.”

Medical, Mental Health, and Service Use History
Medical history variables included number of medical

comorbidities, up to 18; presence of moderate to severe pain;
number of injuries in the past year; cancer history; bodymass
index (BMI)> 40; and mental- and physical health-related
quality of life. Respondents were asked whether or not they
had each of 18medical conditions (eg, arthritis, diabetes, and
insomnia) in the past 12 months. Those who responded
positively were further asked, ‘‘Did a doctor or health
professional tell you that you had [a medical condition]?’’
Using these two questionnaire items for each medical
condition, we created a measure of chronic conditions
experienced in the past year. Quality of life was measured
using the Short Form-12, version 2 (SF-12), a reliable and
valid measure of health status commonly used in population
surveys.25,26 The 12 questions can be scored into subscales to
yield a mental component summary (MCS) score and a
physical component summary (PCS) score as well as overall
subjective health status. The number of injuries reported by
respondents was assessed by the question, “During the last
12 months, how many injuries have you had that caused you
to seek medical help or to cut down your usual activities for
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more than half a day?” This variable was measured as a
continuous variable.

We assessed lifetime or past year presence of DSM-5
mental health diagnoses with the AUDADIS-5 and included
the following: mood disorders (major depressive disorder,
bipolar I disorder, dysthymia); anxiety disorders (generalized
anxiety disorder, specific phobia, panic disorder); post-
traumatic stress disorder (PTSD), and eating disorder. We
used AUDADIS-5 scoring for all disorders except
schizophrenia/psychosis, which was addressed with the
following question, “Did a doctor or other health
professional tell you that you had schizophrenia or a
psychotic illness or episode?” Personality disorders included
antisocial, borderline, and schizotypal. Lifetime and past
year substance use disorders (SUD) included alcohol use
disorder, as well as cannabis, cocaine, opiate, heroin,
stimulant, and sedative use disorders (considered together as
non-alcohol drug use disorders), and tobacco use disorder.

Multimorbidity was addressed with dichotomous
variables indicating the following: the presence of only one
psychiatric diagnosis and another indicating two or more
such diagnoses; the presence of only one SUD diagnosis and
another indicating two or more such diagnoses. An
additional measure captured the presence of both psychiatric
disorder and SUD (dual diagnosis).

Data Analysis
We used a series of bivariate analyses to evaluate the

association of each demographic, social, or medical and
mental health characteristic with each level of ED usage.
Because there was inflated statistical power given the large
sample size, we selected variables for inclusion in subsequent
multivariable analyses based on effect sizes rather than
P-values. We identified risk ratios> 1.5 or< 0.7 as
representing substantial and meaningful effects for
dichotomous variables.27 For continuous variables we used
Cohen d as an indicator of effect size, with d> 0.20 or<−0.20
indicating at least a small effect size.28

We then conducted a series of four logistic regression
analyses conducted separately with different sets of
independent variables, all including past year homelessness.
The first logistic regressionwas unadjusted and included only
past year homelessness as the independent variable. The
second model was adjusted only for demographic and social
variables meeting criteria for substantial bivariate effects and
thus evaluated the concurrent role of social determinants of
health. A third logistic model examined only co-occurring
medical and mental health variables showing substantial
association with ED use in bivariate analyses. We included
variables regarding parental suicide, drug use, and
psychiatric hospitalization in the third (health) model,
whereas parental prison history was included in the second
model of non-medical social risk factors. Finally, we entered
all variables with meaningful effect sizes per the above

criteria into a stepwise multinomial logistic regression
analysis with forward selection to identify a parsimonious set
of statistically significant factors that were independently
associated with moderate and high ED use. Since all these
variables had passed the effect size screens on bivariate
analysis, we applied a conventional P < 0.05 level of
statistical significance to these models.

We computed standardized regression coefficients to
allow identification of variables most strongly associated
with ED use. Comparison of −2 log likelihood indicators
were used to assess goodness of fit with larger values
indicating superior fit. We performed all analyses using SAS
version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS
Sample

Of the total 36,121 respondents with complete data,
27,674 (76.61%) reported no ED use in the past year, 7,972
(22.07%) reported moderate ED use, and 475 (1.32%)
reported high use. Having experienced homelessness within
the past year was reported by 559 (1.55%) respondents, and
1,541 (4.27%) responded that they had experienced
homelessness within their lifetime.

Bivariate Correlates of ED Use
Bivariate analyses showed past year homelessness

(relative risk [RR]= 6.83) to be among the three variables
most strongly associated with high ED use, exceeded only by
past year suicide attempt (RR= 11.51) and receipt of a
diagnosis of schizophrenia or psychosis in the past year
(RR= 8.61) (Tables 1–3). Demographic variables
substantially associated with moderate and high ED use
included receiving disability benefits (RR= 2.71 and
RR= 7.68, respectively). Having a college education was
protective (Table 1).

Among the social variables (Table 2) associated with
moderate and high ED use, homelessness in the past year
(RR= 2.27 and RR= 6.83) and homelessness within one’s
lifetime (RR= 1.97 and RR= 4.38) were associated with the
highest relative risk. Experiencing trouble with the police
(RR= 4.17) and history of incarceration before and after age
18 (RR= 3.74 and RR= 2.64) were also associated high ED
use, as were adverse childhood events such as neglect, sexual
abuse, parental suicide attempts, parental suicide
completion, parental imprisonment, parental drug use, and
parental psychiatric hospitalization. As Black race was
associated with high ED use, it should be noted that
experiencing racial discrimination in the past year was also
significantly associated with high ED use.

Health status variables (Table 3) associatedwithmoderate
and high ED use included worse general health (Cohen
d= 1.11 and 1.12), experiencingmoderate or severe pain, and
a BMI> 40. Higher scores on both the PCS and MCS
were protective.
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Table 1. Bivariate associations of demographic variables with emergency department use.

ED use
Group 1

N= 27,674

ED use
Group 2
n= 7,972

ED use
Group 3
n= 475 Bivariate analysis

0 visits 1–4 visits ≥5 visits 2 vs 1 3 vs 1
Variable mean (SD)/% mean (SD)/% mean (SD)/% RR/Cohen d* RR/Cohen d*

Gender

Male 49.15% 44.91% 36.57% 0.91 0.74

Age* 46.25 (17.48) 47.61 (18.76) 44.82 (17.59) 0.08 −0.08
Annual income

<$20,000 20.80% 28.20% 51.05% 1.36 2.45

$20,000–40,000 23.47% 26.46% 25.81% 1.13 1.1

$40,000–60,000 22.51% 20.87% 11.77% 0.93 0.52

>$60,000 33.22% 24.47% 11.39% 0.74 0.34

Race

Black 10.74% 15.01% 20.90% 1.4 1.95

White 66.26% 66.37% 61.79% 1 0.93

Hispanic 15.25% 13.17% 10.09% 0.86 0.66

Other 7.75% 5.45% 7.24% 0.7 0.93

Marital status

Separated or divorced 12.81% 16.89% 25.09% 1.32 1.96

Widowed 5.27% 7.48% 8.54% 1.42 1.62

Never married 22.58% 21.82% 29.68% 0.97 1.31

Married or cohabitating 59.34% 53.81% 36.69% 0.91 0.62

Employment

Receives disability 3.61% 9.77% 27.70% 2.71 7.68

Looking for work 6.98% 8.65% 13.99% 1.24 2

Other employment 16.92% 17.60% 18.89% 1.04 1.12

Retired 16.68% 20.76% 14.11% 1.24 0.85

Employed 72.36% 63.01% 49.85% 0.87 0.69

Military service

Any military service 9.08% 11.94% 10.54% 1.32 1.16

Rurality

Urban 78.96% 78.21% 75.06% 0.99 0.95

Highest level of education

Pre-high school 12.17% 15.27% 23.65% 1.26 1.94

High school 25.01% 28.31% 31.24% 1.13 1.25

Pre-college 32.41% 35.29% 36.49% 1.09 1.13

College 30.42% 21.14% 8.62% 0.69 0.28

Health insurance coverage

Medicaid 8.22% 16.58% 32.40% 2.02 3.94

VA Tricare 4.18% 6.42% 8.20% 1.53 1.96

Medicare 19.43% 27.71% 32.85% 1.43 1.69

Any insurance 79.43% 83.49% 85.30% 1.05 1.07

Private insurance 59.83% 51.99% 35.23% 0.87 0.59

Bivariate analyses compare moderate and high ED users to non-users.
*Denotes continuous variable with Cohen d for measure of association.
ED, emergency department; RR, relative risk; VA, Veterans Administration.
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Among the mental health variables associated with ED
use (Table 3), suicide attempt in the past year was the most
strongly associatedwith bothmoderate (RR= 5.01) and high
ED use (RR= 11.51). Moderate and high ED use were both
associated strongly with personality disorders and diagnosis
of schizophrenia or psychosis within one’s lifetime.
Having more than one substance use disorder, more
than one psychiatric disorder, or dual diagnosis within
the past year were also all associated with moderate and high
use (Table 3).

Multivariate Multinomial Logistic Regression Analyses
Unadjusted logistic regression analysis demonstrated that

people with experience of homelessness within the past year
were approximately twice as likely to report moderate ED
use (odds ratio [OR] 2.31; 95% confidence interval [CI]
1.93–2.76; P < 0.001) and seven times more likely to report
high ED use (OR 7.34; 95% CI 5.04–10.68; P < 0.001)
compared to those without past year experience (Figure 1).

After adjusting only for demographic, social variables, the
association of homelessness and its statistical significance
were greatly diminished as people with past year experience
of homelessness were only 27% more likely to report
moderate ED use than others (adjustedOR [AOR] 1.27; 95%
CI 1.05–1.54; P = 0.014) and 62% more likely to report high
EDuse (AOR1.62; 95%CI, 1.05–2.50;P = 0.030) (Figure 1).

The third model, which adjusted only for medical and
mental health variables, also showed marked decline in ORs
compared to the unadjusted model as participants
experiencing past year homelessness were 26%more likely to
report moderate use (AOR 1.26; 95% CI 1.03–1.55;
P = 0.025) and about twice as likely as to have high ED use
(AOR 2.07; 95% CI, 1.33–3.24; P = 0.001).

In the final stepwise model with forward selection at P <
0.05, including all substantially important variables (social,
medical, and mental health), homelessness was no longer
significantly associated with either moderate or high ED use
at P < 0.05. A further analysis in which past year

Table 2. Bivariate associations of social variables with emergency department use.

ED use Group 1
n= 27,674

ED use Group 2
n= 7,972

ED use Group 3
n= 475 Bivariate analysis

0 visits 1–4 visits ≥5 visits 2 vs 1 3 vs 1
Variable mean (SD)/% mean (SD)/% mean (SD)/% RR/ Cohen d* RR/ Cohen d*

Homelessness

Past year 1.14% 2.59% 7.81% 2.27 6.83

Lifetime 3.39% 6.68% 14.84% 1.97 4.38

Incarceration history

Police trouble in past year 1.30% 2.50% 5.41% 1.92 4.17

Incarcerated before age 18 3.33% 5.86% 12.47% 1.76 3.74

Incarcerated after age 18 9.56% 14.91% 24.47% 1.61 2.64

Social history and social support

History of child neglect* 12.22 (5.02) 13.49 (6.21) 15.62 (8.35) 0.19 0.52

History of child sexual abuse* 4.37 (1.54) 4.76 (2.40) 5.49 (3.18) 0.17 0.47

Racial discrimination in the
past year*

1.21 (.43) 1.29 (.52) 1.47 (.70) 0.14 0.48

Social support* 3.02 (.464) 2.96 (.51) 2.83 (.61) −0.12 −0.37

Number of contacts in the
past two weeks*

16.36 (15.08) 15.91 (15.08) 14.28 (14.28) −0.02 −0.11

Parental history

Parent with suicide attempt 2.81% 4.20% 10.46% 1.49 3.72

Parent with prison history 6.48% 11.49% 19.07% 1.77 2.94

Parent with suicide completion 0.86% 0.98% 2.42% 1.14 2.82

Parent with drug use history 4.99% 8.15% 11.26% 1.63 2.38

Parent psychiatric hospitalization
history

4.74% 7.47% 11.26% 1.58 2.38

Bivariate analyses compare moderate and high ED users to non-users.
*Denotes continuous variable with Cohen’s d for measure of association.
ED, emergency department; RR, relative risk.
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homelessness was forced into the model to assess the point
estimate of the effect size association of recent homelessness
with ED use showed an AOR for moderate ED use of 1.13
(95% CI 0.91–1.40, not significant) and AOR 1.27 (95% CI
0.79–2.03, not significant) for high ED use (Figure 1).

Closer examination of the final model (Table 4) showed a
notable commonality in variables associated with both
moderate and high ED use (Table 4). Variables with the
highest associations with moderate use included number of

injuries (AOR 1.79, 95% CI 1.73–1.86, standardized
regression coefficient [SRC]= 0.8), number or medical
conditions (AOR 1.33, 95% CI 1.30–1.37, SRC= 0.18), and
Medicaid insurance (AOR 1.49, 95% CI 1.37–1.62,
SRC= 0.07).

Variableswith the strongest independent associationswith
high ED use also included number of injuries in the past year
(AOR= 1.82, 95% CI 1.75–1.89, SRC= 0.82), number of
medical conditions (AOR= 1.53, 95% CI 1.43–1.64,

Table 3. Bivariate associations of medical and mental health variables with emergency department use.

ED use Group
1 n= 27,674

ED use Group
2 n= 7,972

ED use Group
3 n= 475 Bivariate analysis

0 visits 1–4 visits ≥5 visits 2 vs 1 3 vs 1
Variable mean (SD)/% mean (SD)/% mean (SD)/% RR/Cohen d* RR/Cohen d*

Psychiatric and substance use disorders

Past year suicide attempt 0.10% 0.50% 1.16% 5.01 11.51

Schizotypal disorder 5.04% 10.10% 22.14% 2.01 4.4

Antisocial disorder 3.58% 6.48% 15.61% 1.81 4.37

Lifetime diagnosis of schizophrenia or
psychosis

1.73% 3.57% 7.41% 2.07 4.29

Past year greater than one substance
use disorder diagnosis

1.79% 3.54% 6.84% 1.98 3.82

Past year single drug use disorder
diagnosis

3.15% 5.93% 11.30% 1.88 3.58

Past year greater than one psychiatric
diagnosis

6.72% 13.51% 23.34% 2.01 3.47

Borderline personality disorder 7.96% 16.87% 29.72% 2.01 3.47

Past year dual diagnosis: psychiatric/
substance use disorder

4.00% 7.16% 9.48% 1.79 2.37

Past year single psychiatric diagnosis 12.57% 16.91% 24.93% 1.35 1.98

Multiple recurring traumas 12.86% 16.00% 22.00% 1.24 1.71

Lifetime alcohol use disorder diagnosis 27.97% 32.56% 38.13% 1.16 1.36

Past year single substance use disorder
diagnosis

12.85% 15.03% 17.01% 1.17 1.32

Past year alcohol use disorder
diagnosis

13.16% 16.05% 17.01% 1.22 1.29

Medical history

Medical conditions (range 1–18)* 0.62 (0.97) 1.28 (1.48) 2.26 (1.97) 0.45 1.12

Number of injuries* 0.20 (2.11) 0.96 (4.50) 2.44 (8.00) 0.16 0.46

General health (scale of 1 to 5)* 2.33 (1.04) 2.84 (1.15) 3.64 (1.14) 1.11 0.46

Short Form-12 mental component* 51.62 (9.18) 48.63 (11.42) 43.37 (12.56) −0.27 −0.75
Short Form-12 physical component* 50.91 (9.49) 45.51 (12.37) 36.68 (12.85) −0.47 −1.23

Moderate or severe pain 15.80% 32.77% 63.90% 2.07 4.04

Any history of cancer 3.65% 6.20% 12.94% 1.70 3.55

BMI >40 3.76% 6.76% 10.78% 1.8 2.86

Bivariate analyses compare moderate and high users to non-users.
*Denotes continuous variable with Cohen’s d for measure of association.
ED, emergency department; RR, relative risk; BMI, body mass index.
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SRC= 0.27), and Medicaid insurance (AOR= 1.97, 95% CI
1.55–2.51, SRC= 0.11), along with parental drug use history
(AOR 1.95, 95% CI 1.40–2.71; SRC= 0.09). The strongest
protective variables for both moderate and high ED use
included high SF-12 component scores, college education,
and being married or cohabitating.

Comparison of −2 log likelihood indicators of model fit
showed the model of homelessness alone (−2LL=−41495,
degrees of freedom [df]= 2) had a poorer goodness of fit than
both the model of social (−2LL= 38,777, df= 40) and the
model of medical and mental health factors alone (−2LL=
36,076, df= 52), and all three had a poorer model fit than the
final combined stepwisemodel (−2LL= 35,188, df= 42) with
each model fit significantly superior to that of the previous
model at P < 0.005.

DISCUSSION
This study showed that homelessness was strongly

associated with ED use in an unadjusted model, as has been
found in many other studies.9–14 However, estimates of the
independent association of homelessness and ED use,
adjusting first for measures of demographic characteristics
and social disadvantage and then separately for medical and
mental health, showed that both sets of factors largely
accounted for this association. This suggests an important
potential mediating role of these factors. The association of
homelessness with ED use was further reduced to non-
significance when both types of factors were included
as covariates.

The strongest risk factors in the final model were injuries,
medical conditions, Medicaid coverage, and parental drug
use while the strongest protective variables were high

physical- and mental health-related quality of life, college
education, and beingmarried or cohabitating. These findings
are consistent with existing literature that has demonstrated
lower socioeconomic status, lower educational attainment,
public insurance, and poorer perceived health were
predictors of frequent ED use.29 Physical injuries have also
been shown to be associated with frequent ED visits,
including return visits.30

The strong unadjusted association between homelessness
and ED use is consistent with prior literature.15,31 However,
in this study we further considered medical and social factors
as separate blocks to explore the association of homelessness
and ED use adjusting for these factors. Additionally, our
study was based on a nationally representative sample
extending its generalizability to populations that included
people outside clinical settings.17,18 The NESARC-III
dataset was also exceptional in the rich array of social
variables unavailable in medical records (eg, education,
parental histories, adverse childhood events, social isolation,
and criminal justice interaction.)

Implications
It has been suggested that the high cost of healthcare in the

US compared to other wealthy countries reflects limited
provision of social services.5 Health policy experts
increasingly recognize the social determinants of health, and
federal and local initiatives are emerging to address social
needs and reduce healthcare service use and costs, including
ED costs.32,33 While frequent ED users represent only 4–8%
of ED patients, they account for 21–28% of all ED visits and
generate significant costs.34 Recent studies show that
individualized case management interventions can modestly

Figure 1. Association of past year homelessness with moderate and high ED use: Unadjusted and Adjusted Odds ratios from multinomial
logistic regression models. OR, odds ratio.

Volume 24, No. 5: September 2023 Western Journal of Emergency Medicine901

Ryus et al. National Sample of ED Use Among Recently Homeless Adults



reduce ED use.35–37 Other studies that focus on primary care
access are less promising since most frequent ED users
already use high levels of primary care.15 Housing-focused

initiatives significantly reduce homelessness but have had
limited effect on the physical or mental health of clients, on
decreasing ED use, or on reducing health service costs. 38–42

Table 4. Stepwise multinomial logistic regression models of the association of ED use and social, medical, psychiatric, and substance use
disorders.

Variable

Moderate ED use vs Non-use*

Variable

High ED use vs Non-use*

OR (95% CI)

Standardized
regression
coefficient OR (95% CI)

Standardized
regression
coefficient

Number of injuries 1.79
(1.73–1.86)

0.8 Number of injuries 1.82
(1.75–1.89)

0.82

Medical conditions 1.33
(1.30–1.37)

0.18 Short Form-12 physical
component

0.95
(0.94–0.96)

−0.32

Short Form-12 physical
component

0.98
(0.977–0.983)

−0.12 Medical Conditions 1.53
(1.43–1.64)

0.27

Medicaid insurance 1.49
(1.37–1.62)

0.07 College education 0.47
(0.32–0.68)

−0.19

Short Form-12 mental
component

0.99
(0.987–0.993)

−0.06 Married or cohabitating 0.56
(0.45–0.69)

−0.16

Black 1.34
(1.23–1.46)

0.05 Short Form-12 mental
component

0.98
(0.966–0.984)

−0.14

Any traumatic experience 1.2
(1.13–1.27)

0.05 Medicaid insurance 1.97
(1.55–2.51)

0.11

College education 0.81
(0.76–.87)

−0.05 Parent with drug use history 1.95
(1.40–2.71)

0.09

Past year suicide attempt 3.03
(1.74–5.27)

0.03 Black 1.56
(1.19–2.05)

0.08

VA Tricare 1.29
(1.14–1.46)

0.03 Racial discrimination in the
past year

1.35
(1.14–1.59)

0.07

Parent with prison history 1.23
(1.11–1.37)

0.03 Police trouble in past year 2.06
(1.25–3.38)

0.05

Borderline personality
disorder

1.20
(1.09–1.21)

0.03 Past year homelessness ** **

Social support 1.14
(1.07–1.21)

0.03 Past year suicide attempt ** **

History of child sexual abuse 1.03
(1.01–1.04)

0.03 VA Tricare ** **

Past year greater than one
substance use disorder
diagnosis

1.28
(1.08–1.52)

0.02 Past year greater than one
substance use disorder
diagnosis

** **

Married or cohabitating 0.91
(0.86–0.97)

−0.02 Parent with prison history ** **

Past year homelessness ** ** Any traumatic experience ** **

Police trouble in past year ** ** Borderline personality
disorder

** **

Parent with drug use history ** ** Social support ** **

Racial discrimination in the
past year

** ** History of child sexual abuse ** **

*All variables with a P-value for Wald chi-square <.01.
**Variable not included in the final stepwise regression.
ED, emergency department; OR, odds ratio; CI, confidence interval; VA, Veterans Administration.
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These mixed findings suggest there is a larger context
beyond service integration and supported housing that
requires attention.

The concurrence of homelessness, social disadvantage,
and chronic medical and mental illness points to a
vulnerability deeper than merely having multiple, chronic
illnesses and may be best understood through the evolving
concept of allostatic burden.43 Allostasis is the general
adaptive capacity of a person to respond effectively to
physical or social demands. Allostatic burden refers to the
magnitude of the demand for and potential failure of
adaptive capabilities. In individuals with high allostatic
burden, the cumulative effect of chronic stress and life events
overwhelms adaptive capacities in a broad sense. Allostatic
burden has been shown to be associated with poorer health
outcomes in cardiovascular disease, diabetes, preeclampsia,
geriatric frailty, periodontal disease, PTSD, psychotic
disorders, and alcohol dependence,43 and to arise from
conditions of poverty, segregation, discrimination, sexual
trauma, and low educational attainment and thus exceeds
any conception of chronic disease that merely reflects
illnesses continuing over a long-term course.43 Many
indicators of allostatic burden were significant in our model
of high ED use and are disproportionately represented in the
homeless population. While no studies to date have
examined the association of allostatic load and frequent ED
use, the allostatic burdenmodel may facilitate understanding
of frequent ED use, and specifically high use among people
experiencing homelessness.

In recognition of what is currently known, social
emergency medicine (EM) should be added to the EM
research agenda and included in the core curriculum for ED
residents via both didactics and community-based
learning.44 A useful framework could differentiate three
distinct levels of care: acute care for immediate problems
(eg, appendicitis, traumatic injuries); acute-on-chronic
care for urgent treatment of exacerbated heart failure;
diabetic ketoacidosis, etc; and care for long-term
overwhelming allostatic burden, the complex of lifelong
social and medical problems that challenges the ability
of an individual to maintain themselves in the society
in which they live, and about which much remains to
be learned.2,44

LIMITATIONS
Several limitations warrant consideration. First, specific

data on the immediate reasons for individual ED visits were
not available in NESARC-III. While medical and mental
health problems account for much of the association
between ED use and homelessness, it is unclear whether ED
visits were directly related to treatment of these health issues.
Previous studies found that the majority of visits among
patients with mental illness were for physical health
conditions rather than reasons related to mental

health.45–48 We heuristically separated medical and
mental health problems but recognize that they are
tightly intertwined.49–51

Second, our study was cross-sectional and cannot support
conclusions about causality. The variable representing
homelessness referred to prior year homelessness without
data on the recency or chronicity of the homelessness
episode. Additionally, our cross-sectional data is from
2012–2013 and associations may have changed in the
intervening time. Our findings suggest trends to be explored
in longitudinal studies of how ED use among homeless
adults, as well as others, relates to overwhelming long-term
allostatic burden.

Third, the sample excluded institutionalized adults,
omitting pertinent populations at high risk for homelessness
such as incarcerated individuals and those in homeless
shelters. This limitation is not unique to our study, although
it is more comprehensive than in previous literature. Finally,
someNESARC-III variables themselves are imprecise and of
uncertain validity. Homelessness and ED use were based on
self-report and thus subject to recall bias. The ED use item
was limited to a maximum of 10 or more visits per year,
limiting the precision with which we could analyze the
construct of “high” ED use. It is possible that at the extremes
of ED use, there may have been an even stronger association
with homelessness and other evidence of extreme
allostatic burden.15

CONCLUSION
Homeless individuals use the EDat higher rates than other

individuals, but when adjusting for other social and medical
factors, we did not find an independent association between
homelessness and higher ED usage. This highlights the
complex interplay between social and medical issues and
should encourage the development and evaluation of more
fully integrated training and service delivery models linking
these intersecting dimensions of need.
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An overwhelming body of evidence points to an inextricable link between race and health disparities in
the United States. Although race is best understood as a social construct, its role in health outcomes has
historically been attributed to increasingly debunked theories of underlying biological and genetic
differences across races. Recently, growing calls for health equity and social justice have raised
awareness of the impact of implicit bias and structural racismon social determinants of health, healthcare
quality, and ultimately, health outcomes. This more nuanced recognition of the role of race in health
disparities has, in turn, facilitated introspective racial disparities research, root cause analyses, and
changes in practicewithin themedical community. Examining the complex interplay between race, social
determinants of health, and health outcomes allows systems of health to create mechanisms for checks
and balances that mitigate unfair and avoidable health inequalities.

As one of the specialties most intertwined with social medicine, emergency medicine (EM) is ideally
positioned to address racism in medicine, develop health equity metrics, monitor disparities in clinical
performance data, identify research gaps, implement processes and policies to eliminate racial health
inequities, and promote anti-racist ideals as advocates for structural change. In this critical review our aim
was to (a) provide a synopsis of racial disparities across a broad scope of clinical pathology interests
addressed in emergency departments—communicable diseases, non-communicable conditions, and
injuries—and (b) through a race-conscious analysis, develop EM practice recommendations for
advancing a culture of equity with the potential for measurable impact on healthcare quality and health
outcomes. [West J Emerg Med. 2023;24(5)906–918.]

Keywords: health disparities; social determinants of health; structural racism; implicit bias.
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INTRODUCTION
Social determinants of health (SDoH) as defined by the

US Centers for Disease Control and Prevention (CDC) are
the conditions inwhich people live, learn, work, and play that
are determined by the distribution of money, power, and
resources and that affect a wide range of health and quality-
of-life risks and outcomes.1 Influenced by the social construct
of race, SDoH exert disparate impacts on the health of
subpopulations. Economic disparities disproportionately
place Black, indigenous, and people of color (BIPOC) within
zones marked by substandard health promotion and
excessive health risks. The compounding nature of adverse
SDoH, such as housing instability, food insecurity, poor
healthcare access, and hazardous exposures, has serious
health implications. Health disparities are the
profound downstream effect of the socioeconomic
disadvantages that BIPOC endure under the moniker
structural racism.

In addition to structural racism, implicit bias—defined as
unconscious attitudes, positive or negative, toward a person,
group, or idea—often leads to differential treatment based on
perceived race.2,3 Implicit bias further restricts quality
healthcare as a separate factor above and beyond inequities
of structural racism. Emergency department (ED) data
indicates that Black (vs White) patients have longer
treatment wait times,4 longer lengths of stay,5 and lower
triage acuity levels.6 Additionally, Black ED patients have a
10% lower likelihood of admission and 1.26 times higher
odds of ED or hospital death than White patients.7

Research also suggests that physicians’ own implicit racial
biases may contribute to disparities in healthcare quality
and delivery.8–10

In this critical review we explore the complex effects of
race, implicit bias, and structural racism on SDoH,
healthcare quality and, ultimately, health outcomes.
Although not intended as a comprehensive literature review
on health disparities, this exercise informs a conceptual
framework through which actionable steps and practice
recommendations for emergency medicine (EM) are
proposed as one part of a larger systemwide effort that
requires thoughtful action and transformative policy to
dismantle the hard-wired inequities of structural racism and
advance health equity.

METHODS
Critical Review Methodology

We conducted a broad-scope critical review of the extant
health disparities literature across three areas of clinical
pathology interest: communicable diseases; non-
communicable conditions; and injuries. The review was
conducted through a race-conscious lens to examine the
impact of race on health outcomes and inform a conceptual
framework for the development of actionable steps and
practice recommendations.

Critical reviews include “a degree of analysis and
conceptual innovation” resulting in a product capable of
launching a new phase of evaluation.11 According to Grant
and Booth, the critical review does not call for a systematic
evaluation of all the literature related to a topic, but rather
the emphasis is on the contribution of each piece of evidence
included to the review’s conceptual product.11 As described
by the Search, Appraisal, Synthesis, and Analysis
framework, critical reviews are designed to identify key
findings in the field of interest (health disparities literature),
evaluate the evidence in accordance with its contribution
(racial health disparities attributable to SDoH), synthesize
the evidence in organized fashion (clinical pathology
interests relevant to EM), and provide a conceptual output of
analysis that contributes to the literature (actionable steps
and practice recommendations).11

In this review we aimed to examine racial health
disparities through the SDoH model and apply
socioenvironmental theory12 and resource deprivation
theory13 as race-conscious filters through which racial
disparities data is analyzed and synthesized (Table 1).
The analysis informed the conceptual framework through
which we developed and propose actionable steps and
practice recommendations.

RESULTS
Communicable Diseases
HIV/AIDS

Racial and ethnic disparities in the incidence and
prevalence of HIV infection and AIDS have been
documented in the US since the 1980s.14 Despite prevention,
identification, and treatment advances, Black-White and
Hispanic-White disease incidence disparities have increased
since 1984. In 2013, Blacks andHispanics accounted for 46%
and 21% of new HIV infections and 49% and 20% of new
AIDS diagnoses despite representing 12% and 16% of the
total US population, respectively.14 AlthoughHIV incidence
rates have improved in recent decades, Blacks and Hispanics
have benefitted less from antiretroviral therapy
advancements.15 Incidence rates (IR) have declined with the
advent of pre-exposure prophylaxis (PrEP); however, PrEP
usage remains disparately low among Black (5.9%) and
Hispanic (10.9%) adults with an indication as compared to
Whites (42.1%).16,17

ED Actionable Steps: Increase access to HIV testing and
referrals to PrEP and post-exposure prophylaxis.

Viral Hepatitis
Hepatitis C virus (HCV) is the leading cause of liver

disease-related death in theUS.18Racial disparities in disease
prevalence exist at a rate greater than twice that of Whites;
Blacks in the US have the highest prevalence ratio (PR) of
disease (PR 2.29, 95% confidence interval [CI] 1.94–2.70).18

Rates of treatment for chronic hepatitis C are also higher
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among Whites as compared to Black, Hispanic, and Asian
individuals.19 Direct-acting antivirals (DAA) became
available in 2014 and are achieving greater than 90% cure
rates.20 Early research found that Black and Hispanic
patients were less likely than Whites to benefit from DAA
initiation (adjusted rate ratio [aRR] 0.7, 95% CI 0.7–0.8 and
0.8, 95% CI 0.7–0.9, respectively).21 Follow-up data from a
national cohort found that these racial-ethnic gaps had
closed by 2016; however, more recent data is needed to
determine whether equitable access has persisted beyond
initial evidence-driven efforts.20

ED Actionable Steps: Increase access to HCV testing and
referrals to DAA treatment.

Sexually Transmitted Infections
Disparities in sexually transmitted infections (STI) have

been described extensively in the literature. Rates of
primary and secondary syphilis, HIV/AIDS, chlamydia,
and gonorrhea among Blacks range from 5.4 to 17.8 times
the rates among Whites in the US.22 The SDoH associated
with increased STI prevalence have been discussed
extensively, ranging from inequities in healthcare, income,
incarceration, residential segregation, and substance use,
among others.23,24 Importantly, prevalence must be
interpreted within the context of STI screening, the
odds of which are higher among Black and Hispanic
women than their White counterparts (adjusted odds
ratio [aOR] 2.56, 95% CI 2.60–3.10 and 1.42, 95% CI
1.39–1.46, respectively).25

ED Actionable Steps: Increase access to STI testing and
ED-based treatment.

Diarrheal Disease
An estimated 500,000 cases of shigellosis occur annually in

theUS.26 Incidence rates of infection per 100,000 are greatest
among Black (7.2) and Hispanic (5.6) individuals as
compared to Whites (2.6).26 Despite the preventable nature
of shigellosis, an analysis of over 25,000 laboratory-
confirmed cases reported to the CDC found a strong

association between its incidence and residence in areas
marked by US Census Tract-level poverty and household
crowding. Racial and ethnic IR disparities, however,
persisted even after controlling for these socioeconomic
indicators,26 and the rates of severe infection among adults
are highest among Black persons.27 Similarly, Black (vs non-
Black) infants<6 months in age had higher rates of diarrhea-
associated hospitalizations that persisted even after the
introduction of the rotavirus vaccines in 2006.28

EDActionable Steps: Educate patients and parents about
transmission mechanisms andmitigation strategies (eg, hand
hygiene, low-cost water treatment options, vaccination),
and consider offering vaccination in the ED when necessary
and reasonable.

Pandemic Respiratory Viral Infection
Disparities exist among pandemic respiratory viral

infections, including influenza H1N1 and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), resulting
in higher disease incidence and mortality among minority
groups.29–31 Coronavirus disease 2019 (COVID-19) cases and
hospitalization rates were 2.5-4.5 times higher among Black,
Hispanic, and Native American populations than Whites.
Through May 2021, COVID-19 deaths among Hispanic and
Black populations were 17% and 10% greater, respectively,
than expected by US population representation after
controlling for age.32 Elevated COVID-19 infection and death
rates have also been observed in socially disadvantaged
counties with larger proportions of BIPOC.32,33 Among
residents of a predominantly Black and Hispanic COVID-19
hotspot, very high and disparate positivity rates were observed
among Black (68.5%) and Hispanic (65.3%) patients as
compared to Whites (53%).34 Higher hospitalization rates for
Blacks (60.2%) and Hispanics (62.3%) as compared toWhites
(47.7%) were also observed, although there were no
differences in admission rates to the intensive care unit.34

Mortality rates among COVID-19 inpatients also show
BIPOC disparities.35,36 Recent CDC data shows higher
mortality risk ratios for Native Americans (2.4), Hispanics

Table 1. Race-conscious analysis tools employed in critical review.

Socioenvironmental theory12 Resource deprivation theory13

Socioenvironmental theory holds that racial residential
segregation is central to racial and ethnic health disparities.
According to this theory, racial/ethnic minority groups have
considerably different levels of health risk due to the multiple
social and environmental factors that detrimentally impact their
health within the context of longstanding residential segregation
and its deeply rooted socioeconomic disadvantages.

Resource deprivation theory holds that the longstanding
deprivation of resources experienced by racial/ethnic minority
groups is central to racial and ethnic disparities. Due to chronic
deprivation, racial/ethnic minority groups lack the necessary
infrastructure to support health. Resources are not restricted to
material possessions; they include education, employment,
housing, neighborhood safety, and psychological wellbeing.
According to evidence-based interpretations of this theory, gap
closure cannot be achieved through equal distribution of
resources, but rather targeted differential distribution of resources
that levels the playing field for racial/ethnic minority groups.
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(2.3), and Blacks (1.9) compared to Whites.37 There are
several reasons cited to explain the higher out-of-hospital
mortality rates, disease burden, and severity of illness
among BIPOC.36,38–40 Several authors have concluded that
population-based disparities in COVID-19 hospital
mortality are best explained by differential disease
incidence, prevalence of comorbid conditions, and
socioeconomic marginalization among Black and
Hispanic individuals.34,39,40

Overall racial and ethnic disparities in COVID-19 risk,
severity, morbidity, and mortality arise from a combination
of social, economic, and health determinants.36,38 Due to
economic strain, BIPOC are more likely to live in crowded
housing (multigenerational or communal households) and
densely populated neighborhoods. They are also more likely
to work in consumer-facing public service industries and rely
on public transportation, increasing their exposure risk.
Additionally, higher rates of comorbidities (eg, heart disease,
diabetes, hypertension, and obesity) increase BIPOC’s risk
for severe COVID-19 disease. Barriers to health insurance
and health services limit access to treatments and to accurate
knowledge regarding SARS-CoV-2 transmission, prevention
strategies, disease symptoms, and reasons for seeking
care.41–43 Interestingly, despite the positive impact of
Medicaid expansion on healthcare access, mortality, and
disparities, one study failed to find an association between
COVID-19 mortality and expansion vs non-expansion,44,45

likely reflecting a benefit negated by the heightened social risk
of structural racism.

Disparities in vaccination coverage were evident by the
end of April 2021. When all adult age groups were eligible,
vaccination rates among Black (46.3%) and Hispanic
(47.3%) adults were lower than among Whites (59%) and
Asians (69.6%).46 Despite policies to ensure equitable
COVID-19 vaccine access, vaccination hesitancy—
originating from distrust in the medical establishment and
resulting from longstanding systemic racism in healthcare
and research—required community partnerships
and concerted efforts by trusted sources of information
to overcome the slower rates of vaccination
among BIPOC.46

ED Actionable Steps: Increase access to viral testing,
educate patients and parents about transmissionmechanisms
and mitigation strategies (eg, masks, isolation, vaccination),
and consider offering vaccination in the ED when necessary
and reasonable.

Non-Communicable Conditions
Acute Coronary Syndrome and Acute Myocardial
Infarction

Disparities in acute coronary syndrome (ACS) care have
been well-documented. Compared to White patients with
door-to-balloon (DTB) times of 103.4 minutes, Black and
Hispanic patients experience significantly longer DTB times

(122.3 and 114.8 minutes, respectively).47 Over the last
decade, DTB times have improved significantly across all
groups; however, Black Americans have a lower likelihood
of experiencing DTB times <90 minutes48 and have
experienced only a modest decline in recurrent
hospitalization for acute myocardial infarction (AMI)
compared toWhites.49 Black patients experience worse AMI
outcomes with a five-year mortality rate of 29% compared to
18% among Whites.50

ED Actionable Steps: Consider protocolized ED triage
and early management of potential ACS/AMI-related
complaints beyond chest pain.

Type 2 Diabetes Mellitus
Type 2 diabetes prevalence rates among Black (13.2%)

and Hispanic (12.8%) Americans are similar and higher than
rates among Whites (7.6%).51 Well-controlled glycemia and
hospitalization rates, quality indicators, are both worse
among Black patients (37.6% and 26.5%, respectively)
compared to Whites (44% and 16.1%, respectively).51 The
marker of glycemic control, hemoglobin A1c (HgbA1c), is
statistically worse among Black vs White patients (HgbA1c

9.1± 2.9% vs. 8.5± 2.2%, P = 0.001).52 Black and Hispanic
patients have higher odds of diabetes-related ED visits
(odds ratio [OR] 1.84, 95% confidence interval [CI]
1.7–2.0 and 1.60, 95% CI 1.4–1.8, respectively)
than Whites.53

ED Actionable Steps: Educate patients about the
complications of poor glycemic control and consider
navigation partnerships with primary care for expedited
post-ED visit, outpatient follow-up of patients with diabetes-
related chief complaints and complications.

Hypertension
Racial and ethnic disparities in hypertension are likely

multifactorial related to upstream SDoH, including access to
healthcare, affordable medications, low-sodium foods, and
safe green spaces for physical activity.54 Unique to Black
patients, race-consciousness significantly increases diastolic
blood pressure (BP), and the self-perception of having a
lower social standing as a function of race is associated with
medication non-adherence and higher systolic BP.54

Research has also demonstrated that Black and Asian
patients have higher odds of a high BP reading at their last
clinic visit (OR 0.36, 95% CI 0.21–0.60 and 0.40, 95% CI
0.16–0.97, respectively) and Black and American Indian/
Alaska Native patients have higher odds of an ED visit or
hospitalization (OR 3.61, 95% CI 1.88–6.91 and 5.31,
95% CI 2.13–13.20, respectively).55

ED Actionable Steps: Educate patients about the
complications of poor BP control and consider navigation
partnerships with primary care for expedited post-ED visit,
outpatient follow-up of patients with hypertension-related
chief complaints and complications.
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End-stage Renal Disease
Racial and ethnic disparities are profound in renal disease.

Black patients experience higher IRs of end-stage renal
disease (ESRD) in adolescence, greater probability of
progression to advanced disease stages before initiation of
dialysis, lower likelihood of peritoneal vs hemodialysis
treatment, lower likelihood of transplant waitlist placement,
and longer waiting times for transplantation.56 Pediatric
nephrology registry data found that among children who
progressed to ESRD, 41.8% of White children received
transplants compared to 16.3% and 27% of Black and
Hispanic children, respectively, and 70% of White children
were transplanted within two years of waitlist placement
compared to 44% of Black pediatric patients.57 Subsequent
analyses confirm the persistence of these disparities with
Black and Hispanic less likely thanWhite children to receive
preemptive transplants (8.7% and 14.2% vs 27.4%,
respectively), and Black pediatric transplant recipients were
less likely than White to experience allograft survival at five
years (63% vs 80.8%, respectively).58

Similar disparities among non-White adult ESRD
patients include lower rates of transplant referrals, delayed
times to transplant waitlist placement, and longer wait times
for transplant.56 National mortality statistics indicate Blacks
experience significantly higher death rates from ESRD than
Hispanic and White Americans (24.6 vs 11.1 and 12.1
age-adjusted death rate per 100,000, respectively).59

ED Actionable Steps: Advocate for increased access to
dialysis, particularly for the uninsured, and consider
navigation partnerships with nephrology and local
dialysis centers for expedited post-ED visit, outpatient
follow-up of patients with ESRD-related chief complaints
and complications.

Obesity
As a risk factor for heart disease, type 2 diabetes,

hypertension, and other chronic conditions, obesity poses a
real challenge to population health management efforts.
National data demonstrates that the highest prevalence of
adult obesity occurs among Black Americans (38.4%)
followed by Hispanics (32.6%) and Whites (28.6%).60 Much
like hypertension, racial and ethnic disparities in obesity are
multifactorial and require a multifaceted intervention to
target social (food deserts), biological (hormone
dysregulation secondary adverse childhood events), and
behavioral (physical activity) determinants.61 Research has
revealed a high burden of fast- food establishments within
predominantly Black communities.62–64 Treatment
disparities are also present with BIPOC demonstrating
decreased responsiveness to weight-loss pharmacotherapy,
decreased likelihood weight- loss center referral, and
decreased likelihood of bariatric surgery.65

ED Actionable Steps: Consider partnerships with
community programs focused on healthy lifestyle change and

prescribe vouchers to patients whose health would benefit
from weight loss.

Mental Health
Racial disparities in the management of psychiatric illness

have also come to the forefront in recent years. Rates of
depression treatment are lower among Black and Hispanic
patients as compared toWhite patients, who are half as likely
and a third as likely, respectively, to receive care than White
patients.66 According to the CDC, Black adults had the
highest rates of mental health-related ED visits in 2018-2020,
had longer EDwait times, and were less likely to be admitted
or transferred to another hospital.67 An analysis of national
data found that Black patients presenting to the ED with a
psychiatric emergency have a greater probability of chemical
sedation than White patients.68,69 Additionally, single- and
multisite studies have found that Black69–71 and Hispanic
patients71 are more likely to be physically restrained in the
ED than White patients.

ED Actionable Steps: Use an equity lens to conduct a
thorough review of policies related to restraint use, consider
protocolized screening and management of agitation
inclusive of early oral medication and withdrawal treatment,
and consider navigation partnerships with hospital-based
and community-based counseling services.

Injuries
Environmental Hazard-Related Injuries

Ambient fine-particulate matter exposure (PM 2.5) is a
risk factor for a host of conditions including reactive airway
disease, coronary artery disease, and cerebrovascular
disease.72 The inequitable distribution of hazardous sites,
namely industrial facilities, utilities, and landfills, is one of
the greatest concerns in the field of environmental justice.
Extensive literature has demonstrated that non-Whites are
more likely to reside near stationary sources of PM, with
Black Americans experiencing a higher burden of PM
exposure than Whites and the general population.73

Racial disparities in hazardous exposure burden are not a
recent phenomenon. The 1987 groundbreaking study that
first exposed the disproportionate co-location of toxic waste
sites and minority communities found that three of every five
Black and Hispanic Americans lived in such conditions.74

The National Research Council conducted a study that
observed greater prevalence of health problems—
spontaneous abortions, birth defects, heart disease, gastric
cancer, leukemia, and Hodgkin’s lymphoma—among those
living in proximity to highly toxic chemicals and carcinogens
(eg, benzene, polychlorinated biphenyls, mercury, arsenic,
and lead).75 Geo-mapping of hazardous sites found that a
disproportionate number of towns overburdened by toxic
sources were also home to high proportions of BIPOC, a
robust positive predictor of hazardous waste site locations.76

Western Journal of Emergency Medicine Volume 24, No. 5: September 2023910

Race, Healthcare, and Health Disparities: A Critical Review and Recommendations Macias-Konstantopoulos et al.



ED Actionable Steps: Increase syndromic surveillance
collaborations with public health departments for
early detection and community notification of
hazardous conditions, and advocate for targeted policy
interventions by highlighting the harmful health impacts
on local communities.

Long-bone Fractures
Black and Hispanic patients are less likely to receive

opioid analgesia for acute pain in the ED and opioid
prescriptions at discharge compared to White
counterparts.77–79 Research shows that although average
pain scores do not differ between White and non-White
patients with long-bone fractures (LBF), White patients are
more likely to receive opiates (70% vs 50%, P < 0.001).78

Among children presenting for EDmanagement of LBF, the
data is similar: Black andHispanic childrenwere less likely to
receive opioid analgesics (aOR 0.86, 95% CI 077–0.95 and
0.86, 95% CI 0.76–0.96, respectively) and less likely to
achieve optimal pain reduction (aOR 0.78, 95%CI 0.67–0.90
and 0.80, 95% CI 0.67–0.95, respectively).80

ED Actionable Steps: Consider protocolized ED triage
and earlymanagement of LBF, including adequate analgesia
dosing schedules.

Firearm Injuries
Firearm violence is a public health epidemic in the US. In

2018, firearms were the leading method of homicide and
suicide, major causes of premature death. Per the CDC,
39,707 Americans died from firearm violence in 2019,
averaging 109 deaths per day and comprising 60% suicides,
35% homicides, and 1.4% law enforcement interventions.81

While most firearm suicide deaths impact Whites
and American Indian/Alaska Natives, homicides
disproportionately plague BlackAmericans. In 2018, firearm
homicides were highest among Blacks. Black males and
females aged 20–34 years died by firearm homicide at nearly
17 times higher and nearly six times higher rates than their
White counterparts, respectively. Among youth aged 0–19,
Blackmales had the highest firearm homicide rate at 14 times
higher than their White peers. American Indian/Alaska
Native male youth had the second highest youth homicide
rate. Black males are disproportionately killed by law
enforcement intervention with firearms at a rate 1.71 times
that of non-Hispanic White males.82

ED Actionable Steps: Remain informed of local firearm
injury statistics and advocate for adequate policy responses
by highlighting the harmful health impacts on local
communities.

DISCUSSION
Across clinical pathology interests and in almost every

area studied, BIPOC communities experience worse patient
care and health outcomes. Contrary to historical medical

teachings, there is no biological evidence for the concept of
race as a genomic human subspecies to explain health
disparities.83,84 Rather, it is the social interpretation of
people in a race-conscious society that disparately impacts
health.85 The system of structuring opportunity and
assigning value, based on assumptions about groups of
people with certain physical attributes, systematically
privileges some while disadvantaging others and undergirds
the deadly problem of structural racism. Compounding the
well-recognized theory of resource deprivation among
racially/ethnically segregated communities (eg, quality
primary education, adequate housing, green space) is
socioenvironmental theory, which points to acts of
commission that inequitably pose health risks (eg, air
pollution,72,73 toxic waste,74–76 and fast- food,62–64 alcohol,86

and tobacco outlets87).
Physicians must acknowledge the insidious health threat

that implicit biases and structural racism pose.
Disproportionate levels of socioeconomic disadvantage,
social vulnerability, and poor health outcomes are
manifestations of long-established and deeply entrenched
racial segregation and racial deprivation. One could argue
that the adverse health effects of structural racism over the
centuries have created a far greater public health crisis than
the COVID-19 pandemic, and yet beyond their
identification, they have not received the attention they
demand. Perhaps, in future years, our collective response to
the volatile sociopolitical events of the last five years will be
viewed as the force that changed the narrative. Many
academic medical centers have created executive positions
focused on equity, diversity, and inclusion and have worked
to implement educational curricula aimed at dismantling
structural racism.88

The question that remains today— how do we as
individuals and collectively as an institution and specialty
best advance social justice and health equity? —demands
thoughtful actions and transformative policies. A recent
scoping review found 37 published intervention papers with
only a third including empirical research.89 Clearly, the
implementation science behind this massive multi-pronged
process will take time to develop,90 but there appears to be
sufficient direction to propose potential actionable steps
(Table 2) and practice recommendations.

LIMITATIONS
As critical reviews focus on advancing thought through

conceptual innovation following an analysis of the literature,
the methodology, by design, does not necessitate an
exhaustive comprehensive review of the literature nor the
same systematicity and quality assessment as in other more
structured review approaches.11 Additionally, the objective
of the conceptual product of a critical review is to propose a
new phase of research within the field in question,11 and as a
result, the actionable steps and practice recommendations
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Table 2. Potential actionable steps for emergency physicians.

Communicable
diseases

1. DPH-funded, community partnerships for pop-up screening clinics in the community designed to provide
rapid testing and counseling regarding treatment initiation for HIV, hepatitis C, and STIs.

2. DPH-funded, community partnerships for pop-up vaccination clinics in the community designed to provide
testing, vaccination, and transmission-mitigation education in the community.

3. Self-guided education and peer education about the increased risk for severe COVID-19 and other
respiratory and diarrheal morbidity and mortality among ethnic and racially diverse populations.

4. Empower patients with a thorough understanding of communicable diseases, including natural course of
illness, methods of transmission, transmission prevention, and reasons for returning; discharge
counseling techniques may include discharge nursing teach-back or read-back of instructions.

5. DPH-medical-community partnerships designed to focus efforts in areas of high transmission risk when
planning resource distribution of testing, treatment, and vaccination supplies related to COVID-19 and
other pandemic-related illnesses.

Non-communicable
conditions

1. Educate EPs about long-standing racial and ethnic gaps in ED-based care and health outcomes; and
promote opportunities for implicit bias training.

2. Develop equity metrics, monitor clinical performance data on quality measures, identify inequities in clinical
and research, and implement process and policy changes to close disparity gaps.

3. Support health equity initiatives at the individual, departmental, and organizational levels that aim to educate
patients about certain medical conditions (eg, hypertension, diabetes), early warning signs of serious
complications (eg, acute coronary syndrome, renal failure), and available treatment options; educational
strategies may involve smart documents and waiting room video educational modules.

4. Support and partner with existing patient care navigator and community health worker programs to engage
patients beyond the index ED visit and ensure medication and treatment plan adherence, outpatient follow-
up scheduling, and regular assessments of any barriers to disease control.

5. Partner with local community organizations designed to promote healthy lifestyle (eg, smoking cessation,
nutritional food planning, local farm food collaborative, reduced-fee gym memberships, etc).

Injuries 1. Consider the potential environmental determinants of lung inflammation and injury in BIPOC patients
with difficult-to-control asthma symptoms; educate patients about PM and its relationship to asthma and
counsel them on preventative measures and importance of maintenance medication adherence.

2. Support and advocate for state and federal legislation and policy aimed at prevention of toxic waste
dumping, containment efforts, periodic testing of soil and water supplies, increased testing for
environmental exposures among communities living in high-risk exposure areas, and investment in
industrial waste decontamination, safer housing, and quality medical care for affected communities.

3. Self-guided education and peer education about the signs and symptoms of toxicity due to common
hazardous waste contaminants, and the available treatments.

4. Provide opioid analgesia for acute severe pain in the ED based on likely diagnosis, objective measures of
pain, and optimal pain reduction (at least a 2-level reduction in pain score for initial treatment).

5. Support epidemiologic and narrative research of firearm violence, both nonfatal injuries and deaths, to
better understand risk and protective factors as the basis for intervention.

6. Use the results of epidemiologic and narrative research to partner with communities to develop and
implement effective interventions especially targeted at high-risk youth and young adults of color.

7. Partner with existing programs and personnel that have operated trauma center resources for community
and firearm violence to extend their inpatient work to reach a greater proportion of those in need by
developing and implementing ED protocols to identify, counsel, and refer at-risk populations.

8. Educate EPs on the effective counseling of populations at disproportionate risk for community and firearm
violence and incorporate smart discharge phrases into the electronic health record system.

9. Develop strong collaborations with community groups and social services to whom the ED could transition
primary and secondary prevention; incorporate these referrals into discharge materials.

10. Encourage state and federal legislation and policy aimed at decreasing firearm homicides and nonfatal
injuries (eg, decrease access to illegal firearms, increase federal funding for research on firearm
violence, decrease the production of violent video games andmedia and replace themwith games in which
the protagonist must save lives rather than kill to win).

BIPOC, Black, indigenous and people of color; DPH, Department of Public Health; ED, emergency department; EP, emergency physician;
PM, particulate matter; STIs, sexually transmitted infections.
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made have yet to be proven effective but instead serve as a
starting point for a new phase of implementation science.

CONCLUSION
The suggested actionable steps and following practice

recommendations constitute the conceptual product of this
critical review, demanding a new phase of implementation
and evaluation research that identifies effective strategies
and best practices for mitigating racial health
inequities. Emergency physicians, as individuals and
organizational leaders, can act from several positions in the
social structure:

A. Societal members
1. Participate in local, state, and federal government

forums advocating for health through resources
and advantages historically inaccessible to BIPOC:
a. Affordable, safe housing
b. Food security (ie, sufficient, safe, and nutritious

sustenance)
c. Firearm safety, neighborhood safety, and

support for survivors of violence
d. Health-promoting lifestyle (eg, green space and

density restrictions on fast-food, tobacco, and
alcohol outlets)

e. Comprehensive community health centers with
expanded hours of operations

2. Developmeaningful individual and organizational
partnerships with antiracist stakeholders and
communities
(ie, Black Lives Matter, White Coats for Black
Lives, etc).

3. Engage leadership and representatives of first
responder agencies in upholding the value of
every human life.

B. Stewards of medicine
1. Engage medical leadership in changing

organizational culture to one that consistently
prioritizes equity, addresses inequities in clinical
and professional spaces, and recognizes the
systematic advantage of privilege.

2. Create permanent positions accountable to equity,
diversity, and inclusion initiatives91 and ensure
core leadership articulates diversity as an
institutional priority and dialogues constructively
with all relevant stakeholders.92

3. Increase BIPOC representation within the pipeline
and across all organizational strata.93

4. Identify racial disparities and their sources within
the system, conduct root cause analyses, and
implement strategies to remedy inequities.94

Describe, document, and proactively work to
mitigate the health impact of racism.95

5. Draft policies and enforce protocols for dealing
with race-based aggression by patients and other
staff.

6. Educate medical personnel through multimodal
continuous medical education on trauma-
informed care, anti-racism practice, and cultural
humility.96

7. Offer medical education curricula and periodic
trainings for students, residents, community
physicians, and faculty that include the
following:93,97

a. SDoH: Although the prospective, patient-
oriented outcome is sparse, many medical
schools and residency programs have adopted
SDoH curriculum, which may lead to
measurable changes in the future98 and is a
stated priority of the Institute of Medicine.99

Comprehensive training materials are free
and available on the web.100

b. Cultural humility training to address implicit
bias, stereotypes, and prejudice.101

c. Anti-racism and trauma-informed care training
to improve patient care communication and
bedside skills.

8. Evaluate the impact of educational programs on
patient care and health outcomes to curate
efforts.102 Disseminate evidence-based best
practices.

9. Endeavor as an institution and specialty to
eliminate racialized conceptions of disease
susceptibility (eg, casting Blacks as innately
diseased and dehumanizing their suffering).103

C. ED staff
1. Develop equity metrics, monitor clinical

performance data, identify clinical and research
gaps, and implement process and policy changes
to eliminate health disparities.

2. Abandon the practice of stating the patient’s race
in the narrative of the history and physical as it has
minimal benefit, risks introducing bias, and is
offensive to minority physicians.104

3. Cease the use of correction formulas that use race
as a proxy for pathology when their use furthers
health inequities.105

4. Make deliberate efforts to treat racial groups
similarly on individual and population levels as a
concrete first step in ameliorating racial health
disparities. Although physicians undoubtedly
carry implicit racial biases equal to the general
population, there is some evidence that
emergency physicians show less implicit racial
bias than the general population.106

5. Address racist patient attitudes professionally even
when these cause moral distress.107 Addressing
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racism and attempting to rebuild therapeutic
alliances is part of the leadership and
professionalism that emergency physicians must
emulate.

D. Hospital executives
Institutional leaders must assure appropriate ED
ancillary staffing and address hospital policies (eg,
inpatient census levels, direct and transfer admissions)
that result in ED crowding, medical error, morbidity
and mortality, and staff demoralization.108

Emergency physicians are experts in rapid cognition
or thin-slicing, but with that practice comes the
expression of latent stereotypes and biases that
require a deliberate “bias-check” pause to better
understand the patient and, thus, achieve better
outcomes.109 Research has demonstrated that
overstressing physicians beyond reasonable levels is
associated with increases in implicit bias.110

E. Clinical caregivers
1. Employ a trauma-informed care approach with

individual patient interactions.111 The BIPOC
communities suffer under the pervasiveness of
historical and personal trauma as well as the
psychological trauma inflicted by law
enforcement killings of unarmed Blacks.112

Moreover, BIPOC minorities are exposed daily
to stressful and traumatic events at much great
rates than the general population.113 To adopt
the trauma-informed care framework:
a. Abandon power imbalances common in

traditional, paternalistic doctor-patient
dynamics.

b. Empower patients to be partners in treatment
decisions.

c. Offer patients validation, explanation, and
choice.

d. Practice cultural humility, an orientation to
care that is based on self-reflexivity,
appreciation of patients' lay expertise,
openness to sharing power and knowledge
with patients, and desire to learn from
patients.114

2. Recognize and counter potentially racist clinical
decisions by doing the following:
a. Follow evidence-based race-blind admission

and surgical criteria.
b. Provide professional peer-to-peer feedback

with coaching on delivery of difficult
conversations.115

c. Build race-blind analgesia protocols.116

d. Create policies to address interprofessional
microaggressions and patient-to-clinician
racism. Micro- and macroaggressions

contribute to burnout and must be combated
to ensure inclusion and career longevity.117,118

In conclusion, from amedical standpoint, there is only one
race—the human race—and we must recognize and counter
our implicit biases. As fellow humans, we must acknowledge
that structural racism drives health inequities, and as
emergency physicians we can choose to address it by
employing any or all the actions and recommendations
proposed herein.
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Emergency medicine as a specialty prides itself on being
the safety net for the communities we serve. Always open, we
provide care to all comers, regardless of insurance status or
ability to pay, often on the worst days of their lives. Over
time, we have come to appreciate that this can mean
fractured limbs, cardiac arrest, or a cancer diagnosis; but just
as frequently we care for individuals who are suffering the
ramifications of the innumerable ways in which our system
has failed them. This includes poverty, structural racism, lack
of housing, food insecurity, community violence, and widely
disparate incarceration rates.1–3

We acknowledge several fundamental truths:

1. Discrimination by age, race, gender identity, sexual
orientation, housing status, psychiatric illness (and the
list goes on) exists.

2. Our patients, colleagues, and communities grapple with
discrimination and its health ramifications every day.

3. Implicit biases and discriminatory practices are not
static. We continue to see the impact of past practices,
and our current decisions will impact many decades
to come.

4. Emergency clinicians are uniquely positioned and
privileged to contribute to advancing equity.

As we strive to understand more fully the health impact of
these social inequities and injustices, our clinical specialty has
seen the rapid expansion of social emergency medicine.
Increasingly recognized as a subspecialty, social emergency
medicine has established a growing foundation of knowledge
replete with peer-reviewed literature, academic journal
special issues, textbooks, research and educational
conferences, fellowships, and representation within our
professional societies.4–6 The burgeoning multidisciplinary
work of social emergency medicine is a testament to the
nuance with which we must understand social and structural
determinants of health. This level of nuance is required to
even begin to understand our role as emergency physicians,

administrators, educators, researchers, and ultimately
advocates in their solutions.

Despite these advances, the body of literature that
constitutes the foundation of social emergency medicine is still
being built. Many of the social determinants of health that we
seek to address can be difficult to quantitatively study due to
small or inaccessible populations, discrimination and
mistrust, or failure to screen and identify.Here is wherewe find
the value of case studies, qualitative studies, hypothesis-
generating studies, and narrative reviews. Showcased in this
Western Journal of Emergency Medicine special issue are
studies by authors who endeavored to contribute to our
growing foundation of knowledge and cover a broad range
of topics.

As emergency physicians, we bear witness daily to the
health impacts of social inequities and injustices on the
individuals and communities we serve. Although the
structural solutions needed to address our most vexing
social problems may not lie squarely within our control
as a specialty, we have both the responsibility and the
opportunity to create, inform, and participate in change.
Systematically investigating the compounding health effects
of complex and interrelated social problems allows us to
fulfill our promise to our communities: No matter who you
are, no matter your problem, we are here 24 hours a day,
365 days a year.
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Charcot neuroarthropathy (CN) is a rare but serious sequela of diabetes and other diseases that cause
peripheral neuropathy. It is most commonly characterized by degeneration of the foot and/or ankle joints
leading to progressive deformity and altered weight-bearing. If left untreated, the deformities of CN lead
to ulceration, infection, amputation, and even death. Because of the associated peripheral neuropathy
and proprioception deficits that accompany CN, patients typically do not perceive the onset of joint
destruction. Moreover, in the hands of the untrained clinician, the initial presentation of CN can easily be
mistaken for infection, osteoarthritis, gout, or inflammatory arthropathy. Misdiagnosis can lead to the
aforementioned serious sequelae of CN. Thus, an early accurate diagnosis and off-loading of the
involved extremity, followed by prompt referral to a specialist trained in the care of CN are crucial to
prevent the late-term sequelae of the disease. The purpose of this article was to create an opportunity for
enhanced understanding between orthopedic surgeons and emergency physicians, to improve
patient care through the optimization of diagnosis and early management of CN in the emergent setting.
[West J Emerg Med. 2023;24(5)921–930.]

Keywords: Charcot neuroarthropathy; Charcot foot; diabetes mellitus; midfoot collapse; emergency.

INTRODUCTION
Due to the progressive loss of protective sensation in

advanced cases of diabetes mellitus (DM), identifying
DM-related foot and ankle pathology in the early stages is a
challenge for both patients and clinicians. One increasingly
common complication of advanced DM is Charcot
neuroarthropathy (CN), a progressive, destructive pathology
of the bone and joints of the foot. Safavi et al estimated that
CN has a prevalence of up to 13% in poorly controlled
diabetic patients.1 Once thought to be a rare complication,
this diagnosis has become increasingly common as the global
incidence of DM continues to rise.

Diagnosing diabetic CN is challenging, and even the most
experienced clinicians can struggle to differentiate the disease
from pathologies that masquerade as CN. Limited specificity
with regard to physical examination, imaging, and lab work
findings in CN can cloud the diagnosis. Moreover, when CN

presents as an acutely inflamed foot, it often presents
similarly to much more common pathologies of the foot and
ankle, such as cellulitis, osteomyelitis, or gout. Delayed
treatment results in the development of foot and ankle
deformities, which increases the risk of ulceration, infection,
and amputation.2–5

This case illustration and review, authored by orthopedic
surgeons and emergency physicians, focuses on the early
clinical presentation, diagnosis, and management of CN,
particularly in the emergent and outpatient setting. While
many authors have provided review articles on CN,2–5 none
to date have provided a manuscript specifically geared
toward the facilitation of cross-talk between the involved
specialties to aid in differentiating this challenging diagnosis
from other similar pathologies. As the incidence of poorly
controlled DM grows, the ability to distinguish the subtle
presentation of CN from other more common foot
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pathologies takes on unprecedented importance. We
advocate for enhanced collaboration between orthopedic
surgeons and emergency physicians to better understand our
respective roles in the early diagnosis and treatment of CN,
and to ultimately improve the care of patients with
this condition.

ETIOLOGY AND PATHOPHYSIOLOGY OF
CHARCOT NEUROARTHROPATHY

Early recognition of the complications of DM such as CN
is critical in preventing damaging, long-term outcomes. In
patients with poorly controlled DM, lack of protective
sensation facilitates repetitive microtrauma, perpetuating a
damaging feedback loop that is thought to contribute to the
CN pathologic process. Some degree of CN exists in greater
than 80% of patients who have poorly controlled DM for
more than 10 years.2 However, it is essential to emphasize
that diabetes alone is not the sole predisposing factor for the
development of CN. Any condition that causes sensory or
autonomic neuropathy can lead to CN. Examples include
syphilis, in which degeneration and demyelination of the
dorsal columns and roots can lead to progressive sensory
ataxia, chronic alcoholism, in which nutritional deficiency
(especially thiamine) and oxidative stress can lead to free
radical damage to nerves,6 and spinal cord injury in which
the somatosensory system is damaged.7

The exact pathogenesis of CN is not entirely understood,
but there are two theories of what is believed to contribute to
the pathogenesis of the disease.2 The neurovascular theory
postulates that increased blood flow to the bones, which is a
result of damage to the “trophic nerves,” leads to bone
resorption and weakening. These pathophysiologic changes
predispose patients to increased susceptibility to fractures
and deformities. Alternatively, the neuro-traumatic theory
states that repetitive trauma can cause fractures and
deformation during healing.

PATIENT CASE REPORT
A 75-year-old woman with longstanding, poorly

controlled type 2DMwith peripheral neuropathy to themid-
calf region presented to the emergency department (ED) with
complaints of right foot deformity and pain for nine days.
While the patient did not recall any specific injury, she
attributed the appearance and symptoms to an ankle sprain.
She was initially evaluated by her primary care physician,
where the diagnosis of cellulitis was made and she was told to
go to the ED for further evaluation. At the time of
presentation, her erythrocyte sedimentation rate (ESR) was
103, her white blood cell count (WBC) was within normal
limits, and her vital signs were within normal limits. Physical
exam revealed a swollen, diffusely erythematous foot with
diminished sensation to fine touch. No standard foot and
ankle radiographs were obtained, but she underwent
magnetic resonance imaging (MRI) that showed a fluid

collection posterior to the ankle joint, which was drained and
yielded a clear, serous fluid that did not grow any organisms
of culture. A diagnosis of cellulitis was made, and the patient
was placed on intravenous clindamycin and admitted to the
hospital. She was discharged on oral antibiotics five
days later. There were no limitations placed on her
weight-bearing status.

Shortly after discharge, the patient traveled across the
country, bearing weight on the involved foot. After a week,
her foot swelling and redness progressed in severity. She re-
presented to a different ED. A repeat MRI at that time was
concerning for osteomyelitis, and she was started on
cefepime and vancomycin. During this presentation, her lab
values were within normal limits and she was again afebrile.
She was admitted to the hospital and later discharged on
vancomycin via a peripherally inserted central catheter. No
standard foot and ankle radiographs were obtained during
this admission. Three weeks after that admission, her
creatinine increased to 4.41 and her vancomycin trough was
found to be 16.8 micrograms per microliter (mcg/mL)
(reference range: 5–15 mcg/mL). Subsequently, the patient
was admitted to the hospital, this time for acute renal failure
secondary to vancomycin therapy.

Physical exam at the time revealed a fixed abduction
deformity of the foot with a severe equinus contracture of the
Achilles tendon. She did not have protective sensation to
Semmes-Weinstein monofilament testing with 5.07. Finally,
radiographic imaging was obtained, which demonstrated
severe midfoot and hindfoot collapse with hindfoot valgus
alignment and forefoot abduction (Figure 1). Her talus was
nearly in a vertical plantar flexed position. Advanced
imaging in the form of computed tomography (CT) further
demonstrated these findings, with advanced stage CN,
with degenerative change at the talonavicular joint and
midfoot (Figure 2).

She was eventually diagnosed with CN as well as end-
stage renal disease, requiring chronic hemodialysis. After the
correct diagnosis of CN had been made, the patient followed
up in the orthopedic surgery clinic at our institution, where
she received further care, including osteotomy with medial
and lateral column fixation (Figure 3).

Case Summation
This case highlights the importance of early recognition of

CN in an acutely inflamed foot in patients with DM,
especially in the presence of advanced neuropathy. Despite
careful attention from various clinicians, no standard
radiographs were obtained and the diagnosis of CN was
missed, contributing to kidney injury in addition to increased
destructive changes of the foot from CN that may have been
avoided with prompt diagnosis. In the case of our patient, no
individual clinician on the care team was at fault; CN can be
a challenging diagnosis to make due to the number of
pathologies with which it can be easily confused. Orthopedic
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(A) (B)

(C) (D)

Figure 2. Computed tomography with (A,C,D) multiple sagittal cuts, and (B) a coronal cut after follow-up in orthopedic clinic demonstrating
findings consistent with advanced stage Charcot joint with marked pes planus, mid-foot collapse, and hindfoot valgus.

(A) (B)

Figure 3.Most recent radiographs at final follow-up. (A) Lateral radiograph. (B) Bilateral anterior-posterior radiograph, revealing restoration of
the arch of the foot, through the use of multiple osteotomy sites and internal fixation with a variety of plate, screw, and beam constructs.

(A) (B)

Figure 1.Weight-bearing radiographs: (A) Bilateral anterior-posterior. (B) Lateral radiographs 1.5 years after the patient’s initial presentation
to the emergency department. There is evidence of degenerative changes at the talonavicular joint (A – red circle) in addition to midfoot
collapse (B – red arrow).
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surgeons receive specific training on differentiating CN from
other conditions during foot and ankle subspecialty training,
but the breadth of knowledge required for other specialties
may preclude extensive awareness of CN. Thus, our goal
with this review was to discuss the differential diagnosis of a
patient with peripheral neuropathy and swelling to the foot
and ankle and to expand upon the initial diagnosis and early
treatment options of CN. Our ultimate aim is to facilitate
understanding between orthopedic surgeons, emergency
physicians, and primary care physicians to optimize the care
of the diabetic patient with CN.

Clinical Presentation in the Emergent Setting
The typical patient presenting to the ED with CN is an

individual with poorly controlled diabetes, usually 50 years
of age or older, with signs of advanced disease such as
peripheral neuropathy, retinopathy, or chronic kidney
disease. A clinician may encounter the frequent scenario of a
patient with previous trauma to the foot, such as a fall, that
re-presents weeks or months later with persistent swelling
and pain. However, patients often do not recall any specific
trauma, which makes prompt diagnosis challenging.

In the early phase of CN, pain is an uncommon finding.
However, if present, pain is usually insidious in onset,
progressing over days or weeks. Between 25–50% of patients
recall no trauma or inciting event.3 A clinical exam will
reveal unilateral warmth and an erythematous foot with soft
tissue swelling. It is often difficult for the patient to fit the
affected foot into normal shoes. A low threshold should be
maintained for referral to orthopedic surgery.

Without treatment, early CN can progress to a chronic
stage, where unfortunately most cases of CN are diagnosed.
Late diagnosis increases the likelihood of bony destruction
and resorption, which eventually leads to foot deformities,
ulceration, and subsequent infection, often warranting
amputation.5,8 In a systematic review by Safavi et al in 2021,
the average time from symptom onset to a final diagnosis of
CN was 84.8 days, and 48% of patients experienced a
misdiagnosis.1 A systematic review by Korst et al in 2022
found similar results; the duration from symptom onset to
correct diagnosis was 86.9 days, and 53.2% of cases of CN
were initially misdiagnosed.9 These alarming statistics
highlight the challenge in making the diagnosis of CN, which
calls attention to the importance of accurate diagnosis and
prompt treatment.

Differential Diagnosis
Charcot neuroarthropathy shares many overlapping

features with other common pathologies of the foot and
ankle, which can complicate prompt and accurate diagnosis.
Thus, we discuss common pathologies of the foot and ankle
that can mislead clinicians to overlook the diagnosis of CN
and offer clinical “pearls” that can help differentiate one
from the other (Table 1).

Infection: Cellulitis, Septic Arthritis, and Osteomyelitis
The diagnosis that is the most commonlymade over CN is

foot and ankle infection, including cellulitis, septic arthritis,
and osteomyelitis. This is because acute CN causes foot
swelling and erythema. In general, an acutely infected foot is
often painful and accompanied by a fever, whereas CN may
present with minimal pain and an afebrile status. However,
varying presentations of more indolent infectious etiologies
in afebrile patients who may lack peripheral sensation and
pain symptoms canmislead the diagnosis. These patients also
tend to have poorly controlled blood glucose levels due to
elevated cortisol, which antagonizes the action of insulin,10

further causing the potential for misdiagnosis.
Charcot neuroarthropathy should always be considered in

patients with recurrent cellulitis without systemic signs,
symptoms, or findings that suggest infection on laboratory
analysis.3 Specifically, cellulitis can be accompanied by signs
of systemic toxicity such as leukocytosis and elevated
inflammatory markers. The lack of these findings in the
presence of erythema may indicate an early stage of CN.
A common orthopaedic teaching point regarding the
differentiation of CN from infectious etiologies involves
assessing the limb for improvement in erythema with
elevation. After the involved foot has been elevated for 30
minutes, erythema should decrease in CN but will remain in
the setting of infection.3 Another distinguishing factor is
laboratory markers. In CN, WBC count, C-reactive protein
(CRP), and ESR may be normal, but these markers are
almost always elevated to some extent in the setting
of infection.2,11

Regarding specific infectious etiologies, osteomyelitis
shares many overlapping features and can be concomitantly
present with CN. Osteomyelitis should be suspected in the
presence of ulcers and should be assumed in the setting of an
ulcer that probes to bone.12 The ESRmay be elevated in both
osteomyelitis and CN, but a downward trend with
appropriate antibiotic therapy favors the diagnosis of
osteomyelitis.13 As a further differentiating factor,
osteomyelitis often involves a single bone region, whereas
CN involves multiple bones and joints.14

Imaging can further help delineate between CN and
infectious etiologies of the foot and ankle. Plain radiography
can be used to diagnose CN, but findings may not appear
until two to three weeks after symptom onset. Moreover, it
has been demonstrated that a 40–50% loss in bone mass in a
patient with CN is required to note a difference from patients
without CN.12 Thus,MRI is a reasonable alternative to plain
radiography. Unfortunately, several limitations to MRI for
the diagnosis of CN exist, such as in the setting of recent
surgery, retained hardware, or renal insufficiency that may
preclude patients from receiving contrast. A bone biopsy,
which has long been considered the gold standard for
diagnosing osteomyelitis, can be done after a 14-day
antibiotic-free period if the diagnosis of osteomyelitis is more
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Table. 1 A summary of risk factors, physical exam, laboratory, and imaging findings, and treatment for Charcot neuroarthropathy (CN) and
diseases that present similarly to CN.

Differential Risk factors
Physical exam

findings
Abnormal lab findings
from initial evaluation Imaging findings Treatment

Charcot
neuropathy

• Chronic alcohol use
• Diabetic neuropathy
• Heavy metal poisoning
• Myelomeningocele
• Leprosy
• Syphilis
• Syringomyelia
• Vitamin B12 deficiency

• Commonly painless
• Decreased range of

motion
• Edema
• Erythema that may

decrease with
elevation

• Peripheral
neuropathy

• Structural deformity
• Warmth

• Elevated HbA1c or
random serum
glucose

• Plain radiograph:
Delayed imaging with
evidence of joint space
narrowing, fragmentation
of articular surfaces,
coalescence of
fragments, bone
resorption, soft tissue
calcification, deformity
and remodeling of the
fracture fragments

• MRI: May detect subtle
changes above in the
earlier stages as well as
periarticular edema

• Contact casting
• Orthotics
• Optimize

underlying risk
factors

• Surgical
management

Gout • Chemotherapy
• Chronic kidney disease
• Excessive intake of

ethanol, dietary purine or
fructose

• Hemolytic disorders
• Inherited enzyme defects

leading to purine
overproduction

• Lymphoproliferative
disorders

• Male sex
• Myeloproliferative

disorders
• Obesity
• Older age
• Psoriasis
• Use of medications

associated with
hyperuricemia

• Decreased range of
motion

• Edema
• Erythema
• Fever
• Joint pain
• Joint tenderness
• Subcutaneous

nodules
• Sudden onset of

symptoms
• Warmth

• Elevated serum uric
acid

• Joint aspiration with
negative birefringent
monosodium urate
crystals

• Plain radiograph:
Periarticular erosion with
sclerotic borders, joint
space narrowing, soft
tissue crystal deposition

• Nonsteroidal anti-
inflammatory
drugs

• Colchicine
• Corticosteroids
• Allopurinol
• Optimize

underlying risk
factors

Deep vein
thrombosis

• Chronic inflammatory
states

• Heart failure
• Obesity
• Older age
• Male gender
• Malignancy
• May-Thurner syndrome
• Myeloproliferative

disorders
• Pregnancy or postpartum

status
• Previous deep vein

thrombosis
• Prolonged immobilization
• Recent trauma or surgery
• Tobacco use
• Use of oral

contraceptives or
hormone replacement
therapy

• Edema
• Erythema
• Increased visible

skin veins
• Pratt’s sign
• Sigg’s sign
• Unilateral pain and

edema most
commonly in calf

• Warmth

• Elevated D-dimer • Ultrasound:
Noncompressible vein
positive for thrombus

• Anticoagulants
• Optimize

underlying risk
factors

(Continued on next page)
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Table. 1 Continued.

Differential Risk factors
Physical exam

findings
Abnormal lab findings
from initial evaluation Imaging findings Treatment

Osteoarthritis • Female gender
• History of joint trauma or

overuse
• Obesity
• Older age
• Muscle weakness

• Bone overgrowth or
deformity

• Decreased range of
motion

• Gradual onset of
symptoms

• Joint instability
• Joint tenderness
• May be polyarticular
• Morning stiffness

≤30 minutes
• Pain with movement

and relieved with
rest

• Plain radiographs: Joint
space narrowing,
presence of osteophytes,
and subchondral
sclerosis

• Nonsteroidal anti-
inflammatory
drugs

• Physical therapy
• Optimize

underlying risk
factors

• Surgical
management

Osteomyelitis • Diabetes
• Injection drug use
• Immunocompromised
• Indwelling catheter
• Older age
• Orthopedic hardware
• Peripheral neuropathy
• Poor vascular supply
• Recent trauma
• Sickle cell

• Decreased range of
motion

• Draining sinus tract
• Gradual onset of

symptoms
• Fever
• Erythema
• Edema
• Tenderness
• Pain
• Presence of ulcers
• Warmth

• Elevated erythrocyte
sedimentation rate
and C-reactive protein
Positive bone culture

• Leukocytosis

• Plain radiograph: After 2
weeks may observe
bone loss and periosteal
reaction

• MRI: In addition to
finding on plain
radiograph,T2 bone and
soft tissue edema and a
penumbra sign may be
present

• Antibiotics
• Irrigation and

debridement
• Optimize

underlying risk
factors

• Amputation

Cellulitis • Diabetes
• Injection drug use
• Lymphatic drainage

disruption
• Obesity
• Peripheral artery disease
• Recent surgery
• Saphenous vein harvest
• Skin barrier disruption
• Skin inflammation
• Venous insufficiency

• Breach in skin
barrier

• Edema
• Erythema without

dissipation upon
elevation of affected
extremity

• Fever
• Tenderness
• Warmth

• Elevated erythrocyte
sedimentation rate
and C-reactive protein

• Leukocytosis

- • Antibiotics

Septic
arthritis

• Diabetes
• End-stage renal disease
• Immunocompromised
• Indwelling catheters
• Injection drug use
• Older age
• Recent surgery
• Recent trauma
• Skin or soft tissue

infection

• Acute onset of
symptoms

• Decreased range of
motion

• Edema
• Erythema without

dissipation upon
elevation of affected
extremity

• Fever
• Joint pain
• Tenderness
• Warmth

• Elevated erythrocyte
sedimentation rate
and C-reactive protein

• Leukocytosis
• Positive synovial fluid

gram stain and culture

• Plain radiographs: Joint
space narrowing, joint
effusion, periarticular
osteopenia, destruction
of subchondral bone

• Antibiotics
• Surgical drainage

MRI, magnetic resonance imaging.
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heavily favored than CN.15 In summation, differentiating
CN from infectious etiologies of the foot and ankle is a
clinical challenge that involves careful consideration of a
variety of clinical, laboratory, and imaging-based findings.

Gout
Gout most commonly manifests symptomatically in the

foot and ankle, making this diagnosis easy to confuse with
CN. Risk factors for gout and CN overlap, such as DM and
obesity, but a few special considerations merit further
discussion. For example, certain medications can precipitate
gout, themost common of which are thiazide diuretics. Thus,
we recommend a thorough medication reconciliation upon
presentation in cases of suspected gout vs CN.Heavy alcohol
use is another risk factor often associated with gout.
However, chronic alcoholism has been shown to be a risk
factor for the progression of CN,16,17 and so the presence of
heavy alcohol use does not necessarily favor one diagnosis
over the other. An additional diagnostic clue is the presence
or absence of peripheral neuropathy. The presence
of peripheral neuropathy coupled with extensive
alcohol consumption points more toward CN over gout,
especially if the patient does not have a previous history of
gouty flares.18

To further differentiate a gout flare from CN, pain and
tenderness that dissipate over a short duration favor the
diagnosis of gout over the more long-term, subacute pain
seen with CN. Laboratory analysis may reveal nonspecific
changes consistent with inflammation during a gout flare,
and these elevations may also be present in CN. Uric acid
levels are not consistently elevated in gout19 and should not
be used as a marker to distinguish gout from CN. If gout is
suspected, synovial fluid testing with cell counts and
differential white count, Gram stain and culture, and crystal
examination under polarizing light microscopy is
recommended.20–22 The presence of monosodium urate
crystals confirms the diagnosis of gout.

Deep Vein Thrombosis
Deep vein thrombosis (DVT), while more commonly

relegated to the calf, may also present similarly toCN.One of
the most reliable clinical signs of DVT is unilateral leg
swelling that involves the calf.23 Risk factors for DVT
include recent surgery, pregnancy, smoking, cancer, and
prolonged immobility, which are distinct from CN.24

Furthermore, a D-dimer level has a high sensitivity for ruling
out DVT. If the D-dimer is elevated, venous duplex
ultrasonography becomes the imaging study of choice in
patients with suspectedDVT.25,26 The result of this studywill
be normal in patients with CN.

Osteoarthritis
Osteoarthritis is a chronic condition that progressively

worsens over the course of a patient’s life.27 Pain is the

cardinal symptom of osteoarthritis, which may or may not
always be present in CN, given loss of protective sensation.
However, the pain in osteoarthritis is classically exacerbated
by activity and improved by rest.28 Osteoarthritis also has
characteristic findings on radiographs, such as joint space
narrowing, the presence of osteophytes, and subchondral
sclerosis.29,30 In addition, bony fragmentation and callus
formation are not seen in osteoarthritis but can be seen
in CN.

Diagnosis
Diagnostic delays in diabetic CN are common but

avoidable if clinicians maintain a high index of suspicion in
patients with risk factors for CN.We encourage clinicians to
always consider CN in their differential diagnosis when a
diabetic patient with peripheral neuropathy presents
with foot edema, redness, and warmth, especially in
the absence of pain. Diagnosis of CN includes a
thorough history and physical exam, imaging, and
laboratory evaluation.

Physical Exam
Diagnosis of CN begins with a complete physical exam.

Vital signs should be assessed for evidence of systemic illness,
such as the presence of fever, tachycardia, or hypotension. In
addition, the patient’s feet should be inspected for the
presence of ulcers or breaks in the skin. Although gross
sensation testing in patients at risk of neuropathy is simple
and rapid in the emergent setting, it is unreliable for assessing
diabetic patients at risk of CN.31 Semmes-Weinstein
monofilament testing has long been considered the gold
standard for detecting clinically relevant neuropathy in
diabetic patients.31 This non-invasive, low-cost, and rapid
test is the most sensitive indicator of CN.32 In addition to
sensation testing, skin texture, bony deformities, signs of
vascular or neurologic compromise, and details of footwear
should be recorded.2 Finally, elevating the affected foot for
30 minutes is a simple yet effective way of narrowing the
differential diagnosis in the emergent setting. Redness will
decrease in CN but not in the setting of infection.3

Laboratory Testing
Laboratory testing in patients suspected of CN should

include a complete blood count (CBC), WBC with
differential, and testing of renal function (via blood urea
nitrogen and creatinine). Patients should also be screened for
diabetes, even if they do not have a history of the disease or its
presenting risk factors. Depending on the clinical setting, this
can be achieved by assessing fasting glucose, hemoglobin
A1c (HbA1c), or random blood glucose levels. The ESR and
CRP can also be helpful, as elevations in these values are seen
more commonly in other conditions, such as osteomyelitis
or infection.
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Imaging
Imaging is also helpful to help establish the diagnosis of

CN; however, it is imperative to emphasize that normal
radiographs do not rule out CN. Radiographs are often
unremarkable in the early stages of the disease and are not a
reliable indicator of disease progression. Nonetheless, plain
film radiographs must be obtained because they serve as a
baseline and allow for the detection of subtle changes that
may portend instability.3

In instances where the radiograph is negative, but there
remains a high index of suspicion for CN, MRI can be used
for further evaluation. Magnetic resonance imaging is more
sensitive in detecting subtle changes in the early phase of the
disease and can help rule out other overlapping pathologies
such as osteomyelitis.32 In instances when MRI is
contraindicated or cannot effectively distinguish CN from
other pathologies, nuclear medicine studies such as
leukocyte-labeled bone scans are highly specific for
distinguishing between CN and infection.33 In this process,
WBCs are removed from the patient, tagged with a
radioisotope such as indium-111, and injected intravenously
back into the patient. The tagged leukocytes then localize to
areas of relatively new infection.

Treatment
Immobilization

Charcot neuroarthropathy is a medical emergency that
can lead to irreversible skeletal destruction and permanent
deformities if not promptly addressed.33 In patients with
concomitant risk factors for CN, immobilization and non-
weight bearing of the involved foot is recommended until the
correct diagnosis is confirmed. Once the diagnosis of CN is
established, it is vital to continue immobilization and non-
weight bearing of the affected extremity.32 At a minimum,
the patient should be placed in a controlled ankle motion
(CAM) boot. We caution against splinting or casting in the
ED in case the patient gets lost to follow-up. A long-term
splint or cast could lead to ulceration in the setting of
decreased sensation. If an ulcer is present, the preferred
method of immobilization is a total contact cast.3,33 Full
methodology for the application of total contact casting is
outside the scope of this manuscript but generally includes a
thin layer of cast padding to allow for weight distribution to
offload points of ulceration and bony change. Total contact
casting should continue until lower extremity edema and
warmth resolve and serial radiography shows evidence of
osseous consolidation.3 This process typically occurs after
three to fourmonths but can take as long as 12months. ACT
or MRI can also be used to monitor the resolution of CN.

DISCUSSION
Charcot neuroarthropathy continues to emerge as a

significant contributor to patient morbidity worldwide. In
recognition of the importance of early diagnosis of this

condition, a number of authors have reported on various
interventions aimed to improve the detection of CN. A study
by Foltz et al looked at the vascular and neurologic findings
that were the most helpful in differentiating factors between
patients with and without CN.34 They found that simple
neurologic testing combined with a comprehensive patient
history were themost beneficial tools to determine patients at
high risk of developing CN. They found statistically
significant associations for history of retinopathy,
nephropathy, and previous foot ulcer in addition to the
neurologic physical exam findings of vibratory sensation,
deep tendon reflexes, and Semmes-Weinstein monofilament
testing with CN. Notably, vascular examinations were not
predictive of CN.These findings have important implications
for emergency physicians who are considering a diagnosis
of CN.

Another study by Chantelau et al assessed the clinical
course of acute CN in 24 patients without evidence of definite
fractures on the initial radiograph after the onset of
symptoms.35 Alarmingly, 19 of the 24 patients in this study
had been misdiagnosed prior to referral, highlighting the
difficulty in achieving an accurate diagnosis of CN. Themost
common misdiagnosis among these patients was an ankle
sprain, followed by cellulitis. Fourteen of the patients
progressed to definite fractures of either all tarsometatarsal
joints or of the talonavicular joint. This study emphasizes the
importance of early diagnosis, treatment, and referral of CN
to prevent the progression of the disease.

If CN is promptly diagnosed, early treatment has shown
excellent success at mitigating its possible long-term
ramifications. A study by Parisi et al in 2013 looked at the
radiographic and functional results in the treatment of the
early stages of CN with a CAM boot and immediate weight-
bearing.36 The study included 22 patients with type 2
diabetes. American Orthopedic Foot and Ankle Society
scores showed statistically significant improvement at the
termination of the study. These authors conclude that the
utilization of a CAM boot in conjunction with immediate
weight-bearing for CN showed good functional outcomes
and halted the progression of deformity on radiographic
assessment. In contrast, when the diagnosis of CN is delayed
and patients present to the ED with the presence of a
Charcot-related foot wound, outcomes can be much worse.
A study by Wukich et al found that the presence of a
Charcot-related foot wound at presentation increased the
likelihood of a major lower extremity amputation by a factor
of six.37

CONCLUSION
Charcot neuroarthropathy is a highly complex disorder,

and its pathophysiology is not fully understood. While once a
rare diagnosis, as obesity and diabetes rates rise, CN is
becoming more common. Even experienced clinicians may
struggle to diagnose CN, given the large number of other
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conditions that can present similarly. It should always be on
the differential in a diabetic patient with peripheral
neuropathy and signs of foot edema, redness, and warmth,
especially in the absence of pain. If CN is suspected,
immediate immobilization and non-weight bearing are
recommended until orthopedic follow-up. Amultidisciplinary
approach should be emphasized in the care of patients with
CN, with enhanced collaboration between emergency
physicians and orthopedic surgeons to ensure the best
outcome for patients with this complex condition.
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Introduction:Endovascular thrombectomy (EVT) significantly improves outcomes in large vessel occlusion
stroke (LVOS). When a patient with a LVOS arrives at a hospital that does not perform EVT, emergent
transfer to an endovascular stroke center (ESC) is required. Our objective was to determine the association
between door-in-door-out time (DIDO) and 90-day outcomes in patients undergoing EVT.

Methods:We conducted an analysis of the Optimizing Prehospital Stroke Systems of Care-Reacting to
ChangingParadigms (OPUS-REACH) registry of 2,400 LVOSpatients treated at nineESCs in theUnited
States. We examined the association between DIDO times and 90-day outcomes as measured by the
modified Rankin scale.

Results: A total of 435 patients were included in the final analysis. Themean DIDO time for patients with
good outcomes was 17 minute shorter than patients with poor outcomes (122 minutes [min] vs 139 min,
P= 0.04). Absolute DIDO cutoff times of ≤60 min, ≤90 min, or ≤120 min were not associated with
improved functional outcomes (46.4 vs 32.3%, P= 0.12; 38.6 vs 30.6%, P= 0.10; and 36.4 vs 28.9%,
P= 0.10, respectively). This held true for patients with hyperacute strokes of less than four-hour onset.
Lower baseline National Institutes of Health Stroke Scale (NIHSS) score (11.9 vs 18.2, P=<.001) and
younger age (62.5 vs 74.9 years (P< .001) were associated with improved outcomes. On multiple
regression analysis, age (odds ratio [OR] 1.71, 95% confidence interval [CI] 1.45–2.02) and baseline
NIHSS score (OR 1.67, 95% CI 1.42–1.98) were associated with improved outcomes while DIDO time
was not associated with better outcome (OR 1.13, 95% CI 0.99–1.30).

Conclusion: Although the DIDO time was shorter for patients with a good outcome, this was non-
significant in multiple regression analysis. Receipt of intravenous thrombolysis and time to EVT were not
associated with better outcomes, while male gender, lower age, arrival by private vehicle, and lower
NIHSS score portended better outcomes. No absolute DIDO-time cutoff or modifiable factor was
associated with improved outcomes for LVOS. This study underscores the need to streamline DIDO
times but not to set an artificial DIDO time benchmark to meet. [West J EmergMed. 2023;24(5)931–938.]
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INTRODUCTION
Endovascular thrombectomy (EVT) significantly

improves outcomes in patients with large vessel occlusion
stroke (LVOS).1 Time to thrombectomy is a major
determinant of neurologic outcome with shorter times
associated with better functional outcomes at 90 days.2,3 Key
components in managing LVOS include identifying the
LVOS, determining eligibility for thrombolytics and EVT,
and optimizingmanagement until reperfusion occurs.4Many
hospitals in the United States do not have EVT capabilities
and must transfer LVOS patients to endovascular stroke
centers (ESC) for EVT.5

It is not clear how the length of time spent at the
transferring non-ESC impacts patient outcomes. Time spent
at non-ESC hospitals prior to transfer is defined as the door-
in-door-out time (DIDO). Longer DIDO times at the non-
ESC may worsen outcomes by delaying recanalization and
reperfusion.6 However, there is a paucity of evidence on the
relationship betweenDIDO and functional outcomes. In this
study, we examined the relationship between DIDO times
and 90-day functional outcomes in amulticenter registry.We
hypothesized that longer DIDO times would be associated
with worse functional outcomes at 90 days.

METHODS
This study was conducted by the Optimizing Prehospital

Stroke Systems of Care-Reacting to Changing Paradigms
(OPUS-REACH) consortium. The OPUS-REACH is a
consortium of nine health systems in the Northeast US. The
structure of the OPUS-REACH consortium has been
previously described.7 The OPUS-REACH registry includes
all patients who underwent EVT at one of the nine ESCs
between January 1, 2015–December 31, 2020. An ESC was
defined as a thrombectomy-capable stroke center or
comprehensive stroke center capable of performing EVT
24 hours a day on an emergency basis. We included all
patients who initially presented to a non-ESC and were later
transferred to an ESC for EVT. We excluded patients from
analysis if their stroke occurred after arrival at the hospital,
their 90-day functional outcome was unknown, or if DIDO
time at the non-ESC was not available.

We extracted all information from the electronic health
records (EHR) at the individual hospitals and submitted to
Temple University that serves as the central repository for
OPUS-REACH data. Trained research associates or nurses
at each of the nine sites used a standardized case report form
to abstract data from the EHR. The principal investigator at
each of the nine sites verified the data prior to submission to
University. The data abstracted were explicit variables
without need for interpretation. Missing data was not
imputed except for missing 90-day modified Rankin Scale
(mRS) scores.

The mRS score was obtained from documentation in the
EHRor by estimation by the site investigator using the EHR.

If no 90-daymRS scorewas documented in the EHRor in the
hospital’s stroke registry, the site investigator at each ESC
reviewed the EHR to identify a clinician note from the 90-day
time frame. This could have been a note from neurology,
emergency medicine, primary care, physical therapy, or any
other licensed clinician. Using this note, the site investigator
estimated whether the patient had a good (mRS 0–2) or poor
(mRS 3–6) functional outcome. For example, if the EHR
reflected that the patient needed care in a skilled nursing
faculty this would be coded as a poor outcome while if the
note reflected the patient had minimal neurological deficits
and walked without assistance, the patient would be assigned
a good outcome. This estimation of the mRS score has been
previously shown to have good correlation with in-person
derived mRS values.8 We collected and managed study data
using REDCap electronic data capture tools hosted at
Temple University.1,2 REDCap (Research Electronic Data
Capture) is a secure, web-based software platform designed
to support data capture for research studies.

The primary outcome was 90-day functional outcome as
assessed by the mRS.10–13 A mRS score of 0–2 was
considered a good outcome while a mRS score of 3–6 was
considered a poor outcome.

Descriptive summary statistics are presented as means
(SD) for continuous variables and as frequencies with
percentages for categorical variables. We used the

Population Health Research Capsule

What do we already know about this issue?
Door-in-door-out (DIDO) time (the time
spent in the ED at a transferring hospital) is
used as a benchmark in stroke patients
transferred to a higher level of care.

What was the research question?
What is the association between DIDO time
and outcomes in patients undergoing
endovascular therapy?

What was the major finding of the study?
The mean time for patients with good
outcomes was 122 minutes vs 139 minutes for
patients with poor outcomes (P = 0.04).

How does this improve population health?
This study underscores the need to streamline
DIDO times but not to set an artificial DIDO-
time benchmark for transferring hospitals
to meet.
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two-sample t-test to compare continuous variables and chi-
square test to compare categorical variables between good
and poor outcomes. Univariate logistic regression was
performed to establish potential factors that may contribute
to good outcomes. A priori, we defined a P-value of <0.05 as
significant in the univariate analysis. Multiple variable
logistic regression was conducted to determine the
association of variables to estimate an odds ratio of a good
outcome. We performed statistical analyses with SAS
Statistics Software, SAS 9.4 (SAS Institute Inc, Cary, NC).
Univariate analysis was performed using t-tests to obtain a
P-value. A priori, we defined a P-value of <0.05 as
significant. We conducted multiple logistic regression to
determine the association of variables to estimate an odds
ratio. The institutional review boards of all nine participating
institutions approved this study.

RESULTS
Of the 2,139 patients in the OPUS-REACH registry, we

included 434 in the final analysis (Figure 1). Patients were
predominantly White with an even distribution by gender.
The median age was 71 years (Table 1). Of the 378 patients
for whom the time of vascular imaging was known, 56%

of patients had vascular imaging performed at the
transferring hospital.

We found that 33% of patients had a good outcome
(mRS 0–2). Patients who had favorable 90-day outcomes had
a lower baselineNIHSS score than those with poor outcomes
(NIHSS 11.9 vs 18.2, P < 0001). Patients with better
outcomesweremore likely to arrive by private transport than
by emergency medical services (EMS) (56.5 vs 30.6%,
P = 0.004). Overall, patients with good outcomes had a
17-minute faster DIDO time than patients with poor
outcomes (122.6minutes [min] vs 139.8min,P = 0.037). This
trend, however, did not meet statistical significance
when analyzed with DIDO cutoff times of ≤60, ≤90,
or ≤120 min (Table 2).

We performed a subgroup analysis for patients who
arrived at the non-ESCwithin four hours of the onset of their
strokes (hyperacute stroke). Here, we saw no difference in the
mean DIDO times between the group with good outcomes
and the group with poor outcomes (Table 3). Again, lower
age and lower initial NIHSS score portended better
outcomes. On multiple variable analysis, we found that age
and lower baseline NIHSS score were the only variables
associated with improved outcomes in LVOS patients. There

Figure 1. Enrollment diagram. Of the initial cohort of 2,129 patients, 434 were included in the final analysis based on complete DIDO times
and neurologic outcomes.
ESC, endovascular stroke center.
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were no modifiable factors associated with improved
outcomes. (Table 4).

DISCUSSION
Although patients with good outcome had slightly faster

DIDO times overall, we could find no specific DIDO
threshold up to 120 min that was associated with improved
outcomes at 90 days whether early or late in the stroke
process. The initial NIHSS score and the patient’s age were
more predictive than DIDO time for favorable outcome. We
found some surprising factors that were not associated with
outcomes among our patients. Arrival by EMS was
significantly associated with improved outcomes in our
cohort. Arrival by EMS was closely linked to a higher
NIHSS score. Therefore, EMS arrival was not significant on
multiple variable analysis. Receipt of intravenous
thrombolysis (IVT) was borderline significant on univariate
analysis. This may be related to a small sample size or
to the fact that the mean arrival time to the non-ESC was
greater than 4.5 hours, making many patients ineligible
for IVT.

Most interesting, time to EVT was not associated with
better outcomes, despite prior research showing delays to
EVT were associated with worse outcomes. For example,
Jahan et al found that each 15-min delay to EVT was
associated with worse outcomes.14 However, this effect only
persisted up to 270min. Therefore, the longer time to EVT in
our cohort may have diluted effects of time to EVT.
Although DIDO time is linked to EVT time, there are many
more time intervals involved in stroke onset to EVT. It may
be that time from hospital arrival to EVT or time from
imaging to EVT are more important factors in outcomes
after LVOS.

The model for transferring patients to higher levels of care
and concern that delays may impact long-term function is an
adaptation of the models developed for managing acute ST-
elevation myocardial infarction (STEMI). Among STEMI
transfer patients, those with prolonged DIDO times had
increased mortality at 30 days.15 Transferred patients with
DIDO times <30 min had both shorter perfusion times and
lower in-hospital mortality, with the odds ratio of 1.56 for
those with times >30 min.16

In one metanalysis of nearly 16,000 patients, the authors
found that those with DIDO time of <30 min had a 2.8%
30-day mortality compared to 6.0% for patients with DIDO
times of >30 min.17 However, DIDO times for transferred
patients undergoing primary percutaneous intervention
rarely meet the recommended 30-min goal.18,19 Common
delays in transfer include transport delays, diagnostic
uncertainty, and clinical instability prior to transfer.20

As regional stroke systems of care develop, DIDO has
been proposed as ametric for transferring hospitals to follow.
Choi et al demonstrated that a primary stroke center can
achieve median DIDO times of <60 min.21 However,
compared to the STEMI transfer process, the diagnosis of
LVOS is more complex. Whereas a STEMI diagnosis can be
made based on a 12-lead electrocardiogram and an
abbreviated history, the diagnosis of an LVOS requires a
thorough neurologic exam, advanced computed
tomography, radiologic interpretation, and consultation
with a neurologist. Currently the American Heart
Association (AHA) makes no recommendations as to an
optimal DIDO time for LVOS.1 While the benefit of EVT is
time dependent early on in LVOS, and systems of care should
prioritize rapid transfer of LVOS patients to an ESC, more
research is needed to identify a clinically meaningful DIDO
threshold, prior to adopting national benchmarks. From our
data, we cannot recommend a specific DIDO time for LVOS
patients in an analogous manner to STEMI patients.

LIMITATIONS
Our study has several limitations. As it was a retrospective

study, we did not have complete data on all the patients
transferred to thrombectomy centers for EVT. We were
missing DIDO times for 197 patients largely because of

Table 1. Demographics.

Demographic N= 434 (%)

Race

American Indian/Alaska Native 1 (0.2)

Black or African American 62 (15.0)

White 347 (83.8)

Asian/Native Hawaiian/Pacific Islander 2 (0.5)

Other 2 (0.5)

Unknown 22 (5.0)

Hispanic ethnicity

Yes 16 (3.7)

No 416 (96.3)

Unknown 4 (0.9)

Age

Mean (SD) 70.7 (16.2)

Range 25–103

Gender

Male 211 (48.4)

Female 225 (51.6)

Baseline Patient Characteristics

Mean initial NIHSS (SD) 16.1 (8.1)

Mean time from last known well to arrival at
non-ESC in minutes (SD)

276 (325)

Mean time from last known well to EVT in
minutes (SD)

505 (344)

NIHSS, National Institutes of Health Stroke Scale; EVT,
endovascular thrombectomy.
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Table 2. Univariate analysis of entire cohort.

Variable Overall (N= 434) Good (N= 144) Poor (N= 290) P-value

434 144 290

Mean DIDO time at non-ESC (SD) 134.1 (86.7) 122.6 (74.0) 139.8 (91.9) 0.04

Means of arrival to non-ESC (n= 415) <.001

EMS 369 (88.9) 113 (30.6) 256 (69.4)

Private Vehicle 46 (11.1) 26 (56.5) 20 (43.5)

Received IVT 0.08

No 263 (60.6) 79 (30.0) 184 (70.0)

Yes 171 (39.4) 79 (38.0) 106 (62.0)

Vascular imaging performed at non-ESC (n= 324) 0.73

No 141 (43.5) 46 (32.6) 95 (67.4)

Yes 183 (56.5) 63 (34.4) 120 (65.6)

Level of non-ESC (n= 434) 0.90

Not certified 59 (13.6) 20 (33.9) 39 (66.1)

PSC 375 (86.4) 124 (33.1) 251 (66.9)

Race (n = 412) 0.55

American Indian 1 (0.2) 0 1 (100.0)

Asian/Pacific Islander 2 (0.5) 0 1 (100.0)

Black 62 (15.1) 23 (37.1) 39 (62.9)

White 345 (83.7) 111 (32.2) 234 (67.8)

Other 2 (0.5) 0 2 (100.0)

Hispanic ethnicity (n= 430) 0.57

No 415 (96.5) 137 (33.0) 278 (67.0)

Yes 15 (3.5) 6 (40.0) 9 (60.0)

Mean age (SD) 70.8 (15.1) 62.5 (15.0) 74.9 (13.5) <.001

Gender 0.02

Female 224 (51.5) 63 (28.1) 161 (71.9)

Male 211 (48.5) 81 (38.4) 130 (61.6)

DIDO time at non-ESC

≤60 minutes (min) 28 (6.5) 13 (46.4) 15 (53.6) 0.12

>60 min 406 (93.6) 131 (32.3) 275 (67.7)

≤90 min 140 (32.3) 54 (38.6) 86 (61.4) 0.10

>90 min 294 (67.7) 90 (30.6) 204 (69.4)

≤120 min 247 (56.9) 90 (36.4) 157 (63.6) 0.10

>120 min 187 (43.1) 54 (28.9) 133 (71.1)

LKW to arrival at non-ESC (n= 401) 0.31

Mean time in minutes (SD) 278.83 (330.1) 254.63 (300.1) 290.57 (343.6)

LKW to arrival at non-ESC in <4 hours (n= 266) 88 (33.1) 178 (66.9) 0.80

LKW to EVT (n= 394) 0.28

Mean time in minutes (SD) 497.4 (334.8) 471.4 (307.5) 510.4 (347.5)

Initial NIHSS score (n= 430) [SD] 16.1 (8.1) 11.9 (7.3) 18.2 (7.7) <.001

DIDO, door-in-door-out; ESC, endovascular stroke center; EMS, emergency medical services; IVT, intravenous thrombolysis; PSC, primary
stroke center; LKW, last known well; EVT, endovascular thrombectomy; NIHSS National Institutes of Health Stroke Scale.
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Table 3. Univariate analysis of patients with hyperacute stroke presentation (onset to arrival of non-endovascular stroke center of
<240 minutes).

Variable Total Good outcome Poor outcome P-value

265 87 178

Mean DIDO time (SD) 126.3(71.2) 116.6 (62.4) 131.1 (74.9) 0.12

Means of arrival to Nnon-ESC (n= 254)

EMS 227 (89.4) 67 (29.5) 160 (70.5) <.001

Private vehicle 27 (10.6 15 (55.6) 12 (44.4)

Received IVT

No 106 (40.0) 28 (26.4) 78 (73.6) 0.07

Yes 159 (60.0) 59 (37.1) 100 (62.9)

Vascular imaging performed at non-ESC (n= 200)

No 88 (44.0) 28 (31.8) 60 (68.2) 0.82

Yes 112 (56.0) 34 (30.4) 78 (69.6)

Level of non-ESC 265

Not certified 41 (15.5) 13 (31.7) 28 (68.3) 0.87

PSC 224 (84.5) 74 (33.0) 150 (67.0)

Race (n = 249) 249

American Indian 1 (0.4) 0 1 (100) 0.83

Asian or Pacific Islander 1 (0.4) 0 1 (100)

Black 32 (12.9) 11 (34.4) 21 (65.6)

White 214 (85.9) 68 (31.8) 146 (68.2)

Other 1 (0.4) 0 2 (100)

Hispanic ethnicity (n= 263)

No 252 (95.8) 84 (33.3) 168 (66.7) 0.68

Yes 11 (4.2) 3 (27.3) 8 (72.7)

Mean age <.001

Mean (SD) 70.87 (15.14) 62.86 (14.83) 74.78 (13.71)

Gender (n= 245) 0.04

Female 146 (55.1) 40 (27.4) 106 (72.6)

Male 119 (44.9) 47 (39.5) 72 (60.5)

DIDO time at non-ESC

≤60 minutes (min) 16 (6.0) 6 (37.5) 10 (62.5) 0.68

>60 min 406 (93.6) 131 (32.3) 275 (67.7)

≤90 min 91 (34.3) 34 (37.4) 57 (62.6) 0.26

>90 min 294 (67.7) 90 (30.6) 204 (69.4)

≤120 min 158 (59.6) 57 (36.1) 101 (63.9) 0.17

>120 min 187 (43.1) 54 (28.9) 133 (71.1)

LKW to arrival at non-ESC 0.35

Mean (SD) 79.31 (53.2) 74.95 (53.4) 81.43 (53.1)

LKW to EVT (n= 260) 0.97

Mean (SD) 301.13 (114.2) 300.69 (114.9) 301.35 (114.1)

Initial mean NIHSS score (SD) [n= 263] 263

DIDO, door-in-door-out; ESC, endovascular stroke center; IVT, intravenous thrombolysis; EMS, emergency medical services;
PSC, primary stroke center; LKW, last known well; EVT, endovascular thrombectomy.
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missing data from the transferring hospitals. As data was
collected retrospectively, records from the transferring
hospital were sometimes missing from the EHR of the ESC.
In addition, the three-month outcome was based on a mRS
score that at times was estimate-based. Prior studies have
validated this methodology, however.8

In addition, we included patients cared for by nine health
systems and over 100 non-ESCs. Although most followed
standard AHA/American College of Cardiology stroke
guidelines for care and are designated as ESCs, there are
variations in prehospital EMS communications, transfer
processes, initial imaging, and thrombolysis process at the
initial hospitals from which they receive patients. However,
the inclusion of many health systems in a wide contiguous
geographic region improves generalizability and provides
information about outcomes in routine clinical practice,
rather than clinical trials. All patients in our study were
known to have LVOS and underwent EVT.We do not know
theDIDO times for patients whowere transferred but did not
undergo EVT.

CONCLUSION
Although the mean door-in-door-out time is shorter for

patients with good functional outcomes after large vessel
occlusion stroke there is no absolute DIDO cutoff time up to
120 minutes that improved 90-day functional outcome for
patients with an LVOS undergoing endovascular
thrombectomy. Before establishing DIDO metrics for
referring hospitals, more research is needed on factors that
improve clinical outcomes. The most important predictor of
90-day outcomes is the patient’s age and initial NIHSS score.

Non-endovascular stroke centers should focus on following
AHA/American Stroke Association guidelines for initial
stroke care, including intravenous thrombolysis
administration, and appropriate transfer to an ESC.
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Background: There are no randomized trials comparing andexanet alfa and 4 factor prothrombin
complex concentrate (4F-PCC) for the treatment of factor Xa inhibitor (FXa-I)-associated bleeds, and
observational studies lack important patient characteristics. We pursued this study to demonstrate the
feasibility of acquiring relevant patient characteristics from electronic health records. Secondarily, we
explored outcomes in patients with life-threatening FXa-I associated bleeds after adjusting for
these variables.

Methods: We conducted a multicenter, chart review of 100 consecutive adult patients with FXa-I
associated intracerebral hemorrhage (50) or gastrointestinal bleeding (50) treated with andexanet alfa or
4F-PCC.We collected demographic, clinical, laboratory, and imaging data including time from last factor
FXa-I dose and bleed onset.

Results: Mean (SD) age was 75 (12) years; 34% were female. Estimated time from last FXa-I dose to
bleed onset was present in most cases (76%), and patients treated with andexanet alfa and 4F-PCC
were similar in baseline characteristics. Hemostatic efficacy was excellent/good in 88% and 76% of
patients treated with andexanet alfa and 4F-PCC, respectively (P= 0.29). Rates of thrombotic events
within 90 days were 14% and 16% in andexanet alfa and 4F-PCC patients, respectively (P= 0.80).
Survival to hospital discharge was 92% and 76% in andexanet alfa and 4F-PCC patients, respectively
(P= 0.25). Inclusion of an exploratory propensity score and treatment in a logistic regression model
resulted in an odds ratio in favor of andexanet alfa of 2.01 (95% confidence interval 0.67–6.06) for
excellent/good hemostatic efficacy, although the difference was not statistically significant.

Conclusion: Important patient characteristics are often documented supporting the feasibility of a large
observational study comparing real-life outcomes in patients with FXa-I-associated bleeds treated
with andexanet alfa or 4F-PCC. The small sample size in the current study precluded definitive
conclusions regarding the safety and efficacy of andexanet alfa or 4F-PCC in FXa-I-associated bleeds.
[West J Emerg Med. 2023;24(5)939–949.]
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INTRODUCTION
The use of factor Xa inhibitors (FXa-I) has rapidly

increased over the last decade due to their improved
pharmacokinetic properties, efficacy, and safety compared
with oral vitaminKantagonists.1–4As a result, the number of
patients requiring treatment for life-threatening bleeding
associated with FXa-I use has also increased.5 Prior to the
availability of a specific reversal agent for bleeding secondary
to the FXa-I, these bleeds were treated with 4-factor
prothrombin complex concentrates (4F-PCC) containing
coagulation factors II, VII, IX and X,6,7 but because patients
treated with the FXa-I are not deficient in these coagulation
factors, the mechanistic rationale for their use has been
questioned.8 Andexanet alfa (more recently known as
coagulation factor Xa [recombinant], inactivated-zhzo)
is a specifically designed recombinant factor Xa decoy
molecule.9 Due to its high affinity to the FXa-I, andexanet
alfa binds with apixaban and rivaroxaban releasing native
FXa and resulting in thrombin generation, clot formation,
and hemostasis.

The efficacy and safety of andexanet alfa in patients
treated with FXa-I presenting with life-threatening bleeds is
supported by the ANNEXA-4 clinical trial.10 However,
ANNEXA-4 was a single arm trial. An ongoing randomized
clinical trial (RCT), ANNEXA-I, is comparing andexanet
alfa head to head with coagulation factor replacement
strategy (anticipated to mostly be 4F-PCC) for factor FXa-I-
related intracerebral hemorrhage (ICH) (ClinicalTrials.gov
NCT03661528). Yet the results of this trial are not
anticipated for at least 1–2 years, and it will only provide
results for intracerebral bleeds.

While a number of studies have described the use of 4F-
PCC for treatment of life-threatening bleeds in patients
treated with a FXa-I,6,7 relatively few studies have compared
4F-PCC to andexanet alfa and none have been RCTs.11–16

Direct comparison of patients treated with 4F-PCC and
andexanet alfa is challenging due to differences in patient
populations and endpoints. A retrospective review of
electronic health records (EHR) from 45 hospitals compared
outcomes of 3,030 patients hospitalized with major bleeding
related to FXa-I and treated with andexanet alfa or 4F-PCC.
In this study, treatment with andexanet alfa was associated
with the lowest hospital mortality across different bleed
types.14 However, this study did not collect critical baseline
information such as time from last FXa-I dose and did not
control for confounding variables, limiting its conclusions.
Furthermore, this study was limited to hospital outcomes
only with no longer term outcomes.

Another retrospective study of 322 patients treated with
andexanet alfa from the ANNEXA-4 study10 that were
propensity score matched (PSM) with 88 patients from the
ORANGE study15 found lower 30-day adjusted mortality
rates in patients treated with andexanet alfa.13 This study is
also limited since patients included in the ANNEXA-4 study

were generally less severely ill than those included in the
ORANGE study. In contrast, other retrospective
comparisons of patients treated with andexanet alfa or 4F-
PCC have not shown clear differences in outcomes.11,12,16,17

Importantly, these studies often failed to control their
analyses for relevant patient characteristics that are potential
confounding variables, such as timing from last
FXa-I dose, timing from onset of bleeding episode, initial
ICH volume, time from ICH onset to first head CT, or
severity of illness.18

Our objective in this current feasibility study was to
conduct a multicenter retrospective chart review to
determine whether data regarding important patient
characteristics was generally documented in the EHR and to
explore the association between 4F-PCC or andexanet
alfa and outcomes in patients with primary ICH and
gastrointestinal bleeds (GIB) associated with use of
apixaban or rivaroxaban.

METHODS
Study Design

We performed a structured, retrospective chart review,
consistent with the recommended methodology of Kaji
et al.19 Our study also followed the Strengthening of
Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines for cross-sectional studies.20

Because of the retrospective design, we received institutional
review board (IRB) approval with waiver of informed
consent. Due to the nature of this study as a feasibility and
exploratory pilot, no sample size calculations were made.

Patients and Settings
We included all adult patients presenting with an ICH (50)

or GIB (50) event who received reversal with andexanet alfa
(50) or replacement with 4F-PCC (50). We chose to include
50 patients in each treatment group and bleeding type a priori
since we felt that this number would be adequate to
determine the feasibility of a larger study. We excluded
patients who were treated with both agents as well as patients
treated with andexanet alfa plus other coagulation factor
concentrates. We also excluded patients transferred to one of
the study sites from another hospital. The study period
was from May 2018 (when the US Food and Drug
Administration [FDA] approved andexanet alfa) until
December 2021. Consecutive patients were enrolled in
reverse chronological order startingwith themost recent date
(based on each institution’s IRB approval) until the required
number of patients were identified. The study sites included
two large academic medical centers and two large
community settings. Initially, each hospital was requested to
contribute cases equally. However, due to imbalances in
number of patients treated, the final number of study patients
from each site was not equal. One site did not have andexanet
alfa on formulary and only contributed cases treated with
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4F-PCC. At the other three sites andexanet alfa was added to
the formulary in June 2018.

Decision on high or low dose followed the standard
recommendations. No patient in the study had repeated
doses. Andexanet alfa was used in patients who reported
last dose of apixaban or rivaroxaban within 18 hours and
met the following indications: i) acute, overt major or life-
threatening bleeding episode; ii) acute bleeding in a
critical area or organ, such as pericardial, intracranial,
or intraspinal; iii) signs or symptoms of significant
hemodynamic compromise despite aggressive fluid and
blood product resuscitation; iv) patients with ICHmust have
had a Glasgow Coma Score (GCS) ≥7 and an estimated
intracerebral hematoma volume of 60 milliliters as assessed
by computed tomography (CT) or magnetic resonance
imaging. During the study period, prescription of andexanet
alfa was restricted to neurology, neurosurgery, hematology,
emergency medicine, and trauma surgery. The 4F-PCC
prescription was not restricted by specialty, and dose was
weight-based. The decision to treat patients and the selection
of the reversal agent was at the discretion of the
treating physician.

Data Collection
Structured data collection was performed by physicians,

pharmacists or trained research assistants using a HIPPA-
compliant encrypted database (REDCap, hosted at
Vanderbilt University, Nashville, TN). We developed a
library of the definitions of data collected (Supplement 1).
Data collected included demographic, clinical, laboratory,
and imaging data on patient presentation and throughout
their entire hospital admission and extending to 90 days after
discharge. The presence of comorbidities was determined by
chart review. Among the variables collected we specifically
searched all EHRs for time of bleeding onset, time from last
dose of oral FXa-I, time from presentation to imaging,
clinical risk scores (GCS for ICH and albumin level <3.0
grams per deciliter, international normalized ratio [INR]
>1.5, altered mental status, systolic blood pressure less than
90 millimeters of mercury, and age >65 years [AIMS65]
for GIB)21,22 and concomitant treatments including
blood products, reversal agents, and procedures. (See
Supplements 2–4 for data collection tools.) Thrombotic
events were collected during index hospitalization and at 30
and 90 days after discharge.We defined thrombotic events as
deep vein thrombosis (DVT), pulmonary embolism (PE),
ischemic stroke, myocardial infarction, or other arterial or
venous thromboembolic events. Door to needle time was
defined as time from hospital presentation to receipt of
reversal agent. Onset to CT time was calculated using the
difference between initial CT and time of bleeding onset,
where they both existed; onset to CT time for the remainder
of cases was determined by combining categorical onset to
presentation time (<6, 6–12, 12–24, 24–48, and >48 hours),

using the median time for each category, with door to CT
time. We defined all study data and variables prior to
initiating the study and trained our data abstractors using a
library of definitions (see Supplement 1). We periodically
monitored data collection and provided feedback to the data
abstractors during and after data collection and entry
regarding missing, conflicting, or obviously erroneous data.
The number of data abstractors at each institution varied
from 1–3. The data abstracters were not blinded to therapy.

Outcomes
We developed all study outcomes a priori. The primary

outcomes were presence of estimated times from last dose of
FXa-I and time from bleeding onset to administration of
4F-PCC or andexanet alfa. Secondary outcomes were
hemostatic efficacy as defined by the ANEXXA-4 criteria,23

survival to hospital discharge, thrombotic events during the
index hospitalization and at 30 and 90 days, and rebleeding
events such as ICH, rectal bleeding, melena, or hematemesis.

Data Analysis
We used descriptive statistics to summarize the data.

Categorical data are presented as numbers or percentages
and compared between groups using chi-square or Fisher
exact tests as appropriate. Continuous variables are
presented with means and standard deviations or medians
and interquartile ranges (IQR) based on their distribution
and compared with t-tests or the Mann-Whitney U tests, as
appropriate. Because this was a pilot study, no formal sample
size calculation was performed. We chose to include 25
patients in each of the four study subgroups: ICH treated
with andexanet alfa; ICH treated with 4F-PCC; GIB treated
with andexanet alfa, and GIB treated with 4F-PCC. An
exploratory PSMmodel was constructed to estimate the odds
of excellent/good hemostatic efficacy in patients treated with
andexanet alfa or 4F-PCC adjusting for age, gender,
comorbidities, time from last dose of FXa-I, time
from bleed onset to treatment, and indication
for anticoagulation.

RESULTS
General Characteristics and Feasibility

In total, the study enrolled 100 patients who were treated
with either andexanet alfa or 4F-PCC for reversal of life-
threatening bleeds after taking apixaban or rivaroxaban
(Table 1). As intentionally designed, half of the patients had
an ICH and half had a GIB. Within the two groups of
patients, half were treated with andexanet alfa while the
other half were treated with 4F-PCC. Mean (SD) age of all
patients was 75 (12) years, and 34% were female. Most
patients were on apixaban (72%), and the rest were on
rivaroxaban. Common comorbidities included hypertension
(78%) and diabetes (25%). Antiplatelet agents were used in
about half of the patients, mostly aspirin (40%) followed by
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Table 1. Comparison of patients with intracerebral hemorrhage and
gastrointestinal bleeding. Results are presented as numbers (%)
unless otherwise specified.

Number (%) unless otherwise
specified

All cases
(N= 100)

ICH
(n= 50)

GIB
(n= 50)

Mean (SD) age, years 75 (12) 75 (15) 75 (10)

Gender

Female 34 (34) 15 (30) 19 (38)

Male 66 (66) 35 (70) 31 (62)

Ethnicity

Non-Hispanic 95 (95) 48 (96) 47 (94)

Hispanic 3 (3) 1 (2) 2 (4)

Unknown 2 (2) 1 (2) 1 (2)

Race

White 91 (91) 47 (94) 44 (88)

Black 2 (2) 1 (2) 1 (2)

Asian 2 (2) 0 2 (4)

Native Hawaiian/Pacific
Islander

1 (1) 0 1 (2)

Unknown 4 (4) 2 (4) 2 (4)

Mean height (SD), cm* 170 (13) 173 (10) 167 (15)

Mean weight (SD), kg 84 (24) 84 (20) 85 (27)

Mean BMI* 30 (15) 28 (6) 31 (21)

Code status at
presentation

Full code 62 (62) 31 (62) 31 (62)

DNR/DNI 10 (10) 5 (10) 5 (10)

DNR 2 (2) 2 (4) 0

Unspecified 26 (26) 12 (24) 14 (28)

Comorbidities

None 3 (3) 0 3 (6)

Hypertension 78 (78) 44 (88) 34 (68)

Diabetes mellitus 25 (25) 11 (22) 14 (28)

Liver 4 (4) 2 (4) 2 (4)

Chronic kidney disease 13 (13) 2 (4) 11 (22)

Alcohol abuse 8 (8) 3 (6) 5 (10)

Prior bleed 16 (16) 3 (6) 13 (26)

Prior stroke 18 (18) 9 (18) 9 (18)

Factor Xa inhibitor

Apixaban 72 (72) 36 (72) 36 (72)

Rivaroxaban 28 (28) 14 (28) 14 (28)

Bleed type

Traumatic 5 (5) 4 (8) 1 (2)

Spontaneous 94 (94) 46 (92) 48 (96)

Unspecified 1 (1) 0 1 (2)

(Continued on next column)

Table 1. Continued.

Number (%) unless otherwise
specified

All cases
(N= 100)

ICH
(n= 50)

GIB
(n= 50)

Indications for
anticoagulation

Atrial fibrillation 68 (68) 33 (66) 35 (70)

Deep vein thrombosis 28 (28) 15 (30) 13 (26)

Pulmonary embolism 15 (15) 6 (12) 9 (18)

Prophylaxis of VTE 0 0 0

Other 6 (6) 4 (8) 2 (4)

Antiplatelet agents

None 52 (52) 24 (48) 28 (56)

Aspirin 40 (40) 23 (46) 17 (34)

Clopidogrel 9 (9) 4 (8) 5 (10)

Ticagrelor 2 (2) 1 (2) 1 (2)

Treatments

Andexanet alfa 50 (5) 25 (50) 25 (50)

4F-PCC 50 (50) 25 (50) 25 (50)

Number of 4F-PCC
doses

1 43 (86) 19 (76) 24 (96)

2 7 (14) 6 (24) 1 (4)

Vitamin K 12 (12) 9 (18) 3 (6)

Fresh frozen plasma 8 (8) 0 8 (16)

Packed red blood cells 38 (38) 0 38 (76)

Platelets 22 (22) 11 (22) 11 (22)

Factor IX 5 (5) 2 (4) 3 (6)

Desmopressin 7 (7) 6 (12) 1 (2)

Cryoprecipitate pooled
5-pack status

1 (1) 0 1 (2)

Intravenous fluids 59 (59) 31 (62) 28 (56)

Other 7 (7) 3 (6) 4 (8)

Outcomes

Thrombotic events
in-hospital

11 (11) 5 (10) 6 (12)

Hemostatic efficacy

Excellent 62 (62) 35 (71) 27 (55)

Good 16 (16) 5 (10) 11 (22)

Poor 20 (20) 9 (18) 11 (22)

Unknown 2 (2) 1 (2) 1 (2)

Rebleed in-hospital 7 (7) 1 (2) 6 (12)

Survival (to discharge) 83 (83) 42 (84) 41 (82)

*9 cases missing height and body mass index.
ICH, intracerebral; GIB, gastrointestinal bleed; BMI, body mass
index; VTE, venous thromboembolism; DNR, do not resuscitate.
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clopidogrel (9%) and ticagrelor (2%). Overall hemostatic
efficacy was excellent in 62% and good in an additional 16%.
Mortality at hospital discharge was 16%, and the
overall rates of thrombosis and rebleeding were 15%
and 7%, respectively.

While the exact timing of last dose of FXa-I and bleed
onset was rarely available, estimated ranges of time (in 6–12-
hour intervals) from last dose and bleed onset were available
in the EHR inmost cases. Of those with ICH, 96% of patients
who received andexanet alfa and 80% of those who received
4F-PCC had documentation of an estimated time from last
FXa-I. In patients with GIB, the documentation of last
FXa-I was present in 92% of those receiving 4F-PCC and
in 68% of those receiving andexanet alfa.

Intracerebral Hemorrhage
A comparison of baseline characteristics of patients with

ICH based on reversal agent is presented in Table 2. Overall,
the two study groups were fairly well balanced for the
variables measured. More patients in the 4F-PCC group had
a prior stroke and intraventricular extension. The most
common sites of bleeding were lobar and the deep white
matter. Median (IQR) initial GCS in patients treated
with andexanet alfa and 4F-PCC were 14 (12–15) and
14 (13–15), respectively.

In both groups, over two thirds of patients presented
within six hours of the onset of bleeding. The proportion of
patients presentingwithin six andwithin 12 hours of their last
dose of oral Fxa-I among those treated with andexanet alfa
were 28% and 52%, respectively, as compared with 4% and
44% among those treated with 4F-PCC (P = 0.06). Initial
hematoma volumes in patients treated with andexanet alfa
and 4F-PCCwere 15+/−23ml and 28+/−37ml, respectively,
P = 0.07. Time to imaging and time to administration of the
reversal agent were relatively short and comparable.

Hemostatic efficacy was excellent in 80% of those treated
with andexanet alfa and 60% among patients treated with
4F-PCC. Survival to hospital discharge among those treated
with andexanet alfa and 4FPCC were 92% and 76%,
respectively (P = 0.25). Of the five thrombotic events that
occurred in-hospital, three were in patients treated with
andexanet alfa (one ischemic stroke, one DVT, and one PE),
and two were in patients treated with 4F-PCC (two DVTs).
The rate of additional thrombotic events beyond the index
hospitalization among patients treated with andexanet alfa
and 4F-PCC were 0% and 5% at 30 days and 0% and 5%
at 90 days, respectively.

Gastrointestinal Bleeding
Of 50 patients with GIB, 25 (50%) had an upper source of

GIB, 16 (32%) had a lower source of GIB and in nine (18%)
patients, the source was unknown. A comparison of baseline
characteristics of patients with GIB based on treatment
strategy is presented in Table 3. Overall, the two study groups

Table 2. Andexanet alfa vs 4F-PCC in patients with intracerebral
hemorrhage. Results are presented as numbers (%) unless
otherwise specified.

Andexanet
alfa

(n= 25)
4F-PCC
(n= 25)

P-
value

Gender 0.54

Female 9 (36) 6 (24)

Male 16 (64) 19 (76)

Mean (SD) age, years 77 (12) 73 (17) 0.38

Ethnicity 0.35

Non-Hispanic 23 (92) 25 (100)

Hispanic 1 (4) 0

Unknown 1 (4) 0

Race 0.22

White 23 (92) 24 (96)

Black 0 1 (4)

Asian 0 0

Native Hawaiian/Pacific
Islander

0 0

Unknown 2 (8) 0

Comorbidities

None 0 0 -

Hypertension 23 (92) 21 (84) 0.67

Diabetes mellitus 8 (32) 3 (12) 0.17

Liver disease 0 2 (8) 0.49

Chronic kidney disease 1 (4) 1 (4) 1.00

Alcohol abuse 1 (4) 2(8) 1.00

Prior bleed 0 3 (12) 0.24

Prior stroke 1 (4) 8 (32) 0.02

Indications for anticoagulation

Atrial fibrillation 17 (68) 16 (64) 1.00

Deep vein thrombosis 8 (32) 7 (28) 1.00

Pulmonary embolism 4 (16) 2 (8) 0.67

Other 1 (4) 3 (12) 0.61

ICH location

Deep white matter 9 (36) 8 (32) 1.00

Lobar 11 (44) 13 (52) 0.78

Brainstem 2 (8) 0 0.49

Cerebellum 3 (12) 3 (12) 1.00

Intraventricular extension 1 (4) 7 (28) 0.049

Hematoma volume, mean
(SD), ml

15 (23) 28 (37) 0.07

Estimated time from last dose
of apixaban/rivaroxaban to
presentation

0.06

<6 hrs. 7 (28) 1 (4)

7–12 hrs. 13 (52) 11 (44)

(Continued on next page)
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Table 2. Continued.

Andexanet
alfa

(n= 25)
4F-PCC
(n= 25)

P-
value

8–18 hrs. 4 (16) 5 (20)

19–24 hrs. 0 1 (4)

>24 hrs. 0 2 (8)

Unknown 1 (4) 5 (20)

Estimated time from bleed
onset to presentation

0.26

<6 hrs. 18 (72) 17 (68)

7–12 hrs. 1 (4) 4 (16)

8–18 hrs. 2 (12) 0

19–24 hrs. 1 (4) 2 (8)

>24 hrs. 1 (4) 2 (8)

Unknown 1 (4) 0

Median (IQR) GCS 14 (12–15) 14 (13–15) 0.40

Door to CT time (median
([IQR]), hrs.

0.45
(0.22–1.22)

0.53
(0.26–1.16)

0.89

Estimated time from
bleed onset to CT*, (median
[IQR]), hrs.

4.5
(3.2–6.9)

2.5
(1.1–7.2)

0.25

Door to needle time, median
(IQR), hrs.

1.8
(1.4–3.0)

1.7
(1.5–2.6)

0.99

Outcomes

Thrombotic event inpatient 3 (12) 2 (8) 1.00

Hemostatic efficacy 0.50

Excellent 20 (80) 15 (60)

Good 2 (8) 3 (12)

Poor 3 (12) 6 (24)

Unknown 0 1 (4)

Grouped hemostatic
efficiency

0.29

Excellent/Good 22 (88) 18 (76)

Fair/Poor 3 (12) 6 (24)

Rebleed 0 1 (4) 1.00

Survival (to hospital
discharge)

23 (92) 19 (76) 0.25

Interventions

Endotracheal intubation 2 (8) 11 (44) 0.10

Craniotomy 0 8 (32) 0.11

External ventricular drain 0 3 (12) 0.24

Diagnostic angiography 1 (4) 0

Angiographic repair 0 1(4)

*Estimated time from bleed onset to CT imaging was calculated by
adding the median of the estimated time interval from bleed onset to
presentation to the time from door to CT imaging.
ICH, intracerebral; IQR, interquartile range; CT, computed
tomography.

Table 3. Andexanet alfa v. 4F-PCC in patients with gastrointestinal
bleeding. Results are presented as numbers (%) unless otherwise
specified.

Andexanet
alfa (n= 25)

4F-PCC
(n= 25)

P-
value

Gender 1.00

Female 9 (36) 10 (40)

Male 16 (64) 15 (60)

Mean (SD) age, years 72 (11) 78 (9) 0.049

Ethnicity 0.22

Non-Hispanic 23 (92) 24 (96)

Hispanic 2 (8) 0

Unknown 0 1 (4)

Race 0.39

White 21 (84) 23 (92)

Black 0 1 (4)

Asian 2 (8) 0

Native Hawaiian/Pacific
Islander

1 (4) 0

Unknown 1 (4) 1 (4)

AIM65 criteria

Albumin< 3 g/dL 10 (48) 10 (42) 0.77

INR> 1.5 10 (43) 9 (39) 1.00

Altered mental status 6 (24) 4 (17) 0.73

SBP< 90 mm Hg 9 (36) 7 (29) 0.76

Age> 65 years 19 (76) 23 (92) 0.25

Median (IQR) AIMS65 score 2 (1–2) 2 (2–2) 0.90

Comorbidities

None 2 (8) 1 (4) 1.00

Hypertension 16 (64) 18 (72) 0.76

Diabetes mellitus 7 (28) 7 (28) 1.00

Liver disease 0 2 (8) 0.49

Chronic kidney disease 6 (24) 5 (20) 1.00

Alcohol abuse 2 (8) 3 (12) 1.00

Prior bleed 5 (20) 8 (32) 0.52

Prior stroke 4 (16) 5 (20) 1.00

Indications for anticoagulation

Atrial fibrillation 15 (60) 20 (80) 0.22

Deep vein thrombosis 6 (24) 7 (28) 1.00

Pulmonary embolism 5 (20) 4 (16) 1.00

Other 2 (8) 0 0.49

Estimated time from last dose
of apixaban/rivaroxaban to
treatment

<0.001

<6 hrs. 4 (16) 9 (36)

7–12 hrs. 1 (4) 6 (24)

8–18 hrs. 3 (12) 7 (28)

(Continued on next page)
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were fairly well balanced for the variables that were
measured. Median (IQR) initial AIMS65 scores in patients
treated with andexanet alfa and 4F-PCC were 2 (1–2) and
2 (2–2), respectively. Most patient in both groups had
hypertension or diabetes.

The percentages of patients presenting within 6 or 12
hours of bleeding onset among those treated with andexanet
alfa were 40% and 0%, while the percentages of patients
presentingwithin 6 or 12 hours of bleedingwere 52% and 8%,
respectively, among patients treated with 4F-PCC. The time
from bleeding onset to presentation was greater than

24 hours or unknown in 16%and 32% in patients treatedwith
andexanet alfa and 12% and 8% in patients treated with
4F-PCC, respectively. The time of the last dose of Fxa-I was
12 hours or less in 20% and 60% in patients treated with
andexanet alfa and 4F-PCC, respectively. Median [IQR]
times from arrival to ED to administration of the treatment
drug were also relatively short and comparable in patients
treatedwith andexanet alfa and 4F-PCC (3.6 [2.2–16.0] vs 3.3
[1.3–7.0], respectively).

Hemostatic efficacywas excellent in 64% and 44%of those
treated with andexanet alfa and 4F-PCC, respectively (P =
0.40). Survival to hospital discharge among those treated
with andexanet alfa and 4F-PCC were 76% and 88%,
respectively (P = 0.46). The rate of thrombotic events among
patients treated with andexanet alfa and 4F-PCC were 8% in
each group. Of the six thrombotic events that occurred in-
hospital, four were in patients treated with andexanet alfa
(two DVTs, and two other) and two were in patients treated
with 4F-PCC (two ischemic strokes).

Thrombotic Events
There were 15 cases with recorded thrombotic events

(Tables 4 and 5). Of these, 11 cases had in-hospital
thrombotic events, three had thrombotic events at 30 days,
and one event occurred between 30-90 days of index bleed.Of
all thrombotic events, seven occurred in patients treated with
andexanet alfa and eight occurred in patients treated with
4F-PCC. Of the 15 patients who had a thrombotic event 10
patients were restarted on anticoagulation prior to the

Table 3. Continued.

Andexanet
alfa (n= 25)

4F-PCC
(n= 25)

P-
value

19–24 hrs. 1 (4) 1 (4)

Unknown 16 (64) 2 (8)

Estimated time from bleed
onset to presentation

0.10

<6 hrs. 10 (40) 13 (52)

7–12 hrs. 0 2 (8)

8–18 hrs. 0 3 (12)

19–24 hrs. 3 (12) 2 (8)

>24 hrs. 4 (16) 3 (12)

Unknown 6 (32) 2 (8)

Door to needle time, median
(IQR)

3.6
(2.2–16.0)

3.3
(1.3–7.0)

0.22

Outcomes

Thrombotic event
in-hospital

4 (16) 2 (8) 0.67

Hemostatic efficacy 0.40

Excellent 16 (64) 11 (44)

Good 4 (16) 7 (28)

Poor 5 (20) 6 (24)

Unknown 0 1 (4)

Grouped hemostatic efficiency 0.74

Excellent/Good 20 (80) 18 (76)

Fair/Poor 5 (20) 6 (24)

Rebleed in-hospital 5 (20) 1 (4) 0.09

Survival (to hospital
discharge)

19 (76) 22 (88) 0.46

Interventions

Mean (SD) units PRBC
over 24 hours

1.6 (1.8) 2.2 (1.6) 0.26

Endoscopy 14 (56) 21 (84) 0.06

Interventional radiology 1 (4) 2 (8) 1.00

Surgery 2 (8) 1 (4) 1.00

INR, International normalized ratio; SBP, systolic blood pressure;
IQR, interquartile range; PRBC, packed red blood cells.

Table 4.Outcomes by treatment when bleeding types are combined.
Numbers (percent).

Andexanet alfa
(n= 50)

4F-PCC
(n= 50) P-value

Hemostatic efficacy 0.26

Excellent 36 (72) 26 (52)

Good 6 (12) 10 (20)

Poor 8 (16) 12 (24)

Grouped hemostatic
efficiency

0.32

Excellent/good 42 (84) 36 (72)

Fair/poor 8 (16) 12 (24)

Rebleeding events in
hospital

5 (10) 2 (4) 0.26

Survival to hospital
discharge

42 (84) 41 (82) 1.00

In-hospital thrombotic
events

7 (14) 4 (8) 0.53

Total thrombotic events
through day 90

7 (14) 8 (16) 0.80
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thrombotic event. A breakdown of thrombotic events by site
of bleeding and therapy is presented in Table 5.

Propensity Score Matched Model
Outcomes in patients treated with andexanet alfa and 4F-

PCCwhen all study patients were compared regardless of site
of bleeding are summarized in Table 4. There were no
statistically significant differences in any of the study
outcomes between the two treatment groups. Using all cases
combined (98, excludes two missing hemostatic efficacy) and
for the endpoint of hemostatic efficacy, categorized into
excellent/good and poor, a propensity score was determined
using age, gender, comorbidities, time from last dose, time
from bleeding onset, and indication for anticoagulation.
Inclusion of the propensity score and treatment in a logistic
regression model resulted in an odds ratio (OR) in favor of
andexanet alfa of 2.01 (95% confidence interval CI,
0.67–6.06) for the endpoint of excellent/good
hemostatic efficacy.

Additional Exploratory Analyses for Hemostatic Efficacy
For the 49 ICH cases (onewithmissing data excluded) and

for the outcome of hemostatic efficacy, categorized into
excellent/good and poor, a propensity score was determined
using age, hematoma volume categorized into <30 vs ≥30
milliliters, GCS score categorized into<13 vs≥13, time from
last dose of FXa-I, and onset to CT time. Two cases were
excluded (both 4F-PCC) because one did not have an initial
CT time and one had initial CT time prior to hospital
presentation. Inclusion of the propensity score and treatment
in a logistic regression model resulted in an OR of andexanet
alfa to 4F-PCC of 3.30 (95% CI 0.59–18.52) in predicting
excellent/good hemostatic efficacy.

For 49 GIB cases (one with missing data excluded) and
for the outcome of hemostatic efficacy, categorized into
excellent/good and poor, a propensity score was determined
using age, time from last FXa-I dose, time of bleed onset,

and AIMS65 categorized into <2 vs ≥2. Inclusion of the
propensity score and treatment in a logistic regression model
resulted in an OR of andexanet alfa to 4F-PCC of
1.67 (95% CI 0.29–9.71) in predicting excellent/good
hemostatic efficacy.

DISCUSSION
Our multicenter study demonstrates that a comparative

study of patients with ICH and GIB treated with andexanet
alfa or 4F-PCC can be adequately conducted by collecting
and analyzing data routinely available in the EHR
retrospectively. We were able to acquire information on
many important factors affecting outcomes, including
several that had been consistently missing from previous
studies.18 For example, documentation of estimated ranges
of time from last FXa-I does were present in 80–96% of
patients with ICH and in 68%–92% of patients with GIB.
These results suggest that a reliable study evaluating real-life
practice in patients undergoing FXa-I reversal with
andexanet alfa or 4F-PCC after ICH or GIB should be
feasible in a much larger cohort of patients in centers like
those included in the study.

Current literature on reversal strategies for FXa-I has
major limitations. There have been only non-randomized
cohort studies evaluating andexanet alfa and 4F-PCC.24–26

Most of these studies have been single-arm, single-center,
or both.6,7,11,12,16,27–35 Some use historical rather than
contemporary controls, or at best indirectly compared two
independent datasets trying to account for major baseline
differences by using a suboptimal PSM.13 Other studies used
propensity score treatment weighting rather than PSM and
were able to account for bleed size/volume, which was not
captured in the ORANGE indirect comparison.36,37 None
has included all pertinent variables to sufficiently reduce the
risk of confounding bias.18 Even ANNEXA-4,10,23 a
prospective study that served to support the FDA approval
of andexanet alfa for reversal of anticoagulation with FXa-I
in patients with life-threatening bleeding, had a single arm
and failed to control for crucial factors, such as time from
ICH onset to first head CT— a key variable because the risk
of hematoma expansion is much greater in patients
presenting early after ICH onset.38 Other pertinent variables
often missed in most previous studies include time between
ICH onset and hospital presentation, time between last dose
of FXa-I and hospital presentation, precise hematoma
volume and location, measures of severity of GIB,
concomitant administration of antiplatelet agents, detailed
accounting of comorbidities, restrictions in the level of
medical care, and functional outcomes.18 Up-to-date assays
to measure level of anticoagulation in patients treated with
FXa-I are not commercially available. In the absence of
information on the intensity of anticoagulation, time
variables (eg, time from last dose of anticoagulant) become
key surrogates in a controlled analysis of hemostatic efficacy.

Table 5. Summary of thrombotic events.

Bleed
site

In-hospital
event 30 days 90 days

Andexanet
alfa

ICH 3 (1 DVT,
1 stroke, 1 PE)

0 0

GIB 4 (2 DVT,
2 other*)

0 0

4F-PCC ICH 2 (2 DVT) 1 (DVT) 1 (DVT)

GIB 2 (2 strokes) 2 (2 DVT)

*Acute left lower extremity arterial thrombosis with ischemia (n= 1);
bowel infarction and splenic infarcts (n= 1).
ICH, intracerebral hemorrhage; DVT, deep vein thrombosis; PE,
pulmonary embolism; GIB, gastrointestinal bleeding.
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One of the major advantages of RCTs is that the act of
randomization reduces the chance of between-group bias due
to imbalances in measured and unmeasured confounding
variables. Thus, any claims regarding the relative efficacy
and safety of andexanet alfa vs 4F- PCC in patients with
FXa-I bleeds will only be resolved with the completion of a
RCT comparing these treatments head to head. That said, in
the meantime real-world data can be useful if the
studies adjust as much as possible for potential
confounding variables.

Our four-center study was designed to determine the
feasibility of collecting all relevant information from the
EHR of multiple centers. Due to the small sample size,
adjustment of covariates in a multivariate analysis was
limited, and no definitive conclusions can be made regarding
the relative efficacy and safety of andexanet alfa and
4F-PCC. Our exploratory analysis including PSM models
suggested better hemostatic efficacy with andexanet alfa for
both indications, ICH and GIB. However, these results were
very imprecise (as indicated by the wide 95%CIs) and should
therefore be interpreted with great caution.

The strength of our study resides in the granularity of the
data collection. Among patients with ICH, we were able to
obtain information on time between last dose of FXa-I and
symptomonset and the intervals between symptomonset and
hospital presentation and first head CT. While exact times
were not consistently documented (in fact, this information is
often not known with precision in daily practice), estimated
time ranges were available in nearly all patients. Clinical
severity assessed by the GCS score and the use of
concomitant antiplatelet agents were routinely available.
Intracerebral hematoma volumes were also available since
all patients with ICH had initial head CTs as well as repeat
CTs within 6–24 hours, allowing precise calculation of
hematoma volume and hematoma expansion. For patients
with GIB, we were able to adjust for illness severity using the
AIMS65 risk assessment score. The hemostatic efficacy in
patients with GIB is typically determined by the need for
blood transfusions and their effect on hemoglobin and
hematocrit over the course of the first 12 hours. However,
bleeding cessation often requires advanced interventions,
such as endoscopic hemostasis or embolization by
interventional radiology. Data on these advanced
interventions are also important to report; however, many
prior studies did not report on these interventions.

Of note, the mortality in the subgroup of patients with
GIB in this study was considerably higher than previously
reported,39 suggesting that patients with GIB while taking
FXa-I are a particularly high-risk group and require
immediate and aggressive therapy. Existing risk prediction
scores, such as the AIMS65,40 do not account for ongoing
use of FXa-I, yet this factor must be considered in the
management patients withGIB.Due to the lack ofRCTs and
the small number of reported studies evaluating use of

andexanet alfa for acute GIB the American College
of Gastroenterology and the Canadian Association of
Gastroenterology recommend against the use of andexanet
alfa for reversing life-threatening gastrointestinal bleeds.35

More data is needed to identify the ideal patient and reversal
agent for FXa-I-associated GIB.

LIMITATIONS
This study has various limitations in addition to the small

size of the four groups examined. Selection bias may have
affected our findings, and the direction of this bias is difficult
to infer from our data. In institutions where both andexanet
alfa and 4-PCC are available, the treated groups become
selectively different and so is their prognosis. For example,
because of stricter criteria for the use of andexanet alfa the
use of 4-PCC may be relegated to patients with worse bleeds
and less favorable chances of recovery. On the other hand,
andexanet alfa could have been preferentially used in
patients deemed to be at higher risk of hematoma
expansion. Thus, confounding by indication cannot be
excluded. Studying a much larger cohort with adequate
adjustment for covariates might be able to account for
these issues.

Also, functional outcomes after discharge were available
in only some of the participating centers. Information on
thrombotic events was consistently available in the hospital
but not after discharge. One of the participating centers did
not have availability of andexanet alfa and consequently the
other three centers had to contribute more cases treated with
this agent. This may have introduced additional bias to our
study. Identification of thrombotic events and deaths that
occurred after hospital discharge may have been
underestimated since some patients may have followed up at
hospital sites other than the index hospital.

Due to the nature of the study being a feasibility pilot, data
abstraction was performed by investigators who were not
blinded to therapy. This may have introduced observer bias
that may have affected the exploratory results. While overall
documentation of important confounding variables at the
four study sites was good to excellent, it is possible that other
sites may have had less (or more) documentation of these
variables. In this study we chose the AIMS65 score to control
for gastrointestinal bleeding severity. We acknowledge that
the AIMS65 has not been validated in lower GIB and may
not be the best index of severity even in upper GIB. In
addition, since the median AIMS65 score was relatively low
in both study groups, our results may not be generalizable to
more severe gastrointestinal bleeds.

Another limitation of our study is that it included mostly
White patients and may not be as representative of other
racial minority groups. While none of the patients received
more than one dose of andexanet alfa, some of the patients
received a second dose of 4F-PCC. However, it is unclear
why a second dose was given. Finally, we have no
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information regarding compliance with FXa-I after
discharge from the hospital, which may contribute to a high
rate of thrombotic events.

CONCLUSION
This feasibility study indicates that careful collection of

information routinely available in the electronic health
records of academic and community hospitals permits the
development of adjustmentmodels incorporatingmost of the
factors that can influence the prognosis of patients with
intracranial hemorrhage and gastrointestinal bleeds and
confound the interpretation of the therapeutic effects of
anticoagulation reversal with andexanet alfa or replacement
with 4F-PCC. Until more definitive data from randomized
controlled trials becomes available, a much larger study with
more participating centers may produce comparative real-
life experience that can help determine whether the treatment
selected for reversal of FXa-I (ie, andexanet alfa vs 4F-PCC)
has an impact on patient-centered outcomes in daily practice.
Furthermore, our data has additional benefit since it reflects
clinical practice where patients are not necessarily treated as
in well controlled trials.
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Introduction: Childhood obesity is a serious concern in the United States, with over one third of the
pediatric population classified as obese. Abdominal pain is one of the most common chief complaints
among pediatric emergency department (ED) visits. We hypothesized that overweight and obese
children being evaluated in the ED for abdominal pain would have higher resource utilization than their
normal and underweight peers.

Methods: This was a retrospective review of pediatric patients<18 years who presented with abdominal
pain to the ED of a tertiary care center from January 1, 2014–September 3, 2020. Patients were excluded
if they did not have both a height and weight recorded. We categorized patients as underweight (body
mass index [BMI] <5th percentile); normal weight (BMI 5th to <85th percentile), overweight (BMI 85th to
<95th percentile); or obese (BMI ≥95th percentile). Descriptive statistics were used to examine the study
population. We used chi-square tests to examine the differences in patient characteristics between
normal/underweight patients and overweight/obese patients. The Kruskal-Wallis test was completed for
examining differences in the medians. We used multivariable logistic regression to examine visit
characteristics associated with overweight/obese patients, including ED interventions, testing, and
length of stay (LOS).

Results:Of the 184 subjects included in the analysis, nine (4.9%) were underweight, 108 (58.7%) were
normal weight, 21 (11.4%) were overweight, and 46 (25.0%) were obese. Patients with a BMI of ≥85th

percentile were older (median 15 vs 13 years, P= 0.01). They were otherwise similar in demographics.
There was no significant difference between normal/underweight and overweight/obese subjects in
disposition (37% vs 43% discharge, P= 0.38), 72-hour return (7% vs 6%, P= 0.82), ED LOS (median
4.42 vs 3.95 hours, P= 0.195), or inpatient LOS (median 42.0 vs 34.2 hours, P= 0.06). There were no
statistically significant differences in total number of ED tests or interventions received by overweight/
obese patients compared to normal/underweight patients, and each subject received a median of six
tests (interquartile range [IQR] 4–7) and two interventions (IQR 1–3).

Conclusion: Among pediatric patients presenting to the ED with abdominal pain, we found that patient
characteristics and ED resource utilization (including testing, intervention, disposition, and LOS) did not
differ significantly across BMI categories. [West J Emerg Med. 2023;24(5)950–955.]

INTRODUCTION
Childhood obesity is a serious concern in the United

States, with over one third of the pediatric population

classified as overweight/obese.1,2 A body mass index
(BMI) elevated above normal has been associated with
numerous illnesses in childhood and higher healthcare
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utilization/expenditures, including increased outpatient
visits, prescription drug use, and emergency department
(ED) visits, as well as a higher likelihood of hospital
admission.3,4 In addition, overweight and obese children
are more likely than their normal-weight peers to receive
their routine medical care in an ED rather than a primary
care setting.5

Abdominal pain is a common chief complaint among
pediatric EDvisits.6 Patients with an elevatedBMIhave been
found to have higher rates of functional gastrointestinal (GI)
disorders including constipation, gastroesophageal reflux
disease, irritable bowel syndrome, encopresis, and functional
pain.7,8 Obese pediatric patients also have higher rates of
persistent pain with functional GI disorders, and higher rates
of overall pain reporting in the outpatient setting.9,10 Obesity
may also limit the accuracy of a physical exam and is a
comorbidity that may contribute to missed or delayed
diagnosis.11,12 In addition, in children who present to the
ED with appendicitis, there is increased likelihood of
non-diagnostic ultrasound and need for further imaging
in obese children.13,14

We hypothesized that overweight and obese children
being evaluated in the ED for abdominal pain would have
higher resource utilization than their normal and
underweight peers. To date, no study to our knowledge
has examined these factors in the pediatric abdominal
pain population.

METHODS
This was a retrospective review of pediatric patients seen

in the ED at a midwestern academic center with a
freestanding tertiary children’s hospital, with an annual
pediatric ED census of approximately 15,000 patients. This
was an institutional review board-approved study. We
abstracted data from the electronic health record (EHR) for
ED visits between September 1, 2014–September 3, 2020.
Patients were included who were <18 years of age and
presented to the ED with a chief complaint of abdominal
pain. Because both height and weight are required to
calculate BMI, we excluded patients if they did not have a
recent height recorded in the EHR. Once patients were
identified using this simple criterion, a single physician
completed templated chart abstraction and recorded
objective demographic and visit-level data directly into a
secure RedCap database hosted at University of Iowa.1,2

REDCap (Research Electronic Data Capture) is a secure,
web-based software platform designed to support data
capture for research studies. A second blinded abstractor
randomly reviewed 10% of charts to ensure interrater
reliability; there were no discrepancies.

Pediatric BMI cutoffs are defined using a BMI-for-age
percentile; therefore, we calculated BMI as a percentile using
the US Centers for Disease Control and Prevention age-
based calculator.15 Patients were categorized as underweight

(BMI <5th percentile); normal weight (BMI 5th to <85th

percentile); overweight (BMI 85th to <95th percentile), or
obese (BMI ≥95th percentile). We defined ED interventions
as pediatric gastroenterology consult, pediatric surgery
consult, or administration of antiemetic, intravenous fluids,
or painmedications, andwe definedED testing as bloodwork
(basic metabolic panel, liver function test, lipase, complete
blood count, C-reactive protein, erythrocyte sedimentation
rate), enteric panel, urinalysis or urine culture, abdominal
radiograph, abdominal ultrasound, or other advanced
imaging (computed tomography abdomen or magnetic
resonance imaging abdomen).

Descriptive statistics were used to examine the study
population, and we used chi-square tests to examine the
differences in patient characteristics between normal/
underweight patients (BMI<85th percentile) and overweight/
obese patients (BMI ≥85th percentile), with P < 0.05
considered statistically significant. The Kruskal-Wallis test
was completed for examining differences in the medians. We
used multivariable logistic regression to examine visit
characteristics associated with overweight/obese patients,
controlling for age. All statistical analyses were performed
using Statistical Analysis Software version 9.3 (SAS Institute
Inc, Cary, NC).

RESULTS
We included a total of 184 patient encounters in the

analysis. Of the 184 subjects, nine (4.9%) were underweight
(BMI<5th percentile), 108 (58.7%)were normal weight (BMI
5th to <85th percentile); 21 (11.4%) were overweight (BMI
85th to <95th percentile); and 46 (25.0%) were obese (BMI
≥95th percentile). Demographic characteristics of the study
population are shown in Table 1. Patients with a BMI of
≥85th percentile were older (median 15 years vs 13 years,
P = 0.01) but were otherwise similar in demographics
including gender, race, and triage level.

Table 2 shows visit characteristics including ED
interventions and testing, with adjusted odds of these after
controlling for age. Overall, 112 patients (61%) were
admitted to inpatient from the ED, and 12 patients (7%)
returned to the ED within 72 hours. There was no significant
difference between normal/underweight and overweight/
obese subjects in disposition (37 vs 43% discharge from the
ED, P = 0.38) or 72-hour return rates (7 vs 6%, P = 0.82).
The overall median ED LOS was 4.09 hours (IQR
3.08–5.53), with no significant difference between normal/
underweight and overweight/obese subjects (median 4.42 vs
3.95 hrs, P = 0.20). Among the 112 patients who were
admitted, the median inpatient LOS was 37.7 hrs (20.9–76.7
hrs), with no significant difference between normal/
underweight and overweight/obese subjects (median 42.0 vs
34.2 hrs, P = 0.06).

There was no statistically significant difference in total
numbers of ED tests or interventions received by overweight/

Volume 24, No. 5: September 2023 Western Journal of Emergency Medicine951

Theiler et al. Influence of BMI on Pediatric Abdominal Pain



obese patients compared to normal/underweight patients.
Each subject received amedian of six ED tests (IQR 4–7) and
two ED interventions (IQR 1–3). There was no difference in
the number of ED interventions (P = 0.20) or ED tests
(P = 0.618) by BMI group. On bivariate analysis,
overweight/obese subjects were less likely than normal/
underweight subjects to have an abdominal radiograph
(22 vs 38%, P = 0.03) and less likely to have a pediatric
surgery consult (33 vs 49%, P = 0.04); however, after
controlling for age, this finding was not found to be
statistically significant for either abdominal radiograph
(aOR 0.51, 95% confidence interval [CI] 0.26–1.03) or
pediatric surgery consult (aOR 0.58, 95% CI 0.31–1.11).
There were no significant differences in the rate of other
individual tests or interventions between the two groups.

DISCUSSION
Our results did not show a significant difference in ED

resource use (testing or intervention) or LOS for overweight/
obese pediatric patients presenting to the EDwith abdominal
pain compared to normal/underweight patients. We
analyzed 184 pediatric patients presenting to the ED with a
chief complaint of abdominal pain. Of these, 4.9% were
underweight, 58.7% normal weight, 11.4% overweight, and
25.0% were obese. Patients with a BMI of ≥85th percentile
were older (median 15 years vs 13 years, P = 0.01) but
otherwise similar in demographics.

There was no significant difference between normal/
underweight and overweight/obese subjects in disposition
(37 vs 43% discharge from the ED, P = 0.38);
72-hour return (7 vs 6%, P = 0.82), ED LOS (median

Table 1. Characteristics of study population.

Variable Level N
Overall
N= 184

BMI <85%
percentilen= 117

BMI ≥85%
percentilen= 67 P-Value Metrics

Age (years) 184 13.64
(9.63, 16.44)

13.02
(8.5, 15.87)

15.08
(11.67, 16.7)

0.01 Median
(Q1, Q3)

13–18 184 103 (55.98%) 59 (50.43%) 44 (65.67%) 0.13 N (%)

2–6 27 (14.67%) 19 (16.24%) 8 (11.94%) N (%)

7–12 54 (29.35%) 39 (33.33%) 15 (22.39%) N (%)

BMI 184 73 (39, 94.5) 47 (26, 72) 96 (94, 99) <.001 Median
(Q1, Q3)

Height (cm) 184 157.5 (134, 167.6) 152.4 (130, 165.1) 161.3 (149.9,
167.6)

0.02 Median
(Q1, Q3)

Weight (kg) 184 52.55 (30.1,
70.25)

46.7 (25, 56.4) 75.3 (59.5, 93.2) <.001 Median
(Q1, Q3)

Gender Female 184 109 (59.24%) 68 (58.12%) 41 (61.19%) 0.68 N (%)

Male 75 (40.76%) 49 (41.88%) 26 (38.81%) N (%)

Race Asian 184 4 (2.17%) 3 (2.56%) 1 (1.49%) 0.31 N (%)

Black or African Am 16 (8.70%) 7 (5.98%) 9 (13.43%) N (%)

Missing 22 (11.96%) 13 (11.11%) 9 (13.43%) N (%)

White 142 (77.17%) 94 (80.34%) 48 (71.64%) N (%)

Mode of transfer Air ambulance 63 2 (3.17%) 1 (2.44%) 1 (4.55%) 0.89 N (%)

Ground ambulance 50 (79.37%) 33 (80.49%) 17 (77.27%) N (%)

Private vehicle 11 (17.46%) 7 (17.07%) 4 (18.18%) N (%)

Mode of arrival Ambulance 183 6 (3.28%) 3 (2.59%) 3 (4.48%) 0.76 N (%)

Private vehicle/Public
transportation

114 (62.30%) 72 (62.07%) 42 (62.69%) N (%)

Transfer from another
facility

63 (34.43%) 41 (35.34%) 22 (32.84%) N (%)

Triage level Emergent 184 28 (15.22%) 20 (17.09%) 8 (11.94%) 0.35 N (%)

Non-urgent 2 (1.09%) 2 (1.71%) 0 (0.00%) N (%)

Urgent 154 (83.70%) 95 (81.20%) 59 (88.06%) N (%)

BMI, body mass index; cm, centimeter; kg, kilogram; Am, American.
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4.42 vs 3.95 hrs, P = 0.20), or inpatient LOS (median 42.0 vs
34.2 hrs, P = 0.06). There was no statistically significant
difference in total number of ED tests or interventions
received by overweight/obese patients compared to normal/
underweight patients.

The lack of statistical differences in ED resource use and
LOS across BMI groups in our population was surprising, as
our hypothesis—pediatric patients with elevated BMI who
present to the ED with abdominal pain would have higher
resource utilization—was based on prior studies

Table 2. Visit characteristics.

Variable Level
Overall
N= 184

BMI <85%
percentile
n= 117

BMI ≥85%
percentile
n= 67 P-Value aOR (95% CI)1

Disposition Admit 112 (60.87%) 74 (63.25%) 38 (56.72%) 0.38 1.02 (0.52, 1.97)

DC to home 72 (39.13%) 43 (36.75%) 29 (43.28%) 1.00 (ref)

72-hour return N 172 (93.48%) 109 (93.16%) 63 (94.03%) 0.82 1.00 (ref)

Y 12 (6.52%) 8 (6.84%) 4 (5.97%) 0.91 (0.26, 3.21)

ED LOS (hrs) 4.09 (3.08, 5.53) 4.42 (3.33, 5.57) 3.95 (2.58, 5.2) 0.20 −0.45 (−1.17, 0.28)2

Inpt LOS (hrs) 37.7 (20.9, 76.7) 42.0 (26.7, 88.2) 34.2 (18.9, 44.1) 0.06 −7.2 (−23.6, 9.2)2

Intervention – Antiemetics Y 88 (47.83%) 59 (50.43%) 29 (43.28%) 0.35 0.77 (0.42, 1.42)

N 96 (52.17%) 58 (49.57%) 38 (56.72%) 1.00 (ref)

Intervention – Ped GI Y 12 (6.52%) 7 (5.98%) 5 (7.46%) 0.70 1.39 (0.41, 4.70)

N 172 (93.48%) 110 (94.02%) 62 (92.54%) 1.00 (ref)

Intervention – Ped surgery Y 79 (42.93%) 57 (48.72%) 22 (32.84%) 0.04 0.58 (0.31–1.11)

N 105 (57.07%) 60 (51.28%) 45 (67.16%) 1.00 (ref)

Intervention – IV fluids Y 128 (69.57%) 84 (71.79%) 44 (65.67%) 0.39 0.90 (0.46, 1.75)

N 56 (30.43%) 33 (28.21%) 23 (34.33%) 1.00 (ref)

Intervention – Pain meds Y 59 (32.07%) 37 (31.62%) 22 (32.84%) 0.87 1.04 (0.54, 2.01)

N 125 (67.93%) 80 (68.38%) 45 (67.16%) 1.00 (ref)

Any bloodwork N 18 (9.78%) 15 (12.82%) 3 (4.48%) 0.07 1.00 (ref)

Y 166 (90.22%) 102 (87.18%) 64 (95.52%) 3.48 (0.95, 12.7)

Enteric panel Y 16 (8.70%) 8 (6.84%) 8 (11.94%) 0.24 2.17 (0.75, 6.27)

N 168 (91.30%) 109 (93.16%) 59 (88.06%) 1.00 (ref)

Urinalysis/Urine culture Y 143 (77.72%) 90 (76.92%) 53 (79.10%) 0.73 0.95 (0.45, 2.02)

N 41 (22.28%) 27 (23.08%) 14 (20.90%) 1.00 (ref)

Abdominal radiograph Y 60 (32.61%) 45 (38.46%) 15 (22.39%) 0.03 0.51 (0.26, 1.03)

N 124 (67.39%) 72 (61.54%) 52 (77.61%) 1.00 (ref)

Any abdominal ultrasound N 96 (52.17%) 64 (54.70%) 32 (47.76%) 0.37 1.00 (ref)

Y 88 (47.83%) 53 (45.30%) 35 (52.24%) 1.44 (0.78, 2.66)

Any advanced imaging N 131 (71.20%) 82 (70.09%) 49 (73.13%) 0.66 1.00 (ref)

Y 53 (28.80%) 35 (29.91%) 18 (26.87%) 0.95 (0.48, 1.88)

Any lab N 6 (3.26%) 5 (4.27%) 1 (1.49%) 0.31 1.00 (ref)

Y 178 (96.74%) 112 (95.73%) 66 (98.51%) 2.27 (0.25, 20.5)

Any imaging N 46 (25.00%) 24 (20.51%) 22 (32.84%) 0.06 1.00 (ref)

Y 138 (75.00%) 93 (79.49%) 45 (67.16%) 0.53 (0.26, 1.05)

Number of ED interventions 2 (1, 3) 2 (1, 3) 2 (1, 3) 0.20 0.00 (−0.54, 0.54)2

Number of ED tests 6 (4, 7) 6 (4, 7) 6 (5, 7) 0.62 0.00 (−0.45, 0.45)2

1Adjusted for age of patient as a continuous variable.
2The median difference for those with a BMI in the ≥85% percentile vs the <85% percentile.
BMI, body mass index; aOR, adjusted odds ratio;DC, discharge; ED, emergency department; LOS, length of stay; Inpt, inpatient; hrs, hours;
Ped, pediatric; GI, gastroenterology; IV, intravenous.
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demonstrating higher ED utilization and higher rates of
functional abdominal pain in overweight and obese pediatric
patients.3–5,7–9 This lack of statistical difference between
BMI groups in regard to ED resource use for abdominal pain
could potentially be explained by the general tendency to
very closely evaluate and observe all pediatric abdominal
pain in the ED, particularly when considering the higher
rates of atypical presentations of acute appendicitis or
missed diagnoses in the younger population.16 Interestingly,
our findings demonstrating lack of difference in ED
resource utilization across BMI groups in the pediatric
abdominal pain population parallel the findings of similar
adult studies.11,17

LIMITATIONS
Wewere able to analyze only subjects whose BMI could be

calculated (both height and weight recorded in the EHR).
Unfortunately, height is not routinely obtained in the ED,
and in this retrospective review we likely missed a large
number of patients due to no height being recorded, resulting
in a limited sample size. Notably, we did find that the
majority of patients with height andweight recorded also had
a primary care physician (PCP) at the same tertiary care
institution where the study took place. It could be
hypothesized that the “missed population” (patients who did
not have a height recorded in the EHR) may have
represented a larger proportion of patients who either resided
in a more rural area with a PCP outside the tertiary system’s
EHR, or who did not have a PCP at all. In a sub-sample of
pediatric patients with abdominal pain identified during the
study time, those with height and weight recorded in the
EHR were older than those who did not have height and
weight recorded in the EHR, suggesting that the “missed
population” may have had additional characteristics that
differed from the study population. Future prospective
studies could be aimed at obtaining a height andweight on all
patients to eliminate this selection bias.

CONCLUSION
We found that the ED evaluation of pediatric patients

with a chief complaint of abdominal pain did not differ
significantly based on body mass index in regard to resource
utilization, including testing, intervention, and length of stay.
Further research is warranted to assess whether this finding is
replicated outside a pediatric tertiary care center, in the
general pediatric population.
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Background: Acute appendicitis (AA) is the most common abdominal surgical emergency in children
and adolescents. In the year immediately following the declaration of the coronavirus disease 2019
(COVID-19) pandemic by the World Health Organization (WHO), there was a precipitous decline in
emergency department (ED) visits especially for surgical conditions and infectious diseases. Fear of
exposure to severe acute respiratory coronavirus 2 infection resulted in delay in presentation and time to
surgery, and a shift toward more conservative management.

Objective: Our goal was to compare the incidence and severity of AA before and during the
COVID-19 pandemic.

Methods: Patients aged 2–18 years admitted with the diagnosis of AA to Flushing Hospital Medical
Center or Jamaica Hospital Medical Center in Queens, New York, were selected for chart review. Data
extracted from electronic health records included demographics, clinical findings, imaging studies, and
operative and pathological findings. We calculated the Alvarado score (AS) for incidence and the
American Association for the Surgery of Trauma (AAST) grade for severity. We compared patients
admitted between March 1, 2018–February 29, 2020 (pre-pandemic) to patients admitted between
March 1, 2020–February 28, 2021 (pandemic). We then compared pre-pandemic and pandemic groups
to determine differences in pediatric AA incidence and severity.

Results: Of 239 patients diagnosedwith AA, 184 (77%)were in the pre-pandemic group and 55 (23%) in
the pandemic group. Incidence (number per year) of AA declined by 40%. The pandemic group had
significantly greater overall AS of ≥7, indicating increased likelihood to require surgery, (P= 0.04) and
higher AAST grade demonstrating increased severity (P= 0.02).

Conclusion: There was a decline in the number of AA cases seen in our pediatric EDs and admitted
during the first year of the pandemic. Clinicians need to be aware of increased severity of AA at time of
presentation during public health emergencies such as a pandemic, possibly due to modified patient
behavior. [West J Emerg Med. 2023;24(5)956–961.]
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INTRODUCTION
In March 2020 the first case of coronavirus disease 2019

(COVID-19) was identified in New York City (NYC), and
the borough of Queens became the epicenter within days.
Following the World Health Organization (WHO)
declaration of a global pandemic, practices to reduce the
spread of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) included closing all nonessential businesses
and schools, use of personal protective equipment, social
distancing, and density reduction.1 Routine pediatric and
emergency department (ED) visits during the pandemic
declined precipitously.2 Acute appendicitis (AA), the most
common abdominal surgical emergency in pediatrics, was
impacted. There is a paucity of data on pediatric ED visits in
urban teaching community hospitals and on whether the
trends affected presentation or progression of AA in this type
of setting. We compared the Alvarado score (AS) for
incidence and the American Association for the
Surgery of Trauma (AAST) grade for severity in patients
with AA before and during the first year of the
COVID-19 pandemic.

METHODS
The institutional review boards of Flushing Hospital

Medical Center (FHMC) and Jamaica Hospital Medical
Center (JHMC) approved the study. We analyzed charts of
patients meeting inclusion criteria who were seen and
admitted with AA to either FHMC or JHMC. Data
extracted from electronic health records included

demographics, clinical presentation, imaging studies, and
operative and pathological criteria to determine the AS and
AAST grade. Demographics included age, gender, and
ethnicity. The AS uses a 10-point clinical scoring system to
identify AA based on criteria such as migration of pain,
anorexia, nausea, tenderness in right lower quadrant,
rebound, fever, leukocytosis and left shift of leukocytosis.
Right lower quadrant pain and leukocytosis are assigned
two points and the remaining six criteria assigned one point
each. A patient with a score of 1–6 is least likely to require
surgery while a patient with a score of 7–10 is more likely to
require surgery.3 The AAST grade includes whether the
appendix is inflamed, gangrenous, or perforated. The grade
ranges from I to V, with grade I the least severe and grade V
the most severe.4 Patients diagnosed with AAwere grouped
according to time period, between March 1,
2018–February 29, 2020 as the pre-pandemic group and
between March 1, 2020–February 28, 2021 as the
pandemic group.

We included patients aged 2–18 years whowere diagnosed
with AA between March 1, 2018–February 28, 2021
(Figure 1). Data were collected in adherence to the
methodological standards proposed for medical record
review studies by Worster et al.5 We used AS to determine
incidence3 and AAST to determine severity.4 We analyzed
the data using SPSS version 22 software (SPSS Inc, Chicago,
IL). Independent sample t-tests, chi-square tests and Fisher
exact tests were used for between-group analyses; P < 0.05
was considered significant.

Figure 1. Flowchart of patients reviewed before and during COVID-19 pandemic.
AA, acute appendicitis; AS, Alvarado score; AAST, American Association for the Surgery of Trauma grade.
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RESULTS
Demographics

We reviewed 239 patient charts. There were 184 (77%)
patients in the pre-pandemic group and 55 (23%) in the
pandemic group. The average number of patients per year in
the two years preceding the pandemic was 92 (38% per year)
compared to 55 (23%) in the first pandemic year, a decline of
40%. Themean age of patients in our study groupwas 10.2±
3.9 years.Male genderwas predominant (60%). Themajority
of our patients were of Hispanic or Asian ethnicity, reflective

of our Queens community. Mean age, gender, and ethnicity
were similar for pre-pandemic and pandemic groups.

Alvarado Score
In both the pre-pandemic and pandemic groups, tenderness

in the right lower quadrant was the primary clinical finding,
and leukocytosis with left shift was the most frequent
laboratoryfinding.AnASof 7–10wasmore likely in patients in
the pandemic group. Pre-pandemic AS compared to pandemic
AS was significant (OR 2.13, 95% CI 1.03–4.41; P = 0.04).

Table 1. Alvarado score and American Association for the Surgery of Trauma grade before and during the COVID-19 pandemic.

Variables

Pre-pandemic
n= 184

(24-months)
n (%)

Pandemic
n= 55

(12-months)
n (%) P-value

Demographics

Age (years) mean (SD) 10.21 (3.9) 10.2 (3.9) 0.85

Gender 0.84

Male 111 (60.3) 34 (61.8)

Female 73 (39.7) 21 (38.2)

Ethnicity

Caucasian 6 (3.3) 1 (1.8) 0.58

Hispanic 134 (72.8) 45 (81.8) 0.18

African American 6 (3.3) 3 (5.5) 0.45

Asian 36 (19.6) 6 (10.9) 0.14

Other 2 (1.1) 0 (0) 0.67

Alvarado score

Migration of pain 84 (48.3) 34 (64.2) 0.04*

Anorexia 72 (52.9) 32 (69.6) 0.05*

Nausea 142 (78.9) 42 (80.8) 0.77

Tenderness in right lower quadrant 179 (97.8) 55 (100) 0.27

Rebound pain 44 (27.7) 17 (38.6) 0.16

Left shift 178 (96.7) 54 (98.2) 0.58

Fever 77 (41.8) 29 (52.7) 0.15

Leukocytosis 159 (86.4) 51 (92.7) 0.41

Total Alvarado score 0.04*

1–6 64 (34.8) 11 (20.0)

7–10 120 (65.2) 44 (80.0)

American Association for the Surgery of Trauma (AAST) grade

I: Acute inflamed appendix intact 81 (58.3) 14 (38.9) 0.37

II: Gangrenous appendicitis intact 18 (12.9) 10 (27.8) 0.31

III: Perforated appendix with local contamination 22 (15.8) 2 (5.6) 1.00

IV: Perforated appendix with phlegmon or abscess 12 (8.6) 6 (16.7) 1.00

V: Perforated appendix with generalized peritonitis 6 (4.3) 4 (11.1) 1.00

Total AAST grade 0.02*

*P< 0.05 was significant.
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Ultrasound of the Appendix
We obtained an imaging study in 53% of patients in the

pre-pandemic group and in 47% of patients in the pandemic
group, P = 0.39.

American Association for the Surgery of Trauma Grade
The AAST was applied to those with AS 7–10 and to an

additional 19 patients with AS<7 and surgical data (total of
139 in the pre-pandemic group, 36 in the pandemic group).
In the pandemic group, eight patients (15%) were
transferred to a tertiary care center. Themajority of patients
in the pre-pandemic group had grade I, and the least
number of patients were categorized with grade V. Most of
the patients in the pandemic group had grade I and grade II
severity and the least had grade III and grade IV severity.
Chi-square analysis revealed a significant difference in the
AAST severity grade distributions between pre-pandemic
and pandemic groups (OR 0.36, 95% CI 0.1–1.35,
P = 0.02) (Table 1). Only three patients tested positive
for SARS-CoV-2.

DISCUSSION
Acute appendicitis is the most common abdominal

surgical emergency in pediatrics and generally occurs
frequently in males 10–19 years in age.6,7 The typical
presentation includes periumbilical pain that migrates to the
right lower quadrant of the abdomen associated with fever
between 37.2–38.0° Celsius, nausea, loss of appetite, and
diarrhea. Since these symptoms mimic other conditions,
diagnosis of AA can be challenging. The AS assists in the
diagnosis of AA, and visualization of the appendix on
ultrasound is confirmatory. Delay in diagnosis can result in
rupture of the appendix.6 Early surgical intervention is
associated with lower risk of perforation. However, there are
ongoing studies investigating whether appendectomy can be
delayed by 12-24 hours and the role of non-operative
management with the use of antibiotics as an effective
treatment alternative.7 An AS of ≥7 is more likely to require
surgery.3 The AAST anatomic grading system for
appendicitis is a validated tool to assess severity. A higher
AAST grade is associated with most severe cases and higher
complication rates.4 We used the AS to determine incidence
and the AAST grade to determine severity. Each patient was
assigned to the highest group for analysis.

The WHO declared the COVID-19 pandemic in March
2020 as the virus spread worldwide.8 Measures to mitigate
the spread of the virus modified the behavior of patients and
the delivery of healthcare.9 The fear of exposure resulted in
decline in pediatric routine and ED visits.1,2,10 Emergency
departments were overwhelmedwith COVID-19 cases, while
the remainder of the hospital and medical staff was
reorganized to care for those who were admitted. Elective
surgeries were canceled, and non-urgent surgeries were
delayed.11 Studies have reported the possible effect of the

COVID-19 pandemic on presentation, management, and
outcomes on appendicitis.12–16 A small percentage (5%) of
our patients with AA tested positive for SARS-CoV-2,
despite a reported possibility of AA as a post-inflammatory
complication of SARS-CoV-2 infection.17,18

In our study, the median age and gender of our patients
were concordant with known epidemiology of AA. The
number of patients in each ethnic group is reflective of our
community. The mean number of patients with AA per year
pre-pandemic compared to pandemic declined by 40%,
similar to findings by the US Centers for Diseases Control
and Prevention.19 For each clinical criterion on the AS, pre-
pandemic and pandemic groups were not significantly
different. The percentage of ultrasound of the appendix
performedwas lower in the pandemic group andwas also not
significantly different. However, the higher number of
patients with AS ≥7 in the pandemic group was significant.
All our patients with AS 1–6 were managed with antibiotics.
In both groups, only 66% of patients had complete surgical
and pathological data. The percentage of grades I and
II was higher in the pre-pandemic group, and the
percentage of grades IV and V was higher in the pandemic
group. The higher AAST grade was significant in the
pandemic group.

Other studies regarding incidence and severity of AA
during the COVID-19 pandemic were variable. In one study,
a lower incidence and a higher complication rate in adults
with AA were observed in a multicenter study in the
Netherlands during the same period studied by us.20 Lucero
et al reported a reduction in ED visits in both children and
adults across our country.2 We concur with a decline in ED
visits for AA. Studies related to severity of AA in children
were all retrospective and based on patients with delayed
presentation and increased incidence of
complications.13,15,21,22 We did not correlate delayed
presentation with severity. Incidence of complications was
assessed using ASST grade. Gerall et al reported in a small
sample of 48 patients in the pandemic group with delayed
presentation and increased severity based on clinical
presentation and radiological imaging of perforation and
intra-abdominal abscess.23 We did see an increase in
perforation with abscess (grade IV) in our pandemic group
compared to the study from Italy by La Pergola et al in which
the pandemic group had overall decreased hospital
admission and unchanged number of complicated
appendectomies as an indication of severity,24 and to the
study from Lithuania by Vansevičienė et al when a surgical
delay of four hours was not associated with increased
complications.25 Not all studies confirmed delay in
presentation or demonstrated increased severity of AA
during the pandemic.13,26 There may be unmeasurable
factors contributing to the changes seen during the peak of
the pandemic affecting the behavior and relationship of our
patients and healthcare systems.
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LIMITATIONS
This was a retrospective study conducted in two

community, non-profit, teaching hospitals. We focused on
the first year of the pandemic in NYC when the COVID-19
vaccine was limited for the age group studied and after
worldwide spread. Change in medical coverage and parental
health literacy were not taken into consideration when
evaluating patient behavior.We did not include data on time
from ED to operating room, outcomes, or follow-up after
hospital discharge.

CONCLUSION
In our sample from two urban community hospitals, there

was a decline in the number of AA visits in our pediatric EDs.
The severity of acute appendicitis in children and adolescents
who presented to the EDwas heightened during the COVID-
19 pandemic. Clinicians need to be aware of increased
severity when evaluating AA and possible increased risk of
complications during a public health emergency. The
increasing use of telemedicine to screen patients and of social
media to obtain health information by patients fueled by the
COVID-19 pandemic may contribute to the changing
presentation of many conditions, including AA.
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Introduction:Diabetes screening traditionally occurs in primary care settings, but many who are at high
risk face barriers to accessing care and therefore delays in diagnosis and treatment. These same high-
risk patients do frequently visit emergency departments (ED) and, therefore,might benefit from screening
at that time. Our objective in this study was to analyze one year of results from a multisite, ED-based
diabetes screening program.

Methods:We assessed the demographics of patients screened, identified differences in rates of newly
diagnosed diabetes by clinical site, and the geographic distribution of high and low hemoglobin A1c
(HbA1c) results.

Results: We performed diabetes screening (HbA1c) among 4,211 ED patients 40–70 years old, with a
bodymass index≥25, and no prior history of diabetes. Of these patients screened for diabetes, 9%had a
HbA1c result consistent with undiagnosed diabetes, and nearly half of these patients had a HbA1c
≥9.0%.Rates of newly diagnoseddiabeteswere notably higher at EDs located in neighborhoods of lower
socioeconomic status.

Conclusion:Emergency department-based diabetes screeningmay be a practical and scalable solution
to screen high-risk patients and reduce health disparities experienced in specific neighborhoods and
demographic groups. [West J Emerg Med. 2023;24(5)962–966.]

INTRODUCTION
Among the 35 million Americans with diabetes, nearly

one in four are unaware of their condition.1 Diabetes
screening traditionally occurs in primary care settings, but
many people at high risk of diabetes face substantial barriers
when accessing healthcare.2,3 Therefore, diagnosis is delayed
among those most likely to develop diabetes at an early age,
and there is greater risk of diabetes-related morbidity and

mortality that would otherwise have been preventable.4,5

Many high-risk patients, however, do have frequent
interactions with the healthcare system. Patients with
socioeconomic burdens and time constraints are more likely
to visit emergency departments (ED) for care.6–8

In June 2019, we began an ED initiative to test
hemoglobin A1c (HbA1c) for patients without a history of
diabetes who met US Preventive Services Task Force
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(USPSTF) guidelines for screening. Our goal in this study
was to evaluate one year of results from this screening
program to assess program efficacy and the demographics of
ED patients with newly diagnosed diabetes. We aimed to
examine whether ED-based diabetes screening can be
scalable and effective in helping address disparities in the
diagnosis of new diabetes and identifying patients who need
linkage to outpatient care for management.

METHODS
Study Design

We performed a retrospective chart review of patients
screened for diabetes from February 2021–January 2022
with a HbA1c test at four EDs in New York City. The
primary outcome of interest was the percentage of patients
with an elevated HbA1c. We analyzed the demographic
characteristics of screened patients, differences by clinical
site, and the geographic distribution of results among
patients screened.

Study Population
Patients screened included anyone already receiving blood

work for their clinical care who met USPSTF guidelines for
diabetes screening. At the time of the study, those guidelines
recommended screening for adults 40–70 years old with a
body mass index (BMI) ≥25. Eligible patients were
automatically identified through the electronic health record
(EHR) as not having a history of diabetes (based on problem
list, auto-populated via the shared health record system Care
Everywhere [Care Everywhere LLC, Natick, MA] or by
patient-provided past medical history at ED triage), and as
not having a HbA1c test in the previous six months. The
HbA1c tests were offered at no charge, and patients were
given the opportunity to decline the test, although data on
those declined was not tracked.

Statistical Analysis
We performed a descriptive analysis of screened patients

during the study period, for both the overall study population
and by clinical site. We analyzed BMI categorically:
overweight (BMI 25.0–29.9); obese (30.0–39.9); and
morbidly obese (≥ 40). The HbA1c result was categorized as
normal (<5.7%), prediabetes (5.7%–6.4%), diabetes
(6.5%–8.9%), and poorly controlled diabetes (≥9.0%). To
identify statistically significant differences in patient
characteristics among hospitals, we used ANOVA
for continuous variables and chi-squared tests for
categorical variables.

We conducted a geospatial analysis to determine whether
high and low HbA1c values were concentrated in specific
geographic areas. To do this, we performed a Getis-Ord Gi*
hotspot analysis on HbA1c values, a commonly used
approach to identify significant spatial clustering of high and

low values for a given variable.9,10 We used the K-nearest
neighbors to model spatial proximity.

Statistical analyses were performed using Stata 16.1 (Stata
Corp, College Station, TX). Geographic analysis was
performed using ArcGIS Pro 2.8.3 (ESRI; Redlands, CA).
This study was approved by the institutional review board at
New York University School of Medicine.

RESULTS
Study Population

We screened 4,211 ED patients 40–70 years old, with BMI
≥25 and no prior history of diabetes (Table 1). Of the patients
screened, 58% were minorities; the proportion of each race/
ethnicity differed among the four sites. Demographic
differences at each site generally reflected the local
populations living near those EDs. Of the patients screened,
16% reported that English was not their primary language.
By insurance type, 55% of patients screened had private/
commercial insurance, 15% were insured by Medicare, 25%
byMedicaid, and 5%were self-pay or uninsured. Thirty-four
percent of patients screened at NYU Brooklyn were insured
by Medicaid, much higher than the proportion at the other
EDs. In terms of BMI, 43% were obese, 10% were morbidly
obese, and the remainder were overweight, given the BMI
screening cutoff of 25.

Primary Outcome
Eighteen percent of screened ED patients had a HbA1c

result consistent with prediabetes, and 9% hadHbA1c results
consistent with undiagnosed diabetes. Notably, almost half
of ED patients with a new diagnosis of diabetes had aHbA1c
≥9.0%, consistent with poorly controlled diabetes.
Comparing the proportion of patients newly diagnosed with
diabetes at each of the four EDs, rates were notably higher at
NYUBrooklyn (16%) andNYUCobbleHill (9%) compared
to NYU-Tisch Hospital in Manhattan (6%) and NYU Long
Island (6%) (P-value< 0.01).

Geospatial Analysis of HbA1c Results
In a geospatial analysis, we identified statistically

significant clustering of high and low HbA1c values in the
New York City area (Figure 1). Sensitivity analyses for the
number of nearest neighbors demonstrated a generally
similar geographic location of these hot and cold spots,
which suggests that these findings were robust (not affected
by changing the number of nearest neighbors specified).11

DISCUSSION
Our study reviewed one year of data from an ED-based

diabetes screening program and found a high rate of
previously undiagnosed diabetes among ED patients
meeting USPSTF criteria to be screened. Many of these
patients had poorly controlled diabetes (HbA1c of >9.0%).
While EDs are not designed to provide long-term
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management of chronic diseases, rates of undiagnosed
diabetes are known to be two times higher among patients
with poor access to primary care.12 Patients diagnosed with
diabetes through preventive screening are diagnosed much
earlier, and have lower mortality, when compared to patients
diagnosed with diabetes due to clinical symptoms.13,14 The
ED provides a setting for diabetes screening where new cases
could be diagnosed that might otherwise go undetected,
especially among high-risk patients with poor access to
primary care. Previously published efforts to screen ED
patients for diabetes have demonstrated even higher rates
of undiagnosed diabetes, which may be due to the
screening criteria used or the patient populations in those
health systems.15–19

Our study also found higher rates of undiagnosed diabetes
in our EDs that are located primarily in neighborhoods of
lower socioeconomic status, including those with a high
proportion of patients for whom English is not the primary
language. Leveraging the ED to promote diabetes screening
has the potential to reduce racial and ethnic disparities in
diabetes burden, especially among patients who may face
language barriers. Limiting preventive screening to the
primary care setting risks the perpetuation of poor health
outcomes for those patients who face barriers to healthcare
access. If the primary concern is that these newly diagnosed
ED patients may not follow up for appropriate outpatient
care, then efforts should focus on how to improve care
coordination from the ED to the primary care setting.

Table 1. Characteristics of emergency department patients screened for diabetes and hemoglobin A1c results.

Population
characteristics All hospitals

NYU-Tisch Hospital
Manhattan

NYU
Brooklyn

NYU Cobble
Hill

NYU Long
Island

P-value for
differences

Patients 4,311 1,092 1,079 589 1,551

Age (median) 54 55 53 51 55 < 0.01

Gender

Female 2,155 (50%) 513 (47%) 496 (46%) 330 (56%) 807 (52%) < 0.01

Male 2,156 (50%) 579 (53%) 583 (54%) 259 (44%) 744 (48%)

Race/ethnicity

White 1,811 (42%) 491 (45%) 345 (32%) 194 (33%) 776 (50%) < 0.01

Black 905 (21%) 229 (21%) 129 (12%) 224 (38%) 310 (20%)

Hispanic 1,121 (26%) 218 (20%) 464 (43%) 112 (19%) 357 (23%)

Asian 129 (3%) 33 (3%) 32 (3%) 12 (2%) 47 (3%)

Other 345 (8%) 120 (11%) 108 (10%) 47 (8%) 62 (4%)

Language

English 3,621 (84%) 1,005 (92%) 712 (66%) 565 (96%) 1,334 (86%) < 0.01

Spanish 517 (12%) 44 (4%) 281 (26%) 18 (3%) 186 (12%)

Other 172 (4%) 44 (4%) 86 (8%) 6 (1%) 62 (2%)

Insurance

Private 2,371 (55%) 612 (56%) 432 (40%) 342 (58%) 977 (63%) < 0.01

Medicare 733 (17%) 229 (21%) 183 (17%) 88 (15%) 248 (16%)

Medicaid 1,035 (24%) 240 (22%) 367 (34%) 141 (24%) 295 (19%)

Self-pay 172 (4%) 22 (2%) 97 (9%) 18 (3%) 31 (2%)

BMI

Overweight 2,026 (47%) 557 (51%) 529 (49%) 253 (43%) 698 (45%) < 0.01

Obese 1,854 (43%) 437 (40%) 453 (42%) 253 (43% 713 (46%)

Morbidly obese 431 (10%) 98 (9%) 97 (9%) 82 (14%) 140 (9%)

HbA1c result

≥ 9.0% 172 (4%) 22 (2%) 97 (9%) 24 (4%) 31 (2%) < 0.01

6.5% to 8.9% 216 (5%) 44 (4%) 76 (7%) 29 (5%) 62 (4%)

5.7% to 6.4% 776 (18%) 164 (15%) 183 (17%) 88 (15%) 326 (21%)

< 5.7% 3,147 (73%) 863 (79%) 723 (67%) 448 (76%) 1,132 (73%)

BMI, body mass index; HbA1c, hemoglobin A1c.
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Our study demonstrates that the highest yield of this
diabetes screening was in EDs seeing a high proportion of
patients of lower socioeconomic status. In a multivariable
analysis controlling for age, gender, race/ethnicity, language,
and insurance type, we found male gender, all non-White
race/ethnicities, other language, and self-pay insurance status
were statistically significant predictors of previously
undiagnosed diabetes. In addition, the location of hot and
cold spots of HbA1c values correlated well with prior studies
of the geographic distribution of poor glycemic control
among diabetes patients in New York City.20 Promoting
diabetes screening in EDs that serve high-risk patient
populations can help identify undiagnosed cases of diabetes
in these neighborhoods, which may be a critical step in
addressing poor health outcomes experienced in these
geographic areas.

LIMITATIONS
Our study has several limitations. First, ED patients

receiving bloodwork are likely to have some differences from
patients not receiving bloodwork; these findings may not be
generalizable to every ED patient. Additionally, our study
was in one metro area, and while our findings do fit well with
existing diabetes literature for the New York City area, it is
possible that other geographic areas will have different
patient types visiting the ED and, therefore, may have
different amounts of undiagnosed diabetes than found in our
study. It is also possible that patients identified as newly
diagnosed in our study did have a previous diagnosis

elsewhere, which they did not disclose during their ED visit
and was not available in our EHR data. Finally, there may
have been other confounders (eg, dietary behaviors) that are
highly correlated with the factors analyzed in our study,
which may be an unmeasured predictor of undiagnosed
diabetes and may be a limitation of relying only on
EHR data.

CONCLUSION
We found a high percentage of screened patients in the ED

with undiagnosed diabetes.We further found that the burden
of undiagnosed diabetes in the ED is concentrated in certain
geographic areas, corroborating known socioeconomic
elements to undiagnosed diabetes. This suggests that
ED-based diabetes screening can be a scalable solution for
addressing disparities in the burden of diabetes and
identifying patients who need linkage to outpatient care.
Further work can focus on improved screening criteria
specific to the ED population to improve yield and
follow-on systems development for further care of newly
diagnosed patients.
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Introduction:Despite the wide availability of clinical decision rules for imaging of the cervical spine after
a traumatic injury (eg, NEXUSC-spine rule andCanadianC-spine rule), there is significant overutilization
of computed tomography (CT) imaging in patients who are deemed to be at low risk for a clinically
significant cervical spine injury by these clinical decision rules. The purpose of this study was to identify
the major factors associated with the overuse of CT cervical spine imaging using a logistic
regression model.

Methods: This was a retrospective review of all adult patients who underwent CT cervical spine imaging
for evaluation of a traumatic injury at a tertiary academic emergency department (ED) and three affiliate
community EDs in January and February 2019.Weperformedmultivariable logistic regression to identify
factors associatedwith obtaining CT cervical spine imaging despite low-risk classification by the NEXUS
C-spine Rule.

Results: A total of 1,051 patients underwent CT cervical spine imaging for traumatic indications during
the study period, and 889 patients were included in the analysis. Of these patients, 376 (42.3%) were
negative by the NEXUS C-spine rule. Variables that were associated with increased likelihood of
unnecessary imaging included age over 65, Emergency Severity Index (ESI) score 2 and 3, arrival as a
walk-in, and anticoagulation status. Patients who presented to the tertiary academic ED had a
significantly lower likelihood of unnecessary imaging. Twenty-one patients (2.4%) were found to have
cervical spine fractures on imaging, two of whom were negative by the NEXUS C-spine rule, but neither
had a clinically significant fracture.

Conclusion: Cervical spine imaging is vastly overused in patients presenting to the ED with traumatic
injuries, as adjudicated using the NEXUS C-spine rule as a reference standard. Older age, ESI level,
arrival as a walk-in, and taking anticoagulation drugs were associated with overutilization of CT imaging.
Conversely, presenting to the tertiary academic EDwas associated with a lower likelihood of undergoing
unnecessary imaging. This model can guide future interventions to optimize ED CT utilization and
minimize unnecessary testing. [West J Emerg Med. 2023;24(5)967–973.]

INTRODUCTION
Evaluation of potential cervical spine injury is a common

reason for presentation to the emergency department (ED).
Annually, more than 2.5 million patients in theUnited States
seek care at an ED for evaluation of a potential injury to the

cervical spine.1 It has been previously estimated that 3–10%
of these patients may have clinically significant cervical spine
injuries.2–5 In recent decades, the volume of radiographic
imaging performed in EDs has increased exponentially,
particularly computed tomography (CT).6,7 This dramatic
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increase in imaging studies presents numerous potential
negative implications, including increased healthcare costs,
risks of radiation, longer lengths of stay, more incidental
findings, and inefficiencies in ED throughput.8–10 Therefore,
it is a valuable objective tomoderate the use of imaging in the
ED to avoid unnecessary imaging.

Clinical decision rules have gained traction in emergency
medicine to assist with decision-making, and several clinical
decision rules have been well-studied and validated to
determine the need for imaging of the cervical spine after a
traumatic injury. The most used decision rules are the
NEXUS C-spine rule and the Canadian C-spine rule.11,12

TheNEXUSC-spine rule establishes criteria that can be used
to risk-stratify patients and thereby identify patients who are
at low risk for a clinically significant cervical spine injury and
for whom cervical spine imaging is thus unnecessary.

Although these clinical decision rules are widely available,
utilization of these rules is variable. Prior literature has
demonstrated that approximately 25% of CT C-spine studies
were performed on patients who did not meet NEXUS
criteria for imaging.13–16 To date it is not well understood
why the high rate of CT C-spine overutilization persists
despite validated decision rules having been in place and
broadly communicated for the last two decades.
Understanding factors contributing to the overuse of CT
C-spine may inform targeted strategies to increase decision-
rule adherence and thereby reduce unnecessary imaging
studies. Our objective in this study was to identify the major
factors associated with the overutilization of CT cervical
spine imaging, as adjudicated by the NEXUSC-spine rule as
a reference standard, using a logistic regression model.

METHODS
This was a multicenter, retrospective review of all adult

patients who underwent CT cervical spine imaging for
evaluation of blunt traumatic spinal injury. We obtained
data on patients who presented to an urban, tertiary
academic ED (approximately 77,000 annual patient
encounters) and three affiliate community EDs (ranging
from approximately 13,000–43,000 annual patient
encounters) in January and February 2019. Exclusion
criteria included patients <18 years of age, and CT
indications that were nontraumatic, penetrating trauma, or
unspecified. This study was granted an institutional review
board exemption.

We extracted data from the electronic health record on all
patients who underwent CT of the cervical spine in the ED
during the pre-specified period. In addition to the
demographic data obtained, each chart was manually
reviewed by a single reviewer for the presence of each of the
five NEXUS criteria: focal neurological deficit; midline
cervical spine tenderness; distracting injury; intoxication; or
altered mental status. During initial chart review, we also
collected data on the Canadian criteria. However, there was

inadequate data to proceed with analysis of the Canadian
C-spine rule because of insufficient clinical documentation of
low-risk factors and range of motion of the neck. Due to the
demands of chart review and the number of cases, we selected
a two-month study period for feasibility.

We defined the NEXUS criteria as follows: 1) focal
neurological deficit—any acute abnormality of the motor or
sensory exam that was not attributed to pain; 2) midline
tenderness—bony or midline tenderness of the neck or
cervical spine; 3) distracting injuries—fractures of the
humerus, radius, ulna, femur, tibia, fibula, or sternum,
multiple rib fractures, or any other injury that was
documented as “distracting”; 4) intoxication—clinical
signs of intoxication on exam, history of recent alcohol
intake, or a detectable serum ethanol level; and 5) altered
mental status—Glasgow Coma Score between 3–14 as
documented by the physician or nurse, or documentation
that the patient was disoriented, confused, nonverbal, or
unresponsive. Each of these criteria has high clinical
relevance that warrants documentation in the health record;
therefore, NEXUS criteria that were not documented
were presumed to be absent. Patients who were negative for
all five criteria were deemed at low risk for a clinically
significant cervical spine injury by NEXUS criteria. We
classified the CT cervical spine studies as “overutilization” if

Population Health Research Capsule

What do we already know about this issue?
CT of the cervical spine is frequently
performed on patients who are low risk for a
clinically significant injury by well-validated
criteria like the NEXUS C-spine rule.

What was the research question?
We sought to identify factors that are
associated with overutilization of CT
cervical spine.

What was the major finding of the study?
Variables associated with overuse include age
> 65, lower Emergency Severity Index score,
arrival not by EMS, anticoagulation, and
non-university academic site.

How does this improve population health?
These variables may guide future
interventions to reduce overuse of CT cervical
spine, resulting in improved ED efficiency,
reduction in radiation exposure, and lower
healthcare costs.
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they were ordered on patients who were at low risk by
NEXUS criteria.

We performed multivariable logistic regression to identify
factors associated with obtaining CT cervical spine imaging
despite low-risk classification by the NEXUS C-spine rule.
The following variables were included in the regression
analysis: age; gender, mechanism of injury; ED site;
Emergency Severity Index (ESI) score; arrival time of day;
arrival day of week; means of arrival; anticoagulation status;
concurrent head CT; trauma activation level (ie, 1, 2, 3, or
none); physician level of training (ie, resident or attending);
and ordering attending. There were no missing or imputed
values. Trauma activation level, ESI 1, physician level of
training, and ordering attending were removed due to
significant multicollinearity (over 70%) with ED site.
Variable statistical significance was denoted by a P-value
of less than 0.05. We performed all analyses using R
version 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
During the two-month study period, 1,051 CTs of the

cervical spinewere performed across all sites, and 889met the
inclusion criteria. Baseline characteristics of the study
population are shown in Table 1. Of the scans that met
inclusion criteria, 376 (42.3%) did not meet any of the
NEXUS criteria. Notably, of the 376 CTs that were
performed on NEXUS-negative patients, 373 (99.2%) were
negative for any acute fracture. Two images were positive for

clinically insignificant transverse process fractures that did
not require intervention. One was nondiagnostic due to
motion artifact, and this patient did not subsequently require
further imaging, intervention, or management. None of the
patients in the NEXUS-negative group were identified to
have a clinically significant cervical spine fracture. In the
NEXUS-positive group, 19/513 CTs (3.7%) were positive for
fracture, and five were indeterminate for fracture. All five
patients with indeterminate initial imaging underwent
follow-up imaging with MRI or repeat CT. Four had no
injury on follow-up imaging, and one was found to have
a clinically significant fracture. These results are shown
in Figure 1.

Table 1. Population baseline characteristics for adult patients who
presented to four emergency departments for evaluation of potential
cervical spine traumatic injury.

Variable n %

Age

18–44 175 19.7

45–64 207 23.3

65–84 300 33.7

≥85 207 23.3

Gender

Male 438 49.3

Female 451 50.7

Mechanism of injury

Fall 660 74.2

MVC 154 17.3

Assault 20 2.2

Seizure 17 1.9

Pedestrian struck 10 1.1

Other 28 3.1

(Continued on next column)

Table 1. Continued.

Variable n %

Site of arrival

Academic ED 585 65.8

Community ED #1 95 10.7

Community ED #2 172 19.3

Community ED #3 36 4.0

Emergency Severity Index score

1 52 5.8

2 294 22.1

3 431 48.5

4 105 11.8

5 1 0.1

Trauma activation level

1 24 2.7

2 169 19.0

3 17 1.9

None 679 76.4

Means of arrival

Emergency medical services 728 81.9

Walk-in 161 18.1

Anticoagulation

Yes 135 15.2

No 748 84.1

Concurrent CT head

Yes 775 87.2

No 114 12.8

Role of ordering clinician

Resident 480 54.0

Attending 404 45.4

Advanced practice practitioner 4 0.4

MVC, motor vehicle collision; ED, emergency department; CT,
computed tomography.
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The regression analysis output is shown in Table 2.
Variables associated with increased likelihood of
unnecessary imaging include age 65–84 (P < 0.001); age
≥85 years (P < 0.001); arrival by walk-in (P < 0.001); ESI 2
(P < 0.01); ESI 3 (P < 0.001); and anticoagulation use
(P < 0.05). Patients who presented to the tertiary academic
ED had a significantly lower likelihood of unnecessary
imaging (P < 0.01).

DISCUSSION
Our investigation identified multiple factors associated

with overutilization of CT C-spine imaging. In addition, our
study confirmed prior reports related to C-spine evaluation,
redemonstrating the sensitivity of the NEXUS C-spine rule
and the significant overutilization of cervical spine imaging.
This study expands the very limited published literature on
CT overutilization in the ED setting. It is the first multicenter
investigation to evaluate CT C-spine overutilization and the

first to study the topic in community EDs. These novel
findings have potential implications for future efforts to
reduce unnecessary CT imaging of the cervical spine.

The outcomes for NEXUS-negative patients in this study
align with prior data validating the sensitivity of the NEXUS
C-spine rule for identifying cervical spine fractures. None of
the patients in the NEXUS-negative cohort were found to
have a clinically significant cervical spine injury. Despite this
sensitivity within our own patient population, nearly half of
all cervical spine CTs were ordered despite the patient’s
status as NEXUS negative.

Our regression analysis demonstrated that patient age was
strongly associated with overutilization, with geriatric
patients more likely to undergo CT imaging despite being
NEXUS-negative. There are several factors that may be
driving this association. Some physicians may be influenced
in their practice by the Canadian C-spine rule, which
recommends imaging for patients >65 years in age. Some

Table 2. The output of the logistic regression analysis shows that the variables significantly associated with overutilization of computed
tomography C-spine include ED site, age, means of arrival, ESI score, and anticoagulation status.

Variable Odds ratio P-value CI 2.5% CI 97.5%

Academic ED 0.56 <0.05 0.39 0.79

Age 65–84 3.40 <0.001 1.93 6.09

Age 85+ 3.63 <0.001 1.98 6.78

Walk-in arrival 2.61 <0.001 1.69 4.06

ESI 2 4.08 <0.01 1.70 11.46

ESI 3 5.35 <0.001 2.23 15.09

On anticoagulation 1.55 <0.05 1.01 2.40

ED, emergency department; ESI, Emergency Severity Index; CI, confidence interval.

Figure 1.Of the 1,051 computed tomography C-spine studies performed in the study period, 889 met inclusion criteria. Forty-two percent of
the studies were performed on NEXUS-negative patients, and none of the NEXUS-negative patients were found to have a clinically
significant cervical spine injury.
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clinicians may also be less judicious with imaging in geriatric
patients, particularly because of a perceived higher
likelihood of injury and lower long-term risk of radiation
among older adults. Nonetheless, our results reinforce that
age should not influence CT decision-making; none of the
NEXUS-negative patients in our study population, including
the patients whowere over 65, were found to have a clinically
significant fracture. Future efforts to reduce CT
overutilization should emphasize that although radiation
may be less of a concern in the elderly population, we did not
find any additional risk based on age alone, and there are
other significant negative ramifications of overutilization
including cost, ED throughput, and incidental findings.

In contrast to age, concurrent CT head was surprisingly
not associated with overutilization of CT C-spine. We
hypothesize that some physicians may order a CT of the
cervical spine on a NEXUS-negative patient if the patient is
already going to be undergoing a CT head, and the clinician
may not perceive much additional risk to ordering a
concurrent CT C-spine. However, in this population, this
variable was not significant, likely due to collinearity (though
under the 70% threshold) between ordering of CT head and
CT C-spine. The vast majority of the patients in this study
underwent a concurrent CT head, and there was not a
statistically significant difference between the NEXUS-
positive and NEXUS-negative cohorts.

Means of arrival was also noted to be a significant variable
in this model, with an increased likelihood of overutilization
in patients who arrived as walk-ins. This is likely related to
patient self-sorting of arrival modality.We hypothesized that
patients who walk into the ED are categorically less likely to
have a significant injury. Furthermore, walk-in patients are
less likely to meet certain NEXUS criteria, such as having a
distracting injury or a neurological deficit, which typically
warrant EMS transport. Thus, it is likely that fewer CTs
are ordered on walk-in patients, which may be driving
this phenomenon, although a definitive explanation
remains unclear.

Patients who were on anticoagulants were more likely to
receive unnecessary CT imaging of the cervical spine. Our
study was not designed to explore the underlying drivers of
this behavior or to infer causality. It is possible that patients
on anticoagulation were more likely to undergo CT head,
even with relatively minor mechanisms of injury, and
clinicians reflexively ordered a concurrent CT C-spine, as it
has been established that a common practice pattern in our
study population involves concurrent ordering of CT head
and CT C-spine. However, further research would be needed
to explore this hypothesis.

Additionally, ESI scores of 2 and 3 were also associated
with overutilization. This finding was of unclear significance,
but it may offer potential targets for future interventions to
reduce CT overutilization. The ED site of presentation was
significantly associated with overutilization in this study. At

the academic tertiary care ED, there was significantly less
overutilization compared to the community EDs. It is
hypothesized that academic faculty and residents may be
more likely to follow evidence-based guidelines than
physicians practicing at community sites; however, there is
notably significant overlap in the clinicians who practice at
each of the sites in this study. This could also be a result of
patient self-selection similar to mode of arrival discussed
above. Further investigation is warranted with regard to our
observations of overutilization in the academic center vs
community sites because if this is a generalized phenomenon,
it may better inform strategies to reduce CT overutilization
on a national level. Furthermore, to date, findings related to
resource utilization on teaching vs non-teaching settings have
shown either equivalence or overuse in the academic
setting.17–20 Our results appear to refute this trend, at least
for CT C-spine utilization, for reasons that remain unclear.

The associations identified in this study can be used to
inform strategies to improve dissemination and adoption of
the NEXUS C-spine rule and, thus, reduce unnecessary CT
imaging. A reduction in overutilization of CT imaging may
reduce healthcare costs, minimize unnecessary radiation to
patients, and improve ED throughput. At a minimum,
emphasis on clinician education regarding sensitivity of
NEXUS in elderly patients may be needed. It may also be
prudent to focus educational strategies at community
practice sites, which demonstrated higher rates of
overutilization in our study. Additionally, this information
could be used in audit and feedback strategies to include not
just utilization rates but age ranges and rates of identifying
significant injuries.

LIMITATIONS
Foremost, our investigation was not designed to

determine causality but rather only association. Therefore,
while many of the variables used in this regression were
correlated with overutilization of CT imaging, we were
unable to prove a causative relationship for these factors.
Furthermore, while our investigation did include four EDs
that differed in size and patient populations, they were
staffed by members of a single academic department of
emergency medicine, limiting generalizability.

This study was also limited by the documentation that was
available upon chart review. It is possible that NEXUS
criteria could have been present but were not documented by
the clinician, causing the rate of overutilization to be
overestimated. However, given the clinical importance of
each of theNEXUS criteria in the evaluation of patients with
potential cervical spine injury, it is likely that positive criteria
would have been included in the clinician’s documentation.
In addition to reviewing clinician documentation, chart
reviewers also reviewed lab studies, imaging, and
nursing notes to identify any information regarding the
NEXUS criteria.
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To support feasibility, our study was limited to a two-
month period. These occurred during winter months, and
some of the patients had season-specific mechanisms of
injury. For example, mechanisms of injury included skiing/
snowboarding accidents and snowmobile collisions.
Although none of themechanisms of injury in this studywere
significantly associated with overutilization of CT imaging,
there may be significant mechanisms of injury with seasonal
variation that were not identified in this population due to the
timing of the study.

Overall, the rate of overutilization at the sites in this study
was higher than the rates identified previously in the
literature. In this cohort, nearly one-half of the patients who
underwent CT of the cervical spinewere negative byNEXUS
criteria. Although this is higher than previously reported
rates, it should be noted that there is very limited published
data on this topic, and prior research has been limited to
academic medical centers.12–14 It is unclear whether or how
this may have affected our observed results.

Lastly, there may be significant variability in individual
physician practice patterns, whichmay be a factor associated
with overutilization of CT imaging. However, due to the
limited number of studies that were ordered by each
physician during the study period, we were unable to assess
the association between individual physician practice
patterns and overutilization. Future investigation with
a larger study population would be needed to answer
this question.

CONCLUSION
Computed tomography C-spine imaging continues to be

overutilized in the ED setting. Factors that were associated
with overuse of CT imaging include>65 years old, ESI scores
2 and 3, arrival by walk-in, anticoagulation, and presenting
to a community ED. These findings may assist in guiding
future interventions to optimize resource utilization and
promote safer and more efficient emergency care.
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Introduction: Sexual Assault Nurse Examiners (SANE), who are trained to provide comprehensive and
compassionate specialty care to sexual assault survivors, are increasingly used in the emergency
department (ED), but there is little published literature to support their benefit. In this study we aimed to
compare services offered and received by sexual assault survivors in the EDwhen care was provided by
a SANE vs those with traditional care teams, hypothesizing that SANE utilization will be associated with
improved uptake of recommended services.

Methods: This was a retrospective review examining all patient encounters in which a sexual assault
was disclosed in a large, urban, adult ED between June 1, 2019–June 30, 2022. We extracted timeline
information from the ED encounter, demographic information, resources offered to and accepted by the
patient, clinical care data, and continuity of care data from the medical record. We used unadjusted and
adjusted analyses to compare patient demographics and services offered and accepted between SANE
and non-SANE encounters.

Results: We included a total of 182 encounters in the analysis, of which 130 (71.4%) involved SANEs.
Demographics were similar between groups, except there was a larger proportion of cisgender men in
the non-SANE group (14.0% vs 5.5%), and the timing of visits differed, with non-SANE visits more
common during the overnight shift. All recommended testing, prophylaxis, and resources were offered
more frequently during SANE visits, and all but one were more frequently accepted by patients during
SANE visits, although not all comparisons reached statistical significance.

Conclusion: Patients who received care from a SANE were more often offered recommended services
and resources and more frequently accepted them. Making SANE care available at all times to these
vulnerable patients would both improve patient outcomes and allow hospitals to meet required quality
metrics. States should consider expanding legislation to encourage and fund SANE coverage for all
hospitals to support access to vital resources in the ED for survivors of sexual assault. [West J Emerg
Med. 2023;24(5)974–982.]

INTRODUCTION
Sexual assault (SA) is a major public health issue

that affects people of all socioeconomic and cultural
backgrounds. Each year in the United States, more than
100,000 survivors of SA seek care in the emergency

department (ED).1 Understanding that survivors of SA
are a vulnerable group with unique acute and chronic care
needs, there have been recent moves toward implementing
legislation that will help support comprehensive and
compassionate hospital care for survivors, including the
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federal Survivors’ Bill of Rights Act of 2016, the Illinois
Sexual Assault Survivors Emergency Treatment Act
(SASETA) amended in 2019, and the No Surprises for
Survivors Act, introduced in 2022.2–4 These laws aim to
protect SA survivors from financial ruin after their hospital
visit, ensure medical forensic kits are processed in an
efficient and timely manner, establish care guidelines
and reporting systems for hospitals that treat SA
survivors, and promote the provision of comprehensive,
trauma-informed care.

The goal of these initiatives is to address inequities in
access to care faced by survivors of SA, among whom
the most vulnerable members of society—particularly
young, socioeconomically disadvantaged women— are
disproportionately represented.5–7 Survivors face many
barriers to receiving optimal care, with fewer than one in five
US hospitals providing all 10 metrics of what is considered
“comprehensivemedical caremanagement” for SA survivors
in the ED.6One proposedmechanism to address this gap is to
use specially trained Sexual Assault Nurse
Examiners (SANE).

Sexual Assault Nurse Examiner programs were developed
in 1976 to augment training, address concerns of physicians
about caring for survivors of sexual assault, decrease long
ED wait times, and support sensitive and socially competent
care.8 Many emergency physicians and nurses feel
unprepared and uncomfortable providing some or all
necessary patient care in cases of SA.9 They may also face
significant challenges due to the unique ED environment,
including crowding, caring for multiple patients
simultaneously, or needing to care for patients who require
immediate attention. Earlier studies have shown that when
SANEs provide care, they do so in a compassionate,
respectful, and safe manner that is associated with feelings of
confidence and relief in survivors.10,11 The SANEs are able to
build a unique, trusting relationship with their patients that is
focused on providing SA survivors with control and choices
surrounding their care decisions.12

SexualAssaultNurse Examiner programs are increasingly
common, and there is rising awareness of the importance
of specialized SANE training; however, there is still a
nationwide shortage of SANEs.13 Rural areas have few
SANEs and are less likely than urban areas to have 24-hour
continuous SANE coverage.14 Even in urban areas, 85.5% of
nurses indicate that they are not SANE-trained, yet they have
cared for SA survivors in their healthcare institution.13While
some studies have examined the impact of SANEs on the
patient experience, few have evaluated the effects of SANE
care on quality metrics in terms of the actual delivery of
recommended services and resources.

We conducted this study at a large, urban, tertiary care
hospital with a Level I trauma center. Approximately 60–80
adult survivors of SA visit our ED annually. In this ED,
a SANE is unavailable in the adult ED approximately

20-30%of the time,mostly overnight. Care for a SA survivor is
always provided by a SANE, if available; if not, then care is
provided by a physician or non-physician clinician and a
registered nurse, which is the standard of care. During a visit
for SA, patients are offered a medical forensic examination
kit, if appropriate, which can be used as evidence should a
case go to trial, testing and prophylaxis for HIV and other
sexually transmitted infections (STI), a pregnancy test,
and emergency contraception. They should also have the
opportunity to speak with police, a SA advocate, and social
services, and access other hospital resources as needed, such
as behavioral health support or safe housing options, and
they are given a packet of post-visit resources before
discharge. Both SANEs and registered nurses have access to
a checklist of these items that should be completed during
the ED visit. This study compared the rate at which these
services were offered or accepted between encounters in
which care was provided by a SANE vs those with
traditional care teams, hypothesizing that SANEs would be
more likely to offer services, and that their patients would be
more likely to accept them. Increased uptake of
recommended services with SANE care would support
the adoption and expansion of SANE programs, which
would ultimately address disparities in care faced by
SA survivors.

Population Health Research Capsule

What do we already know about this issue?
Few studies have examined the impact of
Sexual Assault Nurse Examiners (SANE) on
the patient experience, or evaluated their
effects on delivery of recommended services.

What was the research question?
Were sexual assault survivors more likely to
receive recommended healthcare services in
the ED if they were cared for by a SANE?

What was the major finding of the study?
Patients cared for by a SANE were more
likely to be offered advocate services
(P < 0.05), medical forensic exam kits
(P < 0.05), and resource packets (P < 0.05).

How does this improve population health?
Sexual assault survivors cared for by a SANE
are more likely to receive recommended
treatment in the ED, which may have major
impacts on long-term outcomes for them.
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METHODS
Study Design

This was a retrospective review of all adult patient
encounters in which a SA was disclosed (defined as a triage
chief complaint or ED diagnosis code for SA) in the ED
between June 1, 2019–June 30, 2022. Encounters were
included even if the patient left before the visit was
considered complete, provided any services had been offered.
For patients whowere includedmore than once (i.e., had two
instances of SA during the study period), each encounter was
considered an independent event, as the details of the assault
and the ED encounter were unique. This study was approved
by our institutional review board.

Measures
Data extracted from the electronic health record (EHR)

included the following: demographics (e.g., age, gender, race/
ethnicity); the time the patient was admitted to the ED; days
since incident reported; clinical care data (e.g., STI testing
and prophylaxis, forensic kit collection, pregnancy testing
and provision of emergency contraceptives); and continuity
of care data (e.g., linkage to primary care or mental health
resources). Encounter time was divided according to shift
times in the ED, with 6:30 AM–2:30 PM considered the
morning, 2:30 PM–10:30 PM considered the afternoon,
and 10:30 PM–6:30 AM considered overnight.

The primary outcomes of this study were the proportions
of patients offered and accepting services when cared for by a
SANE or non-SANE team. In certain cases, for which a
service was not applicable during the ED visit (e.g., already
completed elsewhere, too much time passed since the
incident, or pregnancy testing for individuals without a
uterus), these were removed from the denominator of
services offered. If an applicable service was not explicitly
documented to have been offered or accepted in the EHR,
it was considered not offered or not accepted for the
purposes of the analysis. If a service was partially accepted
(e.g., prophylaxis for gonorrhea and chlamydia but not
hepatitis), the outcome (e.g., STI prophylaxis) was
considered accepted in the analysis.

Statistical Analyses
Wecompared patient demographics and the proportion of

patients offered and accepting services to identify differences
between SANE and non-SANE evaluated patients, using
a t-test for continuous variables and chi-square (χ2) test or
the Fisher exact test for categorical variables. We used
logistic regression to calculate odds ratios between groups,
adjusting for patient arrival time as a potential confounder in
the model. Offering the medical forensic kit, accepting
the discharge resource packet, and accepting the social
work consult were excluded from the logistic regression
analysis due to the presence of zero responses. Differences
were considered significant at P ≤ 0.05. We performed

all statistical analyses using R version 4.2.1. (R Core
Team, R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
Participant Characteristics

Over the three-year study period, we identified 182 adult
ED encounters for SA, including 177 unique individuals, five
of whom presented on two separate occasions for SA. Of all
encounters, 130 (71.4%) received care froma SANE,while 52
(28.6%) received the standard of care with a physician/nurse
team (Table 1). Cisgender women (90.4%) and non-Hispanic
Black individuals (82.7%) represented the majority of
encounters, with a mean age of 30 years (range 18–79).
Demographics were similar between the two groups;
however, the non-SANE group had more cisgender men
than the SANE group (14.0% vs 5.5%) and no transgender
individuals. The groups differed by time of patient arrival,
with a larger proportion of SANE encounters (48.5%) in the
afternoon, and the largest proportion of non-SANE
encounters (50.0%) during the overnight shift (P < 0.01).
Both SANE and non-SANE groups presented to the ED
within similar time frames after the assault (mean 1.16 days,
SD 1.44, non-SANE vs mean 1.28 days, SD 1.72, SANE;
P = 0.65). Additionally, there was a significant difference
in the number of patients who left before treatment was
complete (15.4% non-SANE vs 2.3% SANE, P < 0.01).

Resources, Medical Care, and Services Offered
and Accepted

While not all differences were statistically significant,
every type of recommended resource or care studied was
offered in a higher proportion of SANE encounters than non-
SANE encounters (Table 2). Significant differences observed
in services offered between SANE and non-SANE groups
included SA advocate (97.7% SANE vs 89.4% non-SANE;
odds ratio [OR] 5.04, 95% confidence interval [CI] 1.16-
21.99, P = 0.03), medical forensic kit (100% vs 93.6%,
P = 0.02); pregnancy testing (96.2% vs 86.1%; OR 4.11, 95%
CI 1.09-15.54, P = 0.05); and discharge resource packet
(69.0% vs 48.9%; OR 2.33, 95% CI 1.16-4.65, P = 0.03).
A higher percentage of the SANE group was offered
emergency contraception (94.3% vs 82.4%, P = 0.07),
although not significant. The proportion of encounters
offered safe disposition planning (28.7% vs 21.7%)
or a social work consult (33.3% vs 27.7%) was markedly
low in both groups, although it is unknown whether
this was related simply to lack of documentation around
these services.

For those services documented to have been applicable
and offered, the proportion of recommended resources and
care accepted in SANE encounters was also higher for
every service category except the discharge resource packet,
which was comparable between groups (98.9% SANE vs
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100.0% non-SANE, P = 1.00). A much larger proportion of
encounters in the SANE group accepted SA advocate
services (78.7% vs 61.9%; OR 2.28, 95% CI 1.07-4.84,
P = 0.05) and a medical forensic kit (88.4% vs 68.2%; OR
3.55, 95% CI 1.54-8.15, P < 0.01). Large differences that did
not reach statistical significance were found for several
service types, including making a police report (82.4% vs
67.5%), HIV prophylaxis (76.3% vs 64.1%), HIV testing
(93.4% vs 85.7%) and STI testing (93.5% vs 86.0%),
emergency contraception (66.3% vs 57.1%), and social
worker consultation (100% vs 84.6%).

Because SANE encounters occurred more often during
the afternoon and non-SANE encounters more often
overnight, additional models were created to adjust for the
effects of patient arrival time on services offered and accepted
(Tables 3 and 4). In the adjusted analysis, SANE encounters
were still more likely to offer recommended services such as
SA advocates (adjusted [aOR] 5.51, 95% CI 1.26-24.05,
P = 0.03) and to accept both the advocate services
(aOR 2.60, 95% CI 1.22-5.52, P = 0.02) and the medical
forensic kit (aOR 2.90, 95% CI 1.26-6.66, P = 0.02). Of note,
after adjusting for arrival time, the higher proportion of
SANE encounters completing a police report was significant
(aOR 2.63, 95% CI 1.17-5.93, P = 0.03). While the

non-SANE group had a higher proportion of cisgender men
than the SANE group (Table 1), the model was not adjusted
for patient gender, as this observed difference did not reach
statistical significance.

DISCUSSION
We found that survivors cared for by a SANE were more

often offered the recommended care and resources in every
category examined, and they accepted this offer more often
for all but one category. The SANEs were significantly more
likely to offer a pregnancy test and emergency contraception,
and survivors cared for by a SANE were significantly more
likely both to be offered and to accept SA advocate services
and a medical forensic examination kit. While only a few
categories reached statistical significance, this is likely due to
the small sample size inherent in studying a relatively
uncommon event, and the results of this study suggest major
potential benefits from SANE care.

Recent data shows a concerning trend in US ED visits for
SA, which have increased more than 1,533.0% from 2006 to
2019.5 Young, low-income women are disproportionately
represented among survivors of SA.5 Survivors may have
increased risk for a variety of mental health complications,
substance use, and chronic health conditions.15–17 Providing

Table 1. Demographics of emergency department patient encounters for sexual assault from June 1, 2019–June 30, 2022,
by type of care team.

All encounters
(n= 182)

SANE
(n= 130)

Non-SANE
(n= 52)

P-valuen (%) n (%) n (%)

Age (mean, SD) 30.2 (13.1) 30.1 (13.5) 30.6 (12.3) 0.81

Gender+ 0.11

Female 160 (90.4%) 117 (92.1%) 43 (86.0%)

Male 14 (7.9%) 7 (5.5%) 7 (14.0%)

Transgender/Non-binary 3 (1.7%) 3 (2.4%) 0 (0.0%)

Race/Ethnicity+ 0.83

Non-Hispanic White 14 (8.4%) 10 (8.1%) 4 (9.3%)

Non-Hispanic Black 138 (82.7%) 101 (81.5%) 37 (86.0%)

Hispanic 9 (5.4%) 8 (6.5%) 1 (2.3%)

Other 6 (3.6%) 5 (4.0%) 1 (2.3%)

Patient arrival time^ <0.01*

Morning 48 (26.4%) 32 (24.6%) 16 (32.0%)

Afternoon 73 (40.1%) 63 (48.5%) 10 (18.0%)

Overnight 61 (33.5%) 35 (26.9%) 26 (50.0%)

Days since incident (mean, SD) 1.19 1.51 1.16 1.44 1.28 1.72 0.65

SANE, Sexual Assault Nurse Examiner.
*Indicates a P-value≤ 0.05; Fisher tests were conducted due to the small cell counts.
+Gender (n= 177) and race/ethnicity (n= 177), given that five individuals had two encounters.
^Patient arrival timeswere categorized into the following:morning 6:30 AM–2:30 PM; afternoon 2:30 PM–10:30 PM; and overnight 10:30 PM–6:30 AM.
Missing values for race/ethnicity (n= 15, 8%) and days since incident (n= 7, 4%).
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Table 2. Bivariate analysis of services offered and accepted by emergency department patients evaluated after sexual assault from June 1,
2019–June 30, 2022, by type of care team.

SANE (n= 130) Non-SANE (n= 52)
P-valuen/N (%) n/N (%)

Testing and prophylaxis

HIV testing

Offered+ 122/128 (95.3%) 42/46 (91.3%) 0.46

Accepted+ 113/121 (93.4%) 36/42 (85.7%) 0.20

STI testing

Offered+ 124/129 (96.1%) 43/47 (91.5%) 0.25

Accepted+ 115/123 (93.5%) 37/43 (86.0%) 0.20

Pregnancy testing

Offered+ 102/106 (96.2%) 31/36 (86.1%) 0.05*

Accepted+ 94/101 (93.1%) 28/31 (90.3%) 0.70

HIV prophylaxis

Offered+ 115/126 (91.3%) 39/44 (88.6%) 0.56

Accepted 87/114 (76.3%) 25/39 (64.1%) 0.20

STI prophylaxis

Offered+ 122/129 (94.6%) 41/46 (89.1%) 0.31

Accepted 103/121 (85.1%) 33/41 (80.5%) 0.65

Emergency contraception

Offered+ 99/105 (94.3%) 28/34 (82.4%) 0.07

Accepted 65/98 (66.3%) 16/28 (57.1%) 0.50

Services and resources

Medical forensic kit

Offered+ 129/129 (100.0%) 44/47 (93.6%) 0.02*

Accepted 114/129 (88.4%) 30/44 (68.2%) <0.01*

Sexual assault advocate

Offered+ 127/130 (97.7%) 42/47 (89.4%) 0.03*

Accepted 100/127 (78.7%) 26/42 (61.9%) <0.05*

Police report

Offered to call+ 119/125 (95.2%) 40/44 (90.9%) 0.29

Report complete 98/119 (82.4%) 27/40 (67.5%) 0.08

Resource packet

Offered 89/129 (69.0%) 22/45 (48.9%) 0.03*

Accepted+ 88/89 (98.9%) 22/22 (100.0%) 1.00

Social worker consult

Offered 43/129 (33.3%) 13/47 (27.7%) 0.60

Accepted+ 43/43 (100.0%) 11/13 (84.6%) 0.05

Safe discharge planning

Offered 37/129 (28.7%) 10/46 (21.7%) 0.47

Accepted+ 36/37 (97.3%) 9/10 (90.0%) 0.38

Left before treatment complete 3/130 (2.3%) 8/52 (15.4%) <0.01

SANE, Sexual Assault Nurse Examiner; STI, sexually transmitted infections.
*Indicates a P-value≤ 0.05; +Fisher tests were performed due to small cell counts.
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comprehensive and trauma-informed care to survivors of
SA in the ED is vital to the long-term outcomes for these
vulnerable patients. However, time constraints, crowding,

lack of awareness or training in trauma-informed care, and
many other challenges of the ED environment can present
major obstacles.

Table 3.Odds ratios of services offered to emergency department patients evaluated after sexual assault from June 1, 2019–June 30, 2022,
by type of care team.

Unadjusted
odds ratio

95% Confidence
interval P-value

Adjusted
odds ratio

95% Confidence
interval P-value

Testing and prophylaxis

HIV testing 2.35 (0.77, 7.24) 0.13 1.93 (0.63, 5.95) 0.27

STI testing 2.33 (0.76, 7.16) 0.14 2.40 (0.78, 7.36) 0.15

Pregnancy testing 1.44 (1.00, 16.96) 0.62 1.41 (0.87, 14.79) 0.64

HIV prophylaxis 1.80 (0.82, 3.95) 0.14 1.87 (0.86, 4.10) 0.14

STI prophylaxis 1.39 (0.55, 3.48) 0.49 2.11 (0.48, 3.04) 0.70

Emergency contraception 1.43 (0.61, 3.38) 0.41 1.61 (0.68, 3.80) 0.29

Services and resources

Medical forensic kit 3.55 (1.54, 8.15) <0.01* 2.90 (1.26, 6.66) 0.02*

Sexual assault advocate 2.28 (1.07, 4.84) 0.03* 2.60 (1.22, 5.52) 0.02*

Police report 2.25 (1.00, 5.06) 0.05 2.63 (1.17, 5.93) 0.03*

Resource packet N/A N/A

Social worker consult N/A N/A

Safe discharge planning 4.00 (0.23, 70.30) 0.34 3.64 (0.21, 63.91) 0.40

STI, sexually transmitted infections.
*Indicates a P-value≤ 0.05; reference group= non-Sexual Assault Nurse Examiners. Analyses are adjusted for patient arrival time. Odds
ratio analysis could not be calculated for N/A entries due to 0 responses in a single group.

Table 4.Odds ratios of services accepted by emergency department patients evaluated after sexual assault from June 1, 2019, through June
30, 2022, by type of care team.

Unadjusted
odds ratio

95% Confidence
interval P-value

Adjusted
odds ratio

95% Confidence
interval P-value

Testing and prophylaxis

HIV testing 1.94 (0.52, 720) 0.32 2.04 (0.55, 7.58) 0.32

STI testing 2.31 (0.59, 8.99) 0.23 2.04 (0.52, 7.94) 0.33

Pregnancy testing 4.11 (1.09, 15.54) 0.04* 3.59 (0.95, 13.55) 0.08

HIV prophylaxis 1.34 (0.44, 4.10) 0.61 1.07 (0.35, 3.26) 0.92

STI prophylaxis 2.13 (0.64, 7.06) 0.22 1.59 (0.48, 5.29) 0.47

Emergency contraception 3.54 (1.05, 11.78) 0.04* 3.00 (0.90, 9.97) 0.08

Services and resources

Medical forensic kit N/A N/A

Sexual assault advocate 5.04 (1.16, 21.99) 0.03* 5.51 (1.26, 24.05) 0.03*

Police report 1.98 (0.53, 7.39) 0.31 1.87 (0.50, 6.96) 0.37

Resource packet 2.33 (1.16, 4.65) 0.02* 1.96 (0.98, 3.93) 0.07

Social worker consult 1.21 (0.58, 2.54) 0.59 1.05 (0.50, 2.19) 0.91

Safe discharge planning 1.45 (0.65, 3.23) 0.36 1.34 (0.60, 2.98) 0.49

STI, sexually transmitted infections.
*Indicates a P-value≤ 0.05; Reference group= non-Sexual Assault Nurse Examiners. Analyses are adjusted for patient arrival time. Odds
ratio analysis could not be calculated for N/A entries due to 0 responses in a single group.
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Recent federal and state laws have been passed or
proposed to try to address this problem, requiring certain
standards for all visits for SA. For example, the Illinois
SASETA act created universal care and reporting guidelines
and requires EDs to have continuous coverage by a SANE or
a clinician with equivalent training.4 Guidelines from the
American College of Emergency Physicians on management
of patients presenting after SA emphasize the importance of
“specially trained, non-physician medical personnel,” which
may include SANEs, and “access to appropriate medical,
technical, and psychological support” for patients.18 In
addition, with the recent increasing popularity of the value-
based reimbursementmodel, there will be financial incentives
for hospitals to provide services to SA survivors beyond basic
medical care.19 Similarly, there may be financial penalties or
legal ramifications for hospitals that do not meet these
quality metrics in states that have implemented laws
like SASETA.

The SANE programs have been proposed to fill these
gaps, using dedicated care personnel with specialized training
in caring for survivors of SA. These programs have been
shown to reduce patient wait times, increase quality of
examination and evidence collection, and provide overall
comprehensive and compassionate care in a timelymanner.20

Despite growing evidence and guidelines supporting SANE
services, SANE utilization and availability are highly
variable. One study found that 35.5% of hospitals had no
access to SANE services at all.13 Hiring and retaining a
specially trained group of nurses to be available at all times, if
needed, is expensive and challenging. For hospitals without
the means to expand SANE coverage, community efforts
have laid the groundwork for telehealth SANE coverage in
rural areas.21

While there is a growing body of evidence demonstrating
the benefits of SANE care, thus far little has been published
on the effect of SANE care on quality metrics, which are
important both for individual patient outcomes and
regulatory and financial reasons. Evidence of an association
between SANE care and improved service delivery could
encourage expanded support for the development and
adoption of SANE programs. Prior studies suggest that
specialized trainingmay help nurses approach patients about
receiving medical services for a SA in a manner that
encourages engagement in care.11,22 When care is provided
by a SANE, patients report positive psychological outcomes,
such as feelings of empowerment and compassion.11,22

One study found that SANEs go beyond “collecting
evidence,” and that “the manner in which it was being done”
made a positive impact on patients.10 Patients interviewed in
that study found that SANEs provided a “clear and thorough
explanation of the exam process and findings.”10 In the
present study, more survivors completed treatment in the ED
when care was provided by a SANE. This may reflect the
additional training in trauma-informed care or the lack of

concurrent clinical duties during SANE care, both of which
may lead patients to engage more in their care. Additionally,
when services were offered to survivors, theywere accepted at
much higher rates when offered by a SANE. This likely
reflects the way in which the resource was presented or
described to the survivor, which certainly could be affected
by training and awareness.

Involvement of SANES in care is associated with more
medical services provided, more forensic kits collected, and
more police reports filed.23 The same trend was identified for
SANE care in cases of pediatric SA.24 In the current study,
after adjusting for patient arrival time, police reports were
completed during SANE encounters at a significantly higher
rate. The police reporting options for patients are complex,
there can be significant delays waiting for police to arrive to
file a report, and non-SANE nurses may not be familiar with
all the options, whichmay lead tomissed opportunities to file
a police report.

Non-SANE nurses caring for SA survivors have a
checklist of services to offer and, therefore, theoretically
should offer these services at the same rate. However, SANEs
receive substantial additional training that may afford them
a better understanding of the importance of these resources
and the skills to discuss them sensitively with a traumatized
patient. A SANE-trained nurse may have a more positive
attitude toward SA survivors in general.13 They may also
have more time to talk with the patients, as they are not
responsible for any other patient care duties at the same time;
or the higher resource acceptance rates among SANE
patients may simply reflect the fact that SANE nurses have
self-selected for additional training due to an interest in
helping SA survivors, whichmay allow them to providemore
sensitive care. Regardless of the reason, given mounting
evidence to support the benefits of SANE care to patient and
quality outcomes, SANE programs should be expanded and
supported whenever possible.

LIMITATIONS
The major limitation of this study was the reliance on

retrospective, routine care data collected from the EHR. It is
possible that some services or resources were offered and/or
accepted by patients and simply not documented, and it is
unknown whether one group was more likely to document
than the other. Any service not documented was considered
to not have been offered or received for the purposes of the
analysis, which may have affected the outcomes if a large
proportion of those services not documented were either not
applicable or were actually provided. Additionally, there
were five individuals who presented for SA twice during the
study period. Each encounter was analyzed independently,
but it is possible that the first ED experience impacted their
choices during the second encounter. However, given that
these individuals represented such a small proportion of the
sample, it is unlikely that their inclusion significantly affected
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the results of the study. Due to the small sample size, the
effects of survivor gender could not be fully explored, as
gender differences between groups were not statistically
significant. It is possible that the larger proportion of
cisgender men in the non-SANE cohort affected outcomes,
or that their gender affected either the likelihood of SANE
care or their likelihood of accepting services, as men may be
less trusting of their care team due to significant stigma.24,25

Furthermore, much of the study period included the
COVID-19 pandemic, which may have impacted clinical
documentation, availability of ED services, or willingness of
patients to remain in the ED while waiting for results or
referrals, although these should have impacted both SANE
and non-SANEgroups similarly. Lastly, this was a single-site
study. While it is likely that the results are generalizable to
other large, urban, adult EDs, further studies are needed to
validate these results in other ED settings.

CONCLUSION
This study revealed that sexual assault survivors in the

ED who received care from a Sexual Assault Nurse
Examiner were more likely to be offered and to accept
standard-of-care SA services and resources. Thismay reflect
the increased sensitivity and expanded skillset afforded by
SANE training, or the ability of a dedicated SANE to work
outside the time, space, and workflow constraints of a busy
ED. While arranging for continuous SANE coverage in the
ED can be logistically and financially challenging, it may
not only benefit patient outcomes but allow hospitals to
meet recommended quality metrics, which may be required
by governing bodies or even tied to reimbursement in the
value-based care model. Legislative support for SANE
coverage should be expanded nationally, with parallel
increases in funding to help hospitals implement continuous
SANE coverage. This will positively impact the quality of
care for survivors of SA, who may then be more likely to
receive the services and treatment that they need after a
traumatic event.
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Objective:We explored individual Muslim women’s reproductive healthcare experiences, preferences,
beliefs, and behaviors in the emergency department (ED) and in general.

Methods: This was a qualitative study conducted at a community ED using semi-structured interviews
with a piloted interview guide. We interviewed participants awaiting care in the ED with the following
criteria: female gender; English or Arabic speaking; aged≥18 years; and self-identified as Muslim. We
conducted interviews in both English and Arabic until thematic saturation was reached. Transcripts were
coded using an iteratively developed codebook,maintaining intercoder agreement greater than 80%.We
used an inductive thematic analysis to identify themes, and results were interpreted in the context of
interview language and patient’s age.

Results:We interviewed 26 Muslim-identified female ED patients. We found that cultural representation
and sensitivity among ED staff mitigated discrimination and promoted inclusion for Muslim ED patients.
However, assumptions about Muslim identity also impacted the participants’ healthcare. Most
participants endorsed a preference for a female clinician for their reproductive healthcare in general, but
not necessarily for other areas of medicine. Clinician cultural concordance was not always preferred for
participants in the ED due to fears about the loss of confidentiality. Marital status impacted beliefs about
reproductive and sexual health in the context of Muslim identity. Overall, family planning was acceptable
and encouraged in this patient population.

Conclusion: The themes elucidated in this study may guide clinicians in developing culturally
sensitive practices when providing reproductive healthcare to the Muslim population. [West J Emerg
Med. 2023;24(5)983–992.]

INTRODUCTION
Racial and ethnic minorities continue to have inequitable

healthcare access and outcomes, frompreventivemeasures to
the treatment of acute illness.1–4With an increasingly diverse
patient population, much focus has been on improving
patient-clinician cross-cultural interactions to prevent
stereotyping, biases, and lack of trust that impede the

delivery of quality care.2 Models of cultural competence
emphasize a patient-centered approach to enhance
healthcare delivery to minority groups with cultural and
linguistic differences.5 This is especially important in the
emergency department (ED), a safety-net care setting in
which clinicians do not typically have established
relationships with patients.6,7
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Health outcomes and cultural preferences of the Muslim
population are not well established in the healthcare
literature or practice guidelines.8 An estimated 3.3 million
Muslims live in the United States today, making Islam the
third most prominent religion in the country.9 The Muslim
population is growing and projected to reach 8.1 million by
2050, largely due to increased immigration.10 Considering
the prevalence of Muslims nationally, it is important
that clinicians are well trained in delivering care that is
sensitive to the unique perspectives and beliefs of
these patients.

Ensuring that clinicians are knowledgeable about Muslim
patients’ preferences regarding reproductive health is
especially important in the ED where patients often present
for obstetric or gynecological complaints and there is no
established patient-clinician relationship.11 Although best
practices for care of Muslim patients in the ED have been
published, there is a lack of literature that is derived from
patient preferences that specifically focuses on reproductive
healthcare for femaleMuslims in the ED.11–14Moreover, the
Muslim population constitutes a very heterogenous
population that includesmany different ethnic groups, and in
which religious identity is often confounded by specific
cultural values. Understanding perspectives of individual
patients can help elucidate how to best address the diversity
of identity within this population.15 Therefore, we aimed to
explore Muslim women’s reproductive healthcare
experiences, preferences, beliefs, and behaviors in the ED
and in general.

METHODS
Study Design and Setting

We conducted semi-structured, face-to-face interviews
using a piloted interview guide with female Muslim patients
of reproductive age presenting to a community ED located in
a midwestern suburb with a large Muslim population. The
study was approved by the institutional review board at the
institution where data collection occurred. To ensure our
interview guide was culturally sensitive, we performed
cognitive interviews in English while piloting the
interview guide.

Two team members (AN and MS) conducted all study
activities in English or Arabic according to the participant’s
preference. AN, a third-year medical student, conducted all
of the English interviews, and MS worked as a registered
nurse at the study site and conducted all of the Arabic
interviews. Both AN and MS are reproductive-aged,
cisgender females who identify as Muslim, but neither wear
the hijab. AN is South Asian and is familiar with the
community through her medical education activities and
volunteerism. MS is Lebanese and a life-long member of the
local Muslim community. Both were new to qualitative
research and were trained byMC, who has extensive training
and experience in qualitative methods and community-based

participatory research. Note that all Arabic research
documents were professionally transcribed and certified
by the health system’s approved company, as well as
reviewed by multiple Arabic-speaking members of the
study team.

Selection of Participants
While patients awaited medical treatment in the ED, a

study team member screened the electronic health record
(EHR) track board for inclusion in this study and approached
potentially eligible participants. Participants who met the
following criteria were included: 1) female gender per the
EHR; 2) age ≥18 years per the EHR; and (3) self-identified as
Muslim. Any individual who was identified by the EHR to
meet the first two inclusion criteria were approached and
asked whether they self-identified as Muslim to avoid
profiling. Individuals who met the following criteria were
excluded: 1) in physical, mental, or emotional distress,
including Emergency Severity Index 1 (the highest acuity);
2) prisoners; 3) cognitively delayed; or 4) could not understand
and converse about reproductive health in English or Arabic.
Interviews were conducted in the ED patient rooms
without the presence of family members in the
majority of cases.

Population Health Research Capsule

What do we already know about this issue?
Best practice care models for Muslim patients
that have been published to improve cultural
competency among clinicians are not derived
from patient preferences.

What was the research question?
We aimed to explore Muslim women’s
reproductive healthcare experiences and
preferences in the ED and in general.

What was the major finding of the study?
Most women preferred a female clinician for
their reproductive healthcare, but cultural
concordance was not always desired due to
fears about confidentiality. Family planning
was acceptable, and desired in this patient
population.

How does this improve population health?
The themes elucidated here may guide
clinicians in developing culturally sensitive
practices when providing reproductive
healthcare to this population.
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Measurements
Participants completed a brief screening questionnaire to

obtain demographic information. Written informed consent
was obtained from all participants in their preferred
language. Participants received a $20 cash compensation for
participating in the 30- to 40-minute interviews. Interviews
were audio recorded, transcribed, and de-identified by a
professional transcription company. Arabic transcripts were
subsequently translated into English and verified byMH and
AB, who are Arabic-speaking, Muslim resident physicians.
Interviewers documented field notes of their observations
and experiences for each interview, which were used to
contextualize interview data during analysis.

Analysis
Interviews were collected until thematic saturation was

reached or when recurring themes were identified in the
manuscripts, which was found to be at 26 interviews. No
repeat interviews needed to be conducted. The study team
developed a codebook using axial and open coding,
resolving disagreements using a consensus process. The
codebook was iteratively revised throughout coding to
include emerging content. Prior to coding, and every five
transcripts thereafter, coders performed an intercoder
agreement trial and maintained intercoder agreement at or
above 80%. Using qualitative data analysis software
Dedoose version 7.0.23 (SocioCultural Research
Consultants, LLC, Los Angeles, CA), two trained coders
(MM, a Muslim graduate student and SA, a Muslim
medical student) employed codes from the codebook to the
transcribed and de-identified interviews. AN used an
inductive thematic process to analyze the text data.
Findings were validated by the entire research team, which
is comprised of mostly Muslim members and two non-
Muslims. Thematic results were converged with
demographic data obtained in the questionnaire.

RESULTS
Characteristics of Study Subjects

We interviewed 26 participants, of whom 14were English-
speaking and 12 were Arabic-speaking (Table 1). The
majority of participants (16) were of reproductive age,
defined as 18–50 years old; 19 were US citizens; 23 had
publicly funded health insurance; and 14 identified as having
more traditional Islamic religious views. The Arabic-
speaking group was older than the English-speaking
interviewees (39 vs 33 years old). All the Arabic-speaking
participants were born outside the US, and this group had
lower educational levels with 41.6% reporting an eighth-
grade education or less. The English-speaking population
mostly identified as Lebanese (11), whereas the ethnicity
most often represented among the Arabic-speaking group
was Yemeni (six participants).

Main Results
We grouped themes into twomain categories: 1) impact of

Muslim identity on reproductive health experiences in
general; and 2) impact of Muslim identity on reproductive
health preferences, beliefs, and behaviors (Table 2). The
supporting quotes are formatted as follows: interview
language (E=English, A=Arabic); participant number;
and participant age in years (y).

Impact of Muslim Identity on Reproductive Health
Experiences in General

I. Cultural representation and cultural sensitivity
mitigate experiences of discrimination and promote feelings
of inclusion. The most prevalent theme in the interviews
addressed discrimination, cultural representation, and
cultural sensitivity in healthcare in general. When
interviewers asked participants whether they had ever felt
discriminated against while receiving reproductive health
services because of their religion, the majority of participants
denied such experiences in the ED and in healthcare at large.
For example, many participants seemed to agree that
“I don’t see any difference [in receiving reproductive
healthcare] whether I wear a hijab or not. They treat us
the same way” (A2, 34y). Put more explicitly, “I’m treated
the same by every doctor and nurse that I encounter, so I
think [discrimination] is not a problem” (E15, 24y).

Many participants alluded to the unique cultural
representation in the local community as being a major
protective factor against discrimination and bias. One
participant said, “coming in [to the ED] and seeing Muslim
people : : : it just makes me more comfortable” (E15, 24y).
Another participant described how “[in this hospital], since
they know there’s a lot of Arabs and stuff, and they always
have Arab nurses, they can communicate, so here it’s
better” (E7, 35y) indicating that cultural representation is
an important part of building comfort with clinicians.
Additionally, some participants also suggested that,
“a lot of the American doctors [in this community] : : : know
our culture : : : but if you go outside like Florida and
stuff : : : I heard that they would treat [Muslims] differently”
(E7, 35y).

Notable exceptions to this theme seemed related to
language and religious clothing, such as the hijab. One
participant stated, “I’ve heard [a lot of stories of
discrimination] and it usually [involved] women who didn’t
speak English” (E8, 27y). Another participant concurred
that “probably because [another Muslim woman] had an
accent and [she] couldn’t speak English well, [the clinicians]
were kind of rude to [her]” (E7, 35y). One participant shared
a story of her support of anotherMuslim womanwho wore a
hijab, describing, “a little scarf lady : : : she couldn’t defend
herself, so I had to defend her because [the clinicians were]
talking like she’s stupid” (E6, 27y). One of the English-
speaking participants explained that she had never
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encountered discrimination due to her Muslim religion,
“maybe because I don’t wear a head scarf, it’s different. And
I come out speaking English - you wouldn’t mistake me for a
Muslim.”Despite her own experiences, she had heard stories

of other Muslims being treated “rude and disrespectful”
(E4, 30y).

The Arabic-speaking participants did not share
experiences of language bias and had overwhelmingly

Table 1. Participant demographics of English- and Arabic-speaking interviews conducted in the emergency department.*

English
(n= 14)

Arabic
(n= 12)

Total
(N= 26)

Average age, years 33 39 38

ED visits in the last 12 months, mean 1.6 2.9 2.7

Place of birth (%)

In the United States 42.8 (6) 0 (0) 23.0 (6)

Outside the United States 57.2 (8) 83.3 (10) 69.2 (18)

Citizenship (%)

US citizen, by birth 50 (7) 0 (0) 26.9 (7)

US citizen, by naturalization 28.5 (4) 50 (6) 38.4 (10)

US citizen, born abroad by parents who are US citizen 14.2 (2) 0 (0) 7.6 (2)

Not a U.S. citizen 7.1 (1) 41.6 (5) 23 (6)

Health insurance (%)

Public insurance 92.8 (13) 83.3 (10) 88.4 (23)

Private insurance 7.1 (1) 16.6 (2) 11.5 (3)

Ethnicity (%)

Iraqi 14.2 (2) 25 (3) 19.2 (5)

Lebanese 78.5 (11) 16.6 (2) 50 (13)

Palestinian 0 (0) 8.3 (1) 3.8 (1)

Yemeni 7.1 (1) 50 (7) 26.9 (8)

Marital status (%)

Never married 28.6 (4) 8.3 (1) 19.2 (5)

Married 50 (7) 66.7 (8) 57.6 (15)

Divorced 14.3 (2) 8.3 (1) 11.5 (3)

Separated 0 (0) 8.3 (1) 3.8 (1)

Widowed 7.1 (1) 0 (0) 3.8 (1)

Religiosity (%)

Traditional 64.3 (9) 41.6 (5) 53.8 (14)

Neither traditional nor non-traditional 21.4 (3) 25 (3) 23 (6)

Non-traditional 7.1 (1) 16.6 (2) 11.5 (3)

Highest grade/degree completed (%)

8th grade or less 7.1 (1) 41.6 (5) 23 (6)

High school graduate/GED 50 (7) 8.3 (1) 30.8 (8)

Some college or associate’s degree 28.6 (4) 33.3 (4) 30.8 (8)

Bachelor’s degree or higher 14.3 (2) 8.3 (1) 11.5 (3)

Difficulty for you or your household to pay bills in last 12 months, (%)

Hard 50 (7) 33.3 (4) 42.3 (11)

Neither hard nor easy 35.7 (5) 0 (0) 19.2 (5)

Easy 7.1 (1) 50 (6) 26.9 (7)

ED, emergency department; GED, General Educational Development.
*Not all data add up to 100% because of missing data or rounding.
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Table 2. Supporting quotes from study participants.

Themes Illustrative quotes

I. Cultural representation and cultural
sensitivity mitigate experiences of
discrimination and promote feelings of
inclusion

• “They’re very understanding, especially around here in the community” (E13, 34y).
• “I feel like if I were to go out of state or anywhere, everybody would look at me differently, just

because I’m a Muslim” (E9, 20y).
• “Where we go we see racism so we don’t feel comfortable. Everywhere, not only in the hospital.

Thank God, I wasn’t treated with racism in the hospital. They treat everyone equally” (A1, 29y).
• “I have been here for a very long time, [doctors] never differentiate [between a non-Muslim and a

Muslim]” (A12, 49y).
• “[The doctors] are nice and they have mercy, it doesn’t make a difference for them if we are

Muslims or not : : : they have more mercy than we do” (A4, 60y).
• “I feel that [the doctors] are good : : : they deal in a nice way, they don’t discriminate whether you

are Sunni, Shia, American or Arab” (A7, 27y).
• “We all get treated the same [in the ED]” (E3, 33y).
• “When I came [to the ED], they treated me in a very nice way, in gynecology, they respect that I

wear a Hijab and they take care of me” (A12, 49y).
• “They’re very understanding [of my Hijab] especially around here in the community. Most of the

doctors know and they’re aware of all that, so they do whatever they can to accommodate it
(E13, 34y).

II. Assumptions about Muslim identity • “When you walk in and you’re covered : : : a male doctor will walk in, they do get a little ‘Are
you okay with [me being here]?’ or ‘Do you want us to, you know–?’ : : :but not if it wasn’t a
covered woman or a Muslim woman” (E2, 31y).

• “Just because they see you covered up doesn’t mean you don’t speak their language. I think they
have that mentality, but it’s far from the truth” (E8, 27y).

• “If they see I don’t have a wedding ring on and I’mMuslim, they’re like ‘Oh, so you’re not pregnant
for sure : : : she’s a virgin. She doesn’t drink. I’mgoing to quickly go over this question’ : : :whereas
people can be varying levels of religiosity depending on whether they wear the headscarf or not”
(E15, 24y).

III. Preference for a female clinician tends to
be specific to reproductive health

• “Some problems should only be discussed with a female doctor : : :woman to woman there’s
nothing to hide” (A5, 37y).

• “If they have to do the vaginal test, yes [would prefer a woman] : : :because we are Muslims”
(E11, 31y).

• “Because he is a stranger, you know that in our religion that’s not acceptable, it is Haram unless if
it is an emergency and her life is in danger, then it is acceptable : : : .I am only talking about genital
organs, but it is fine in other specialties.” (A8, 47y).

• “I think [clinician gender] doesn’t matter except if I am going to have a gynecological exam”

(A8, 47y).
• “If it is a female doctor, I feel more comfortable because we are the same” (A2, 34y).
• “When I gave birth to my eldest son, the female doctor wasn’t there, and I had to deal with a male

doctor, it was embarrassing but I accepted it because it was an emergency case” (A1, 29y).

IV. Preference for non-Muslim/non-Arab
clinician

• “I know that most of my race, subconsciously they will judge you regardless of if they tell you
they don’t : : : I don’t like to be criticized or judged or looked at in a certain way just because of
how I look or what I’m here for : : :what my blood results will come out to” (E2, 31y).

• “They prefer to go to aCaucasian or any other race of psychologists than one just like them, in fear
or worry that I will gossip in the community : : : and it works both ways. Like I would be scared too”
(E15, 24y).

• “I think there are a lot of girls that are younger. They get abortions. But they don’t have nobody to
talk to : : : especially being Arab, you can’t. You have to go somewhere nobody knows
about : : :The problem isn’t with the doctor. The problem is with the : : : whole environment. You
really can’t say much in Dearborn” (E3, 33y).

• “If I had done something or wanted to talk about it, I’ll beworried : : : if there’s people listening in the
hallway, or if someone recognizes me” (E15, 24y).

V. Marital status impacts ideas about
intercourse

• “In the past maybe like before I got married [preferred female doctor], before I had kids. But
after all that it’s like, they’ve seen everything. You’re just open about it. You don’t care
anymore” (E13, 34y).

• “[Intercourse] is [not permissible] in our religion : : :only with her husband” (A8, 47y).
• “Muslim girls don’t wear tampons if they’re not married yet” (E15, 24y).
• “You’re not supposed to do [pelvic exams] until basically you’re married” (E9, 20y).

VI. Religious permissibility for contraception • “I didn’t know that [birth control] had anything to do with religion” (E2, 31y).
• “I would never take birth control nor would I want my daughters to : : : it’s not that [Islam is] against

it. It’s not natural but then again, it is their choice but I would advise them don’t take it” (E10, 54y).
• “[Birth control] is not something people talk about that much, but people our age, I think it’s not a

big deal for us” (E15, 24y).

(Continued on next page)
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positive experiences to share when asked about feelings of
discrimination. One participant explained, “I don’t feel that
[non-Muslims are treated better] no : : : to be honest I would
like to thank the Americans in this regard : : : they respect
you” (A6, 47y). Another participant agreed saying, “I have
been here 17 years and I have never felt [discriminated
against in healthcare]” (A2, 34y). All of these sentiments
applied to their reproductive healthcare, as well as their
healthcare experiences in general.

II. Assumptions about Muslim identity. Although most
participants did not feel religiously discriminated against,
some shared feeling stereotyped by clinicians. Participants
explained how visible religious expressions, such as wearing
the hijab, led to clinicians making assumptions about their
preferences. “When you walk in and you’re covered : : : a
male doctor will walk in, they do get a little ‘Are you okay
with [me being here]?’ : : : but not if it wasn’t a covered
woman or aMuslim woman” (E2, 31y). Another participant
shared “just because they see you covered up doesn’t mean
you don’t speak their language. I think they have that
mentality but it’s far from the truth” (E8, 27y). These
assumptions may affect the care Muslim patients receive, as
one participantmentioned “if they see I don’t have a wedding
ring on and I’m Muslim, they’re like ‘Oh, so you’re not
pregnant for sure : : : she’s a virgin. She doesn’t drink.
I’m going to quickly go over this question’ : : :whereas,
people can be of varying levels of religiosity depending
on whether they wear the headscarf or not”
(E15, 24y).

Impact of Muslim Identity on Reproductive Health
Preferences, Beliefs and Behaviors

I. Preference for a female clinician tends to be specific to
reproductive health. Most participants preferred a female
clinician for discussions about reproductive health and
reproductive physical examinations. Participants explained
that “it is difficult for Arab women and especially those who
wear hijab to discuss [reproductive health] with male
doctors” (A1, 29y). Another participant agreed: “I always

prefer if it’s a woman if they are going to check private parts
and stuff” (E5, 50y).

The Arabic-speaking participants were more fixed than
the English-speaking participants about their preferences
for reproductive health clinician gender. As one participant
said, “I can’t expose my genital area to a male doctor.
That’s impossible : : : that is not acceptable” (A8, 47y).
Another participant indicated that in the past because of a
male clinician “[I] did [refuse a gynecological exam] one
time” (A5, 37y). Another Arabic-speaking participant
explained how the preference was influenced by traditions
more than just personal choice as, “some women don’t
accept if the doctor is male because of their traditions. In
Iraq, if we have an emergency, we accept to be examined by
a male doctor but when it comes to labor or gynecological
emergencies, some women can’t accept because their
husband don’t accept or because their religion or families”
(A1, 29y). However, participants overwhelmingly agreed
that in an emergency “if there is only a male doctor, I would
accept that. I have no choice” (A2, 34y). Other exceptions to
the preference for a female clinician only appeared in the
English interviews, as two participants mentioned that they
actually preferred male clinicians because “they’re very
gentle” (E4, 30y) and “women have a tendency to
overthink” (E10, 54y). They did not provide further context
into these beliefs.

When participants were asked to describe the best person
to care for their reproductive health, almost all participants
discussed character traits rather than gender. These included
traits like “listen[ing] and understand[ing]” (E12, 47y) and
“as long as they’re qualified and have a heart and can
understand what I’m going through” (E10, 54y). Gender
preference seemed to be related only to reproductive health,
as most participants reported that “if I am having a
gynecological exam, it should be a female doctor. But for any
other problems, there is no difference betweenmale or female
doctors” (A3, 57y). Another participant concurred that
“outside of the emergency [sic], if it is something related to
OBGYN, I would prefer a female doctor only. But for any

Table 2. Continued.

Themes Illustrative quotes

• “It is normal to take birth control pills, if I don’t want to get pregnant, it is totally fine to take birth
control pills” (A7, 27y).

• “If the woman is weak and can’t support a new pregnancy because of several previous
miscarriages, she should use birth control pills to protect her health or if the woman has
enough children, she should use them as well” (A8, 47y).

• “I’ve used contraceptive pills and that’s okay [in my religion]” (A11, 67y).
• “I don’t know what Islamic religion says about birth control pills but personally I used to take them

when I was in Lebanon. I didn’t think about religion at that time, but it is a bad thing to bring a baby
to this world if you can’t take care of him” (A12, 49y).

• “Religion is not against birth control pills : : : in fact it’s quite the opposite. It’s for these things,
because you can’t risk getting pregnant every day” (A9, 57y).

A, Arabic-speaking participant; E, English-speaking participant; ED, emergency department; y, age in years.
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other health problems, it doesn’t matter if it is a male doctor”
(A7, 27y).

II. Preference for a non-Muslim/non-Arab clinician.
Multiple participants discussed a desire for a non-Muslim/
non-Arab clinician while receiving reproductive healthcare,
citing concerns about privacy.One participant explained that
discussing her reproductive health with a Muslim or Arab
clinician would cause “fear or worry [about] gossip in the
community” (E15, 24y). Another participant agreed that
“subconsciously : : : [Muslim or Arab clinicians] will judge
you regardless of if they tell you they won’t” (E2, 31y).

Some participants shared beliefs that clinicians who did
not come from their community were better. For example,
one participant suggested that “people are so judgmental,
and I’mArabic, so trust me I know how they are : : : I lovemy
race : : : but I’d rather have a [clinician be a] nicewhite lady or
a nice black guy, Chinese, whatever : : : they’re good”
(E6, 47y). Another participant concurred, “I think that
Americans have more mercy than Arabs” (A8, 47y).

III. Marital status impacts ideas about reproductive
health. For many participants, marital status was vitally
important to reproductive health, because it provides an
important context for the role intercourse plays in their
religion, health, and healthcare. Many interviewees
emphasized that “[intercourse] is [generally not permissible]
in our religion : : : only with her husband” (A8, 47y). For
some participants, women who “had sex and [weren’t]
married : : : there’s no way in hell [they] could tell that to
anybody” (E3, 33y), indicating that the subject of sexual
activity is taboo andmay not be discussed readily, if at all, by
some Muslim women. Another participant explained this
further, describing, “I broke my virginity and I wasn’t
married. But I would still go talk to my gynecologist [who
was] an old white guy : : :And I made sure that I didn’t know
nobody that worked at that office” (E3, 33y). Similarly,
marital status also influenced ideas about general
reproductive health topics like menstruation since “Muslim
girls don’t wear tampons if they’re not married yet”
(E15, 24y). Another participant agreed, “you’re not
supposed to do [pelvic exams] until basically you’re
married” (E9, 20y).

IV. Religious permissibility for contraception. When
participants were specifically asked how their religious beliefs
impacted their choices around contraception, the responses
were overwhelmingly positive and emphasized religious
permissibility. As one participant explained, “No, [birth
control] won’t be considered against God or religion because
God knows how my health is. He knows that I can no longer
tolerate another pregnancy : : :We all know ourselves, maybe
we aren’t able to raise the children and to be responsible
about them. These pills aren’t against Islam at all” (A2, 34).
Another participant emphasized how these choices are
personal since, “I rather not [use birth control] because I
think [if a pregnancy is] meant to be, then it’s meant to be : : :

[These feelings are] just personal. If birth control works for
you then use it” (E6, 27). Not only did participants express
religious permissibility, but one participant articulated
religious necessity for the non-contraceptive effects of
contraception. “When I was like 14, we went to the Islamic
pilgrimage, Hajj. And to do that, I had to get on birth control
so that I don’t get my period there and miss the opportunity
to pray there” (E15, 24).

DISCUSSION
In this study, we aimed to explore Muslim women’s

reproductive healthcare experiences, preferences, beliefs, and
behaviors. We were able to elucidate key themes from
participants that can inform culturally sensitive care for this
population. More specifically, this exploration highlighted
the high proportion of Muslim representation in healthcare
in the community we sampled, which helped mitigate
discrimination and promoted inclusion. Previous studies in
minority populations have highlighted the need for cultural
representation and sensitivity as tools to better serve a
community.16 Yet there were drawbacks to the insular nature
of this community, such as the potential for loss of
confidentiality that may lead to stigma around reproductive
health behaviors. This influenced preferences for non-
Muslim clinicians for some participants. Other studies have
shown that minority communities receive better care from
members of their own community, but that cultural
concordance is not always possible.16–19 When not possible,
environments should be intentional in hiring a diverse
workforce to help increase the cultural knowledge of
clinicians outside the minority population. All clinicians,
including those who are religiously and culturally
concordant, should explore and be sensitive to their patients’
concerns about privacy, especially for taboo subjects like
reproductive and sexual health.

Interestingly, there were major differences that
dichotomized the results between English- and Arabic-
speaking participants, emphasizing the diversity of the
Muslim population. The concerns about privacy and
judgment were almost exclusively conveyed by the English-
speaking participants. The English-speaking group was
younger, more educated, and more likely to be native to the
US compared to the Arabic-speaking group. In this way, the
English-speaking participants may exhibit less traditional
beliefs and behaviors than other subgroups in their
community, such as older or immigrant women. The fact that
members of the Arabic-speaking group were more fixed in
their preference for a female clinician supports the idea that
this group may be more traditional. Although religiosity was
explicitly explored in our demographic survey, this is a
term that is both subjective and relative, making it difficult to
measure. This potentially explains the discrepancy
between our hypothesis and the results finding that the
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English-speaking group reported more traditional
religious beliefs.

Additionally, the Arabic-speaking participants overall did
not endorse feelings of discrimination while receiving
reproductive healthcare, despite the English-speaking
participants reporting that language barriers played a role in
their observation of discrimination against Arabic-speaking
Muslim women. The Arabic-speaking group was exclusively
born outside the US and likely had more experiences
receiving reproductive healthcare overseas. Their positive
reproductive healthcare experiences, contextualized in this
US-based study setting, may be attributed to social
desirability bias or ideas about superior healthcare in the
US.20 Furthermore, since the English-speaking group
predominantly identified as Lebanese, whereas the Arabic-
speaking group were largely Yemeni, it is difficult to
elucidate whether these differences were truly related to
Muslim identity and religiosity or rather inherent ethnic
dissimilarities. Although this study was focused on exploring
the experiences ofMuslimwomen, it is important to consider
the challenges in capturing data that can be purely attributed
to religious identity without being confounded by ethnic or
cultural nuances.

The majority of participants desired a female clinician for
reproductive healthcare in the EDunless it was an emergency
situation, consistent with previous studies that have
demonstrated this preference in almost all groups, regardless
of race or religion.21 Yet many of the participants discussed
certain personality traits, such as empathy and good listening
skills, as the most important attributes when describing the
best clinician for reproductive healthcare in the ED. This is
an idea that has been established in previous studies,
suggesting that it is not unique to Muslim patients to
prioritize clinician qualities over gender for reproductive
healthcare.22,23 Additionally, most participants agreed
that they did not have a gender preference when receiving
non-reproductive healthcare. Therefore, clinicians should
avoid assumptions about gender preference in the
Muslim patient population. This also emphasizes the need
for gender diversity in healthcare when possible and
creating policies to support patient clinician preferences
for reproductive health when it can be feasibly
accommodated.

Marital status was also found to dictate what was
permissible regarding reproductive health. Participants
discussed how sexual activity outside of marriage was largely
considered taboo with major potential consequences within
the Muslim community. This also influenced concerns
about menstruation and pelvic exams compromising
virginity. This is important knowledge for clinicians because
they may be a patient’s only confidant on these subjects.
It is also an area where clinicians can provide sexual health
education and address misinformation with sensitivity to
deeply held beliefs.

Lastly, this study helped elucidate Muslim women’s
attitudes toward family planning, an area well known to be
influenced by religious and cultural norms.24–26 Participants
conveyed beliefs about the religious permissibility of
contraception, as well as in some cases, religious necessity.
This is in line with a recent self-reported survey that
examined American Muslim’s contraception utilization
patterns, which demonstrated that Muslim respondents
reported higher contraception use than the national
proportion.27 Participants also emphasized that choices
about contraception were personal and should not be
influenced by others’ beliefs. These are important takeaways
because they demonstrate that family planning counseling
should be tailored to an individual’s motivations and
goals, rather than based on assumptions about cultural or
religious belief.28

Previous literature that has focused on cultural
competency in providing medical care to the Muslim
population has largely included generalizations about the
Muslim population, such as preference for a female clinician
or assumptions about sexual activity before marriage.29–31

This study focused on individual experiences that at times
contradicted these generalizations. Our finding aligns with
the cultural empowermentmodel of cultural competence that
emphasizes the dynamic nature of cultural competency.15

More specifically, “because of the specific nature of each
patient-clinician interaction within its particular social and
political environment, culturally competent behavior in one
context may be culturally incompetent in another.”15 This
provides a framework for providing care to the Muslim
population who exhibit a large range of diversity—such as
race, ethnicity, and language—that may heavily influence the
way one practices their religion.

LIMITATIONS
This study had several limitations. We enrolled English-

and Arabic-speaking patients from a single ED within a
predominantly Middle Eastern community; therefore, the
results may not be generalized to all Muslims. However, the
qualitative approach was designed to be exploratory and
generate hypotheses and future research questions that may
be evaluated for generalizability in the future. The
demographic survey and interviews in Arabic may have been
affected by participant comprehension and literacy or
translation nuances that changed the meaning of concepts,
which is a limitation of the study. Additionally, the
demographics of the interviewers may have affected the
sentiments our study participants felt comfortable sharing
due to social desirability bias. More specifically, AN was
younger and not visibly Muslim, so participants may have
spoken more freely about stigmatizing topics with her than
with MS, a lifelong member of the local Muslim community
who is a nurse at the study site.

Western Journal of Emergency Medicine Volume 24, No. 5: September 2023990

Exploring Muslim Women’s Reproductive Health Needs and Preferences in the ED Naseem et al.



CONCLUSION
Our findings contribute to the growing body of literature

focusing on cultural sensitivity in treating the Muslim
population. We found that cultural representation and
sensitivity among ED staff mitigated discrimination and
promoted inclusion for Muslim ED patients. However,
assumptions about Muslim identity also impacted the
participants’ healthcare. Most participants endorsed a
preference for a female clinician for their reproductive
healthcare in general, but not necessarily for other areas of
medicine. Clinician cultural concordance was not always
preferred by participants in this ED study due to fears
about the loss of confidentiality. Marital status impacted
beliefs about reproductive and sexual health in the context
of Muslim identity. Overall, family planning was acceptable
and encouraged in this patient population.

This study is unique because it emphasizes patient
preferences and focuses on female Muslims’ reproductive
health preferences, an area of clinical importance that has not
been thoroughly explored. Ultimately, our findings
underscore the need for future work to capture amore diverse
perspective of Muslim women and better elucidate the
reproductive health preferences and needs that are unique to
this population.

Address for Correspondence: Anum Naseem, MD, Wayne State
University School of Medicine, Department of Emergency Medicine,
540 E. Canfield Ave, Detroit, Michigan, 48201. Email: mmajed2@
hfhs.org

Conflicts of Interest: By theWestJEM 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: © 2023 Naseem 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/

REFERENCES

1. Wheeler SM. Racial and ethnic disparities in health and health care.

Obstet Gynecol Clin North Am. 2017;44:1–11.

2. Owen CM, Goldstein EH, Clayton JA, et al. Racial and ethnic health

disparities in reproductive medicine: an evidence-based overview.

Semin Reprod Med. 2013;31:317–24.

3. Association of American Medical Colleges. What you don’t know: the

science of unconscious bias and what to do about it in the search and

recruitment process. Available at: https://www.aamc.org/initiatives/

leadership/recruitment/178420/unconscious_bias.html.

Accessed April 12, 2020.

4. Committee on Health Care for UnderservedWomen. ACOGCommittee

Opinion No. 649: Racial and ethnic disparities in obstetrics and

gynecology. Obstet Gynecol. 2015;126:e130–34.

5. Butler M, McCreedy E, Schwer N, et al. Improving Cultural Competence

to Reduce Health Disparities [Internet]. Rockville (MD): Agency for

Healthcare Research and Quality (US); 2016 Mar. (Comparative

Effectiveness Reviews, No. 170.) Table 21, Cultural competence

models.

6. American College of Emergency Physicians. Cultural awareness and

emergency care. Ann Emerg Med. 2008;52:189.

7. Soares WEIII, Knowles KJII, Friedmann PD. A thousand cuts:

racial and ethnic disparities in emergency medicine. Med Care.

2019;57:921–3.

8. Padela AI, Gunter K, Killawi A, et al. Religious values and healthcare

accommodations: voices from the American Muslim community. J Gen

Intern Med. 2012;27:708–15.

9. MohamedB. A newestimate of the U.S.Muslim population. Available at:

http://www.pewresearch.org/fact-tank/2016/01/06/a-new-estimate-

of-the-u-s-muslim-population/. Accessed March 1, 2017.

10. de la Cruz GP, Brittingham A. The Arab population: 2000. Available at:

https://www.census.gov/prod/2003pubs/c2kbr-23.pdf.

Accessed January 25, 2021.

11. Ezenkwele UA, Roodsari GS. Cultural competencies in emergency

medicine: caring for Muslim-American patients from the Middle East.

J Emerg Med. 2013;45:168–74.

12. Padela AI, Curlin FA. Religion and disparities: considering the

influences of Islam on the health of American Muslims. J Relig Health.

2013;52:1333–45.

13. Yosef ARO. Health beliefs, practice, and priorities for health care

of Arab Muslims in the United States. J Transcult Nurs.

2008;19:284–91.

14. Padela AI, del Pozo PR. Muslim patients and cross-gender interactions

in medicine: an Islamic bioethical perspective. J Med Ethics.

2011;37:40–44.

15. Garrett PW, Dickson HG, Whelan AK, et al. What do non-English-

speaking patients value in acute care? Cultural competency from the

patient’s perspective: a qualitative study. Ethn Health.

2008 Nov 1;13(5):479–96. doi: 10.1080/13557850802035236.

PMID: 18850371.

16. Cooper LA, Roter DL, Johnson RL, et al. Patient-centered

communication, ratings of care, and concordance of patient and

physician race. Ann Intern Med. 2003;139:907–15.

17. Swartz TH, Palermo AS, Masur SK, et al. The science and value of

diversity: closing the gaps in our understanding of inclusion and

diversity. J Infect Dis. 2019;220:S33–S41.

18. LaVeist TA, Nuru-Jeter A, Jones KE. The association of doctor-patient

race concordance with health services utilization. J Public Health Policy.

2003;24:312–23.

19. Strumpf EC. Racial/ethnic disparities in primary care: the role of

physician-patient concordance. Med Care. 2011;49:496–503.

Volume 24, No. 5: September 2023 Western Journal of Emergency Medicine991

Naseem et al. Exploring Muslim Women’s Reproductive Health Needs and Preferences in the ED

mailto:mmajed2@hfhs.org
mailto:mmajed2@hfhs.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.aamc.org/initiatives/leadership/recruitment/178420/unconscious_bias.html
https://www.aamc.org/initiatives/leadership/recruitment/178420/unconscious_bias.html
http://www.pewresearch.org/fact-tank/2016/01/06/a-new-estimate-of-the-u-s-muslim-population/
http://www.pewresearch.org/fact-tank/2016/01/06/a-new-estimate-of-the-u-s-muslim-population/
https://www.census.gov/prod/2003pubs/c2kbr-23.pdf
10.1080/13557850802035236


20. BergenN, Labonté R. “Everything is perfect, and we have no problems”:

detecting and limiting social desirability bias in qualitative research.Qual

Health Res. 2020;30:783–92.

21. DeroseKP, HaysRD,McCaffrey DF, et al. Does physician gender affect

satisfaction of men and women visiting the emergency department?

J Gen Intern Med. 2001;16:218–26.

22. Turrentine M, Ramirez M, Stark L, et al. Role of physician gender in the

modern practice of obstetrics and gynecology: do obstetrician-

gynecologists perceive discrimination from their sex? South Med J.

2019;112:566–70.

23. Tam TY, Hill AM, Shatkin-Margolis A, et al. Female patient preferences

regarding physician gender: a national survey. Minerva Ginecol.

2020;72:25–9.

24. Pinter B, Hakim M, Seidman DS, et al. Religion and family planning.

Eur J Contracept Reprod Health Care. 2016;21:486–95.

25. Jackson AV, Karasek D, Dehlendorf C, et al. Racial and ethnic

differences in women’s preferences for features of contraceptive

methods. Contraception. 2016;93:406–11.

26. Hill NJ, SiwatuM, RobinsonAK. “My religion pickedmy birth control”: the

influence of religion on contraceptive use. J Relig Health.

2014;53:825–33.

27. Budhwani H, Anderson J, Hearld KR. Muslim women’s use of

contraception in the United States. Reprod Health. 2018;15:1.

28. Dehlendorf C, Grumbach K, Schmittdiel JA, et al. Shared decision

making in contraceptive counseling. Contraception. 2017;95:452–455.

Erratum in: Contraception. 2017;96:380.

29. HasnainM,Connell KJ,MenonU, et al. Patient-centered care forMuslim

women: provider and patient perspectives. J Womens Health (Larchmt)

2011;20:73–83.

30. HammoudMM,WhiteCB, FettersMD.Opening cultural doors: providing

culturally sensitive healthcare to Arab American and American Muslim

patients. Am J Obstet Gynecol 2005;193:1307–11.

31. Attum B, Hafiz S, Malik A, et al. Cultural Competence in the Care

of Muslim Patients and Their Families. [Updated 2021 Jul 7]. In:

StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;

2021 Jan.

Western Journal of Emergency Medicine Volume 24, No. 5: September 2023992

Exploring Muslim Women’s Reproductive Health Needs and Preferences in the ED Naseem et al.



Mixed-methods Evaluation of an Expedited Partner Therapy
Take-home Medication Program: Pilot Emergency Department

Intervention to Improve Sexual Health Equity
Emily E. Ager, MD, MPH*
William Sturdavant, MD*
Zoe Curry, MD†

Fahmida Ahmed, MD*
Melissa DeJonckheere, PhD*
Andrew A. Gutting, BS‡

Roland C. Merchant, MD, MPH, ScD§

Keith E. Kocher, MD, MPH*∥

Rachel E. Solnick, MD, MSc, MS§

*University of Michigan, School of Medicine, Department of Emergency
Medicine, Ann Arbor, Michigan

†Vanderbilt University Medical Center, School of Medicine, Department of
Emergency Medicine, Nashville, Tennessee

‡University of Michigan, Michigan Medicine, Department of Clinical Quality,
Ann Arbor, Michigan

§Icahn School of Medicine at Mount Sinai, New York, New York
∥University of Michigan, Institute for Healthcare Policy and Innovation,
Ann Arbor, Michigan

Section Editors: Erik Anderson, MD, and Mark Langdorf, MD, MHPE
Submission history: Submitted November 28, 2023; Revision received May 31, 2023; Accepted June 1, 2023
Electronically published August 25, 2023
Full text available through open access at http://escholarship.org/uc/uciem_westjem
DOI: 10.5811/westjem.59506

Background: Treatment for partners of patients diagnosed with sexually transmitted infections (STI),
referred to as expedited partner therapy (EPT), is infrequently used in the emergency department (ED).
This was a pilot program to initiate and evaluate EPT through medication-in-hand (“take-home”) kits or
paper prescriptions. In this study we aimed to assess the frequency of EPT prescribing, the efficacy of a
randomized best practice advisory (BPA) on the uptake, perceptions of emergency clinicians regarding
the EPT pilot, and factors associated with EPT prescribing.

Methods: We conducted this pilot study at an academic ED in the midwestern US between
August–October 2021. The primary outcome of EPT prescription uptake and the BPA impact was
measured via chart abstraction and analyzed through summary statistics and the Fisher exact test. We
analyzed the secondary outcome of barriers and facilitators to program implementation through ED staff
interviews (physicians, physician assistants, and nurses). We used a rapid qualitative assessment
method for the analysis of the interviews.

Results: During the study period, 52 ED patients were treated for chlamydia/gonorrhea, and EPT was
offered to 25% (95%CI 15%–39%) of them. Expedited partner therapy was prescribed significantly more
often (42% vs 8%; P< 0.01) when the interruptive pop-up alert BPA was shown compared to not shown.
Barriers identified in the interviews included workflow constraints and knowledge of EPT availability. The
BPA was viewed positively by the majority of participants.

Conclusion: In this pilot EPT program, expedited partner therapy was provided to 25% of ED patients
who appeared eligible to receive it. The interruptive pop-up alert BPA significantly increased EPT
prescribing. Barriers identified to EPT prescribing should be the subject of future interventions to improve
provision of EPT from the emergency department. [West J Emerg Med. 2023;24(5)993–1004.]

Volume 24, No. 5: September 2023 Western Journal of Emergency Medicine993

ORIGINAL RESEARCH

http://escholarship.org/uc/uciem_westjem
https://doi.org/10.5811/westjem.59506


INTRODUCTION
In 2020, there were 677,769 cases of gonorrhea in the

United States, an increase of 111% since 2009,1 and 1.58
million cases of chlamydia. Emergency department (ED)
visits for bacterial sexually transmitted infections (STI) in the
US are also increasing in frequency.2 The ED is a critical
access point for STI care. Patients presenting to the ED for a
possible STI are more likely to be positive for a STI
than those visiting an outpatient clinic.3 Treatment of a
patient’s partner is also crucial, particularly for female
reproductive health, as there is an estimated 14% rate
of chlamydia reinfection,4 which can lead to
severe complications.5

Expedited partner therapy (EPT) is one method to reduce
STI re-infection. It is a safe and effective harm-reduction
practice of treating the sex partner(s) of patients with STIs
without a clinical examination.6 Large, multisite,
randomized trials have shown that EPT is superior in
preventing reinfection compared to standard partner
referral,7,8 and meta-analyses9,10 have found that patients
offered EPT had a reduction in persistent or recurrent
gonorrhea or chlamydia infections; notably, two of these
studies involved ED patients.7,8 Additionally, EPT may
decrease population increases in chlamydia at the
state level.11

Expedited partner therapy is supported by health
organizations5 including the American College of
Emergency Physicians.12 There have been no adverse drug
events reported in prior studies of EPT9 or in over a decade of
monitoring by the California Department of Health.13While
used in most publicly funded family planning clinics in the
US,14 EPT is infrequently provided in the inpatient
setting15–17 or in EDs.18 Medical directors have reported
poor knowledge of how to prescribe EPT,18 and emergency
clinicians’ ability to prescribe EPT medications can vary
greatly.18 Many state regulations prohibit EPT medication
costs from being charged to an index patient’s health
insurance policy. To address the barrier of a partner’s access
to STI treatment, two promising approaches for EDs include
either to distributemedication-in-hand (“take-home”) kits or
paper prescriptions for the patient to give to their sex
partner(s). However, research evaluating these approaches in
the ED is lacking.

To investigate possible solutions to EPT implementation
in EDs we implemented a pilot program at a single ED to
dispense both take-home kits and paper prescriptions.
Emergency clinicians were interviewed about their
perceptions of the pilot and assessed the frequency of EPT
prescribing. In addition, we examined the efficacy of a best
practice advisory (BPA) to encourage prescribing. Lastly, we
explored variations in EPT prescribing by patient
demographic factors, health insurance status, clinician type,
and STI testing results.

METHODS
Setting and Participants

The pilot study was conducted between August–October
2021 at an academic ED in the midwestern US with a patient
volume of over 100,000 visits per year. In Michigan, EPT is
legal and encouraged by theMichiganDepartment of Health
and Human Services (MDHHS) for chlamydia, gonorrhea,
and trichomoniasis.19 Before the onset of this pilot study, the
MDHHS began a US Centers for Disease Control and
Prevention (CDC) grant-funded initiative to increase
statewide use of EPT, which included donating EPT
medications to several EDs in the state for index patients to
deliver to their partner(s) via take-home kits. The EPT
medications were based on CDC guidelines on the
presumptive treatment of gonorrhea and chlamydia using an
oral-only regimen.6

The MDHHS obtained these medications from a
pharmacy distributor and repackaged them into pre-labeled
kits with information and instructions for EPT. To abide by
drug safety regulations regarding the transfer ofmedications,
a T3 document in which a drug manufacturer details all
product information to a new recipient, was obtained and
approved by the ED pharmacy. The take-home kits were
then delivered to the ED in packages for either potentially
pregnant (containing cefixime and azithromycin) or not

Population Health Research Capsule

What do we already know about this issue?
Despite rising rates of sexually transmitted
infections (STI), EDs rarely use expedited
partner therapy (EPT), which can decrease
recurrent STIs.

What was the research question?
What are the barriers and facilitators of take-
home EPT and the effect of a best practice
advisory (BPA) on EPT use?

What was the major finding of the study?
In 25% of eligible patients EPT was used—
more when BPA was shown vs when not,
42% vs 8%, P < 0.01.

How does this improve population health?
Partnering with a local health department to
offer take-home EPT to patients empirically
treated for STIs would expand treatment to
high-risk populations.
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pregnant (containing cefixime and doxycycline) patients.
Pregnancy status was based on ED serum or urine
testing. This study was approved by the study site’s
institutional review board (HUM00199376)
and (HUM00196451).

Pilot Expedited Partner Therapy Program
The mechanism of the EPT pilot is detailed via a swim-

lane process map (Figure 1). As part of a larger quality
improvement initiative, a sexual health EHR orderset was
created to assist emergency clinicians with ordering lab tests
and treatment for patients being evaluated for STIs
(Appendix 3). The orderset provided a link to an EPT
protocol and the following: 1) standardized EPT
prescriptions for printing on plain paper; 2) progress note to
indicate the provision of EPT; and 3) EPT discharge
instructions and resources to find local low or no-cost sexual
health clinics.

With assistance from ED pharmacy leadership, an
ED-specific protocol was designed to dispense EPT kits. For
the “take-home” medication kits, the clinician printed the
EPT prescriptions, brought the prescriptions to the ED

pharmacy located adjacent to the clinician’s workspace, and
then the pharmacist took the kit to the patient and provided
medication counseling. Emergency clinicians could offer
patients EPT paper prescriptions as an alternative to the kits.
At the time of the pilot, Michigan law still allowed plain
paper prescriptions for non-controlled substances.20

Clinicians could choose either approach per the protocol.
A best practice advisory (BPA) was also created as an

interruptive alert designed to appear when clinicians
empirically treated patients for gonorrhea and chlamydia
(Appendix 4a). The interruptive BPA appeared with the
following trigger criteria: 1) patient was ≥18 years in age;
2) gonorrhea or chlamydia test was ordered; and
3) ceftriaxone and azithromycin or ceftriaxone and
doxycycline were ordered. Metronidazole ordering was
initially included as a BPA trigger criterion but was later
removed as it too frequently triggered the BPA for patients
treated for bacterial vaginosis. Additionally, a non-
interruptive alert appeared in the EHRDischarge Navigator
for all trigger criteria patients if EPT had not been ordered to
notify clinicians that the patient was eligible for EPT
(Appendix 4b). Prescribing clinicians received the BPA;

Figure 1. Swim-lane process map of the expedited partner therapy (EPT) pilot program.
This swim-lane process map depicts the EPT program responsibilities represented by horizontal swim lanes organized by the role of the
stakeholder: emergency department (ED) patient, clinician, ED pharmacy, Department of Health, and partner. Based on the interviews and
additional discussion with theMichiganDepartment of Health and HumanServicesMDHHS and ED pharmacy over the course of the project,
four phases for pilot implementation are displayed across the top of the process map by major activity domains: 1) supply and preparation,
2) patient selection, 3) clinician adoption and patient counseling, 4) patient delivery to partner. Captions underneath the map summarize key
points of the corresponding section.
STI, sexually transmitted infection; EPT, expedited partner therapy; ED, emergency department; Rx, prescription.
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nurses did not receive the BPA.To evaluate the efficacy of the
interruptive BPA, it was programmed to appear randomly
for approximately half of ED visits that met trigger
criteria (1:1 randomization of visits, BPA alert, or no BPA
alert appearance).

Before the BPA introduction, the pilot EPT program
elements were presented at ED faculty, nursing, and
physician assistant (PA) meetings and EM residency
didactics, followed by emails of presented materials. In
addition, ED pharmacy staff posted the protocol and
educational materials on a bulletin board in a high-trafficked
area of the ED.

ED Staff Interviews About the Pilot EPT Program
Structured interviews were conducted with emergency

clinicians caring for EPT-eligible patients to explore barriers
and reasons for EPT uptake. We used purposive sampling to
interview the attendings, residents, PAs, and nurses who
cared for EPT-eligible patients. Each clinicianwas invited via
email to a telephone interview within 72 hours of the
patient’s visit. Participants could participate in only one
interview, even if they had provided care to multiple
EPT-eligible patients.

An independently generated, semi-structured interview
guide was prepared using elements from the Consolidated
Framework for Implementation Research (CFIR)21 and
publishedmanuscripts on EPT implementation.22–24 There is
currently no validated interview guide related to EPT. The
interview guide was pilot-tested and iteratively revised with
three clinicians unaffiliated with this project by conducting
cognitive-based assessments using the “think-aloud”25

approach to ensure comprehension and fidelity to the
question intent (Appendix 1). Each telephone interview
began with questions on the participant’s background, as
well as their EPT knowledge and beliefs. Participants were
then asked about their recent EPT-eligible patient encounter,
including reasons for prescribing or not prescribing EPT and
any barriers or facilitating factors they encountered with the
EPT process. The final portion of the interview included
questions regarding the BPA. Three multiple-choice
questions were also incorporated to introduce each interview
topic. Interviews were recorded using a Health Insurance
Portability and Accountability Act (HIPAA)-compliant
audio call (Zoom Video Communications, Inc, San Jose,
CA), auto-transcribed via Zoom closed captioning, and
saved to a password-protected website for 150 days.
Participants were aware of the subject of the interview before
agreeing to participate. They were not compensated. Each
interview was 10–15 minutes in duration.

The lead researcher RS is an emergency physician with
formal training in qualitative methods and health services
research. The interview team was composed of nine
individuals: one expert in qualitative methodology who
guided the analytical approach (MD); three resident

physicians (AK, EA, WS); and four medical students (AR,
JL, LD, ZC). All interview team members received training
in the rapid assessment qualitative methodology from the
lead researcher. RS did not conduct any of the interviewers.
None of the interviewers had a supervisory role related to
participants. Interviewers were not compensated.

Outcomes
The primary outcome was EPT provision and the impact

of the BPA on EPT use. We examined variations in EPT
ordering by patient demographic factors, insurance status,
clinician type, and STI testing results as an exploratory
outcome. The secondary outcomes were barriers and
facilitators to EPT program implementation, which were
assessed through ED clinician interviews. These methods are
described in further detail below.

Analysis of Expedited Partner Therapy Provision
An electronic health report (EHR) prompt (EPIC Systems

Corporation, Verona,WI) was created to automatically send
same-day, daily emails to the research team about ED visits
that met the previously described criteria for the interruptive
pop-up alert BPA. Each of these ED visits’ EHRAssessment
and Plan section were reviewed by a research assistant to
confirm that the patient was being treated for a presumed STI
rather than for another bacterial infection. For ED visits that
met these study criteria, research assistants extracted the
following data elements: patient demographics (age, gender,
race/ethnicity, insurance payer, STI testing results); clinician
demographics (resident, attending or PA); and whether the
clinician had been exposed to the interruptive BPA for EPT.
Summary statistics are reported with the frequency of each
category by EPT ordering. We conducted univariable
analysis with the Fisher exact test comparing distributions by
receipt of EPT. Proportions are calculated with a logit
transformed 95% confidence interval (CI). We performed
statistical analyses using Stata version 16 (StataCorp LLC,
College Station, TX).

Analysis of Interviews with Emergency Department Staff
We analyzed data using a rapid assessment method.26

During the interviews, researchers paraphrased responses in
real-time or transcribed select quotes verbatim immediately
following the interview, with assistance from the auto-
transcription and Zoom recording. Interviewers also coded
the data immediately following each interview. Interviewees
were emailed a list of their reported verbatim quotes and
asked to comment on the accuracy of their quotes and
provide any needed corrections. Codes were created
according to aCFIR-based coding scheme and prior relevant
EPT literature.22,23,27,28 Interviewers iteratively added codes
to reflect new ideas not included in the a priori coding scheme
until data saturation was achieved. Themes were derived
deductively and organized by CFIR domains, with
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additional themes added based on patterns in the coding
elements. Two reviewers (EA, WS) independently evaluated
the coded data to identify patterns, while a third (RS)
reconciled any discrepancies. We used the Standards for
Quality Improvement Reporting Excellence (SQUIRE 2.0)
and Consolidated Criteria for Reporting Qualitative
Research (COREQ) reporting guidelines as a framework for
reporting data (Appendix 2).29,30

RESULTS
Expedited Partner Therapy Provision

During the study period, 52 ED patients were tested and
empirically treated for STIs at the study institution. Their
demographic characteristics are provided in Table 1. Only

physician residents or PAs were the prescribing clinician
type, which is typical at this academic institution. Of the 52
patients, 14 patients (27%; 95% CI 16–41%) had a lab-
confirmed test for either gonorrhea, chlamydia, or
trichomoniasis, and 13 patients (25%; 95% CI 15–39%) were
provided with EPT. Of the 14 patients with a lab-confirmed
test for either gonorrhea, chlamydia, or trichomoniasis, three
(21%; 95% CI 6–53%) received EPT. The EPT prescribing
did not differ by demographics, the type of emergency
clinician involved in the patient’s ED visit, or whether the
patient had a lab-confirmed test for either gonorrhea,
chlamydia, or trichomoniasis. However, EPTwas prescribed
significantly more frequently when the prescribing clinician
had been randomly shown the interruptive pop-up alert BPA

Table 1. Expedited partner therapy utilization and characteristics of ED patients presumptively treated for sexually transmitted infections.

Total % (n) EPT not ordered % (n) EPT ordered % (n) P-value

N= 52 75% (39) 25% (13)

Patient factors

Age 30 (9) 30 (10) 29 (5) 0.66

Female 56% (29) 54% (21) 62% (8) 0.75

Race 0.090

White 48% (25) 56% (22) 23% (3)

Black 40% (21) 33% (13) 62% (8)

Asian 6% (3) 5% (2) 8% (1)

Other 4% (2) 3% (1) 8% (1)

Missing 2% (1) 3% (1) 0% (0)

Insurance 0.37

Private 48% (25) 51% (20) 38% (5)

Medicaid 31% (16) 31% (12) 31% (4)

Medicare 4% (2) 3% (1) 8% (1)

Self-Pay 4% (2) 3% (1) 8% (1)

Missing 13% (7) 13% (5) 15% (2)

Has PCP 54% (27) 53% (20) 58% (7) 1.00

Lab-confirmed STI 27% (14) 28% (11) 25% (3) 1.00

Chlamydia 10% (5) 8% (3) 15% (2) 0.59

Gonorrhea 12% (6) 13% (5) 8% (1) 1.00

Trichomoniasis 8% (4) 10% (4) 0% (0) 0.56

Clinician factors

ED Prescribing clinician type

Physician resident 44% (23) 36% (14) 69% (9) 0.054

PA 46% (24) 51% (20) 31% (4) 0.34

Exposure to BPA

Shown BPA 50% (26) 38% (15) 85% (11) 0.009

Not shown BPA 50% (26) 62% (24) 15% (2)

P-value is calculated from the Fisher exact test.
EPT, expedited partner therapy; PCP, primary care physician; PA, physician assistant, BPA, best practice advisory; STI, sexually
transmitted infection.
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(11/26; 42%) compared to when there was no BPA shown (2/
26; 8%) (P < 0.01).

Interviews with Emergency Department Staff About
Expedited Partner Therapy

Of the 106 emergency clinicians invited to be interviewed,
20 participated (Table 2). Of the 20 interviewees, 11 were
attending physicians, five were emergency medicine
residents, two were PAs, and two were nurses. Thirteen were
female. Additional representative quotes are displayed in
Table 3, and key considerations are summarized by their
respective roles on the process map (Figure 1).

Outer Setting (Patient Needs and Resources, External
Policy and Incentives)
Improving STI Treatment

Many participants noted the public health benefit of EPT
and the unique role the ED has in caring for underserved
patients. Most remarked that it was important for EDs, in
general, to prevent STI reinfection and that EPT is effective
in preventing STI reinfection in ED patients.

I think this could be really helpful to lots of EDs; we see
limited encounters for this indication, but for those we
do see it has the potential to be very valuable
especially if we bring this to patients in a non-
judgmental way. [EPT is] very important - we see lots
of folks that don’t have a primary care doctor or
gynecologist. We have the opportunity to educate,
treat, [and] prevent the long-term sequelae of these
types of infections. (Participant 9)

Inner Setting (Culture, Structural Characteristics, Access to
Knowledge and Information, Implementation Climate)
Unfamiliarity, Increased Workload

Frequently mentioned inner-setting characteristics
included knowledge of the basic concept of EPT and time
constraints in using it. Almost all participants were able to
accurately or at least partially define EPT. Although most
participants were familiar with the concept, only about half
knew how to order EPT at the study site.

I didn’t know the program existed and did not know how
to use the order set or that it was available. (Participant 8)

While the majority were supportive of having EPT
available as an option, the extra work involved in education
was cited by several participants as a barrier. They stated that
some patients may not understand STIs and thus need extra
counseling. Especially in a busy ED, the extra time involved
in bridging these knowledge gaps was undesirable.

[A barrier is] explaining to the patient how to explain
to partner, which can be challenging : : : not
insurmountable. (Participant 19)

Culture at the study site was also frequently cited as a
barrier. These clinicians stated that EPT is not a common
practice and it was challenging to remember to use it.
Further, several participants viewed EPT as less impactful in
EDs with a lower volume of STI visits.

It feels strange towrite a prescriptionwithout a name on it.
Giving it to someone you’ve never met or interacted with
feels strange; it’s a change in practice. (Participant 1)

Participants also mentioned ways to change this culture.
Two clinicians stated that incorporating EPT into the
standard of practice is the best long-term solution for
clinicians to order EPT consistently.

I think everyone just needs to do it once, and then it will be
a part of our practice. The volume of us seeing an exposure
needs to grow and then just knowing to do it from now on.
(Participant 6)

Table 2. Characteristics of physicians, physician assistants, and
nurses who participated in clinician interviews.

Participant characteristic Number (%)

Self-identified gender

Male 13 (65)

Female 7 (35)

Age (years), median (range; IQR) 35
(27–61; 32–43)

20–29 3 (15)

30–39 11 (55)

40–49 2 (10)

50–59 2 (10)

60–69 2 (10)

70+ 0 (0)

Role in ED

MD/MBBS 16 (80)

Physician (attending) 11 (69)

Physician (resident) 5 (31)

Physician assistant 2 (10)

Registered nurse 2 (10)

Years in practice post-residency (years),
median (range; IQR)

3.5 (0–37; 0–13)

0 5 (25)

1–9 9 (45)

10–19 3 (15)

20+ 3 (15)

ED, emergency department;MBBS, Bachelor of Medicine, Bachelor
of Surgery; IQR, interquartile range.
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Table 3. Representative clinician quotes regarding expedited partner therapy organized by CFIR* domain and constructs.

CFIR domain CFIR constructs Topic Representative quote

Outer setting Patient needs and resources, external
policy and incentives

Improving STI
treatment

It is super important [to prevent STI reinfection] to
public health and to the health of our patients, and to
lowering the barriers they have to medical care.
(Participant 5)

[We] see patients who don’t interact with the medical
system frequently – we are a point of contact for them
and have the opportunity to give them this intervention
that improves public health. (Participant 20)

I think it’s capturing a group of patients we don’t always
see in the ED. (Participant 18)

I think it would be helpful from a community health
perspective, and [it] would help limit the spread of
disease. (Participant 10)

Inner setting Culture, structural characteristics, access
to knowledge and information,

implementation climate

Unfamiliarity,
increased
workload

[A barrier is] thinking about doing it. (Participant 5)

Unfortunately, [a barrier is] just the extra work involved.
(Participant 16)

I still think it’s weird to write a prescription for someone
I haven’t seen as a patient but I am not opposed to
doing it. (Participant 1)

It’s not entirely up to the ED but we should play a role
and take advantage of the tools available to us,
including EPT. (Participant 16)

The long-term answer is that it becomes [the] standard
of care. (Participant 4)

Characteristics
of individuals

Knowledge and beliefs about the
intervention

Unseen
partner,
uncertain
delivery

I’m concerned mostly for safety – if they are allergic,
[have a] drug reaction, or some type of kidney disease
that’s undiagnosed. (Participant 15)

I think if they leave with medications in hand that’s
better because there’s less steps. (Participant 17)

More options are better. I like the idea of giving
medication more as getting medications seems easier.
(Participant 5)

It would be great if it makes it to the intended
individual. Do they actually get the medication?
(Participant 12)

What would happen if you gave a script to someone
whose allergies you can not check? (Participant 19)

Intervention
characteristics

Complexity, cost Take-home
program,
distribution

This BPA should exist because it is for [an] intervention
that, without a hard-stop reminder, it would not be
prescribed otherwise. (Participant 20)

[The] take-home med kit is preferable; [it] reduces extra
step for [the] patient to give [the] partner a prescription
[and] to fill that prescription. (Participant 20)

The patient was discharged and was in a hallway spot
waiting for 30–40 minutes waiting for the medications;
the patient almost left without medications because he
was ready to go. (Participant 15)

(Continued on next page)
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Characteristics of Individuals (Knowledge and Beliefs About
the Intervention)
Unseen partner, uncertain delivery

One clinician expressed reluctance related to treating a
patient’s partner when the index patient had an unconfirmed
STI status.

A limitation is that we don’t have confirmed test results
and so without results, I may at times feel reluctant to
send a partner home with a kit. (Participant 5)

Medication cost when filling paper prescriptions was also
listed as a reason for a reluctance to order EPT.

I have concerns that the medications cost a lot of money
and we may be adding a burden to the patient.
(Participant 8)

Aminority of clinicians were concerned about prescribing
for someone they hadn’t evaluated as a patient and adverse
medication effects or allergies. When asked about the EPT
take-home kit, a participant stated,

Some [doctors] may be reluctant to do that because they
haven’t been able to examine the patient’s partner.
(Participant 10)

Intervention Characteristics (Complexity, Cost)
Take-home Program, Distribution

Participants preferred the take-home EPT kits over paper
prescriptions due to the fewer steps for treatment of sex
partners but recognized it was likely a shared decision
between patient and clinician.

It depends on the patient’s situation. You need to discuss
with the patient if they are willing or want to dispense
medication to a partner or if a prescription will be
effective. (Participant 16)

A process barrier observed by some participants was a
delay in the ED pharmacist filling the take-home EPT kit,
with one clinician noting that the patient had to wait 30
minutes after discharge for the kit.

Factors outside the control of emergency clinicians,
including the patient’s actions, were frequently cited as
barriers to the implementation of EPT. Half of the
participants were concerned that the success of EPT
depended on patient factors, such as delivering the take-
home kit to their sex partner or filling the paper prescription.
They worried that the patient would no longer have contact
with their sex partner or would not deliver the take-home kit
or prescription to their sex partner.

The biggest [barrier] is if they can’t get in touch with their
partner again - I don’t even know this partner so I’m not
going to give them the prescription. (Participant 6)

Intervention Characteristics (Design Quality and
Packaging)
Orderset, Best Practice Advisory

Participants noted the simplicity of finding and navigating
the EPT EHR orderset. When asked “what went well with
the EPT process in the ED,” a quarter indicated it was “easy
to use.” Participants stated that the orderset was
straightforward, well-designed, and easy to find in the EHR.
The EPT-specific discharge instructions were also considered
efficient and helped with patient education.

Perspectives on BPAs were mixed but generally positive.
Almost half of the participants suggested using a BPAwhen
asked how to implement ED-based EPT. When asked,
“how do you feel about a reminder BPA for EPT that pops
up when you order empiric therapy,” there were 13
responses for “appreciate it as a reminder,” seven responses
for “like,” and four responses for “don’t like.” Participants
also stated that they support BPAs that are more “patient-
centered” rather than intended for financial or medicolegal
purposes.

Table 3. Continued.

CFIR domain CFIR constructs Topic Representative quote

Design quality and packaging Orderset, best
practice
advisory

As I recall the orderset was pretty straightforward.
(Participant 12)

BPAs would be the best reminder; if you want people
to pay attention and do something you need a BPA.
(Participant 8)

I’m sure it’s helpful but more BPAs are painful. The
more times I’m interrupted the more I’m likely to make
a mistake on the thing I wanted to do. (Participant 4)

*CFIR,Consolidated Framework for Implementation Research;STI, sexually transmitted infection;MBBS,Bachelor of Medicine, Bachelor of
Surgery; IQR, interquartile range; BPA, best practice advisory.
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I think the BPA is the most streamlined way to do it; if
there wasn’t a hard stop I may not have written the
prescription in this circumstance; I know some people
are against BPAs in general but I liked it. I think if
we’re really trying to implement this, a hard-stop BPA
is the best way to not miss these prescriptions. It is
probably the most effective way. (Participant 18)

Several participants had conflicted feelings toward a
“hard-stop” BPA, stating that clinicians already encounter
numerous BPAs, which can be disruptive to clinician
workflow. Conversely, several stated they would support
a “hard-stop” BPA since the intervention may be
otherwise forgotten.

I’m conflicted about it. I dislike BPAs probably because of
how many we have. So, adding another one makes me
cringe. But if there’s a way to do it at the time of
discharge rather than during the encounter then I
wouldn’t hate it. (Participant 17)

Additional non-BPA-based suggestions for early
adoption included encouraging attendings to remind
residents to use EPT, involving the ED pharmacist more
extensively in the EPT process, and having a “standing
nursing order” to order EPT medications.

DISCUSSION
This pilot study demonstrates the feasibility of

a novel ED-based, EPT take-homemedication pilot program
and the effectiveness of EHR interventions to facilitate
adoption. We examined EPT use among all patients
being presumptively treated for gonorrhea or chlamydia, as
well as the efficacy of an interruptive BPA for EPT.
While the BPA greatly increased EPT prescribing, EPT was
only offered to 25% of EPT-eligible ED patients.
This low level of EPT prescribing was surprising, especially
given that most interviewees accurately conveyed
the concept of EPT and supported its provision from
the ED.

The low level of EPT ordering may be due to several
factors. First, there was an educational gap in how to order
EPT; half of the participants stated that they did not know
how to order EPT. Second, patients offered EPT may have
declined, which this study could not measure. In a survey of
pediatric ED patients, participants uninterested in EPT cited
that they were concerned for partner safety, wanted the
partner to get a diagnosis, or felt EPTwould detract from the
partner’s accountability.31 Third, low use may have been
related to logistical difficulties involved in providing take-
home medications. Although clinicians preferred take-home
kits over paper prescriptions, they also recalled the long
process of kit distribution, possibly due to pharmacists’
unfamiliarity with the process.

In the future, this will be an essential consideration, as
delays in providing the medication in hand are a potential
back-end issue. Addressing this concern may not only
increase order rates among clinicians but increase efficiency
and prevent delays in care. Fourth, emergency clinicians
could have forgotten to prescribe EPT, as evidenced by
interviewees who reported that remembering to prescribe
EPT was challenging. The interruptive BPA likely reduced
this issue. The non-interruptive BPA in the Discharge
Navigator used in this project was probably overlooked, as
none mentioned seeing it.

Despite mixed feelings among clinicians toward BPAs in
general, the majority supported an EPT-specific BPA, with
nearly half suggesting using a BPA to increase EPT ordering.
Further, the over two-fold increase in EPT ordering during
BPA-exposed visits supports its efficacy for EPT
implementation. This study adds to the growing research on
clinician acceptability32 of using BPAs to improve patient
care.33–38 A study from an urban ED including 75,901
patients demonstrated that a targeted BPA increased syphilis
screening by 124% compared to clinician-initiated testing.39

However, BPAs are known to contribute to alarm fatigue40

and must be designed to minimize inappropriate
interruptions.41 Future work on EPT prescribing
may investigate when to discontinue a BPA as clinician
familiarity increases.

Only three patients out of the 13 provided EPT had a lab-
confirmed STI, suggesting presumptive EPT may lead to
overprescribing. A potential solution to improve the
accuracy of ED-based EPT provision is rapid testing for
chlamydia and gonorrhea.42–45 On the other hand, EPT
could still be appropriate even when lab testing is negative if
the patient was tested before the test could accurately detect
the infection (ie, a “window period” after exposure).Without
rapid testing, many EDs have developed dedicated follow-up
teams to address positive test results after ED discharge.
Offering EPT during such follow-up interactions could help
target EPT to patients with lab-confirmed infections.

An innovative aspect of this EPT program was the ability
to provide “take-home” EPT kits. While EPT has been
demonstrated to increase follow-up rates with the index
patient’s partner and reduce reinfection rates among the
index patient,46 prior studies have found that the total rate of
treatment of the patient’s partner is still relatively low, owing
in part due to low prescription filling rates, sometimes found
to be less than 50%.47,48 This study demonstrates onemethod
for addressing this back-end issue: providing take-home
medications rather than a written prescription. This would
reduce the impact of one major limiting factor in the
completion of treatment. For this reason, the CDC
recommendations on EPT state a preference for take-home
medications.6 Other studies have shown the benefit of “med
to bed” or “take-home” programs to facilitate medication
compliance when there is concern about a patient’s
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access, such as in anticoagulants and medications for
opioid use disorder.49–51

Although other ED “take-home” medications may be
charged to a patient’s healthcare insurance plan, this
mechanism is not currently possible for EPT, as most health
insurers will not pay formedication for anyone other than the
covered individual. One known exception is California,
where, since February 2020, the state Medicaid provider –
including Medi-Cal and Family PACT insurance – must
cover partner EPT medications for low-income patients.52,53

Additionally, certain family planning clinics, health
department STI clinics, and Federally Qualified Health
Centers pay for EPTmedications via governmental grants.54

Given disparities in healthcare access among patients who
receive STI care in EDs,55,56 expanding ED-EPTmedication
funding mechanisms (such as the Michigan Department of
Health’s provision of medications in this current study), and
insurance regulatory changes (such as California’s Medicaid
regulations) to other states would increase EPT provision.

LIMITATIONS
Limitations of this study include the small sample size,

which reduced the ability to identify differences between
groups if they existed. External validity is limited because the
study was conducted at one ED whose population, setting,
and resources may be different from other settings.
Additionally, the overall low response rate to the interview
invitation introduced the potential for selection bias. Due to
limitations in data collection based on daily EHR reports,
data was collected only on how many patients received EPT
rather than how many patients may have been offered but
then declined EPT. In addition, the ability of this EPT
program to provide paper prescriptions could be unique.
Electronic medication prescription is the norm in the US,57

although some states allow paper prescriptions for EPT.58 In
addition, the BPA did not trigger for patients being treated
for trichomonas, as this infection was too infrequently
diagnosed in this ED and keeping metronidazole as a trigger
criterion significantly decreased the sensitivity of the
screening for eligible patients.

Given the limits of this pilot study methodology, patients’
compliance to provide the “take-home” kits or paper
prescriptions to their partners, if the paper prescriptions were
filled, or if the medications were taken is unknown. The lack
of follow-up limited our ability to confirm medication
adherence and completion of treatment in this patient
population. Prior randomized control trials with follow-up
that also tracked subsequent STI infections have found a
range in the number needed to treat (NNT) to prevent
recurrent or persistent chlamydia or gonorrhea in the index
patient, from five in a study of heterosexual men46 to 33 in a
study of women and heterosexual men.7 Our current study
lacks the follow-up to make any conclusions on NNT or
completion of treatment once provided.

CONCLUSION
In this pilot, expedited partner treatment program, EPT

was provided to 25% of ED patients who appeared eligible to
receive it. The interruptive best practices advisory increased
EPT prescribing more than two-fold. Multiple barriers to
EPT prescribing from this ED were identified, which can be
the subject of future interventions to improve provision of
EPT to patients in the ED.
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