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Emergency medicine is a specialty which closely reflects societal challenges and consequences of public policy
decisions. The emergency department specifically deals with social injustice, health and economic disparities,
violence, substance abuse, and disaster preparedness and response. This journal focuses on how emergency
care affects the health of the community and population, and conversely, how these societal challenges affect the
composition of the patient population who seek care in the emergency department. The development of better
systems to provide emergency care, including technology solutions, is critical to enhancing population health.
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Introduction: This study surveyed adult emergency department (ED) patients and the adult
companions of pediatric patients to determine whether rates of coronavirus disease 2019
(COVID-19) vaccination were comparable to that of the general population in the region. This study
also sought to identify self-reported barriers to vaccination and possible areas for intervention.

Methods: A survey was administered to 607 adult ED patients or the adult companions of pediatric
patients from three different regional hospitals to assess their COVID-19 vaccination status,
COVID-19 vaccine barriers, and demographic information.

Results: Of the 2,267 adult patients/companions considered for enrollment, we approached 730
individuals about participating in the study. Of the individuals approached, 607 (41% male; mean age
47.0+17.4 years) consented to participate. A total of 403 (66.4%) participants had received at least one
vaccine dose as compared to 70% of the adult population in the county where the three hospitals were
located. Of those, 382 (94.8%) were fully vaccinated and among the individuals who were partially
vaccinated the majority (17 of 21) had an appointment for their second dose. Of those approached,
204 (33.6%) were not vaccinated, with 66 (10.9% of the total population) expressing an interest in
becoming vaccinated while the remaining 138 did not want to be vaccinated. Of those who wanted to
be vaccinated 32% were waiting for more safety data, and of those who did not want to be vaccinated
26% were concerned about side effects and risks and 28% were waiting for more safety data.

Conclusion: Adult ED patients and adult companions of pediatric ED patients were vaccinated at
a slightly lower rate than the general population in our county. A small but significant proportion
of those who were unvaccinated expressed the desire to be vaccinated, indicating that the ED
may be a suitable location to introduce a COVID-19 vaccination program. [West J Emerg Med.
2022;23(3)292-301.]

INTRODUCTION EDs are often used by those who are considered to be at risk or
Emergency departments (ED) have long acted as a safety net ~ disadvantaged.' Because of this, emergency physicians have a
for the medical needs of many in modern society and, as such, unique opportunity to discuss and/or offer preventative services
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while they address the emergent needs of their patients. In some
institutions, this has included offering vaccinations.’

The coronavirus disease 2019 (COVID-19) pandemic has put
a strain on the medical system, particularly in EDs and intensive
care units.*’ Vaccinating our population against COVID-19 will
be a key factor in reducing the burden of this virus on society
and our health systems. The distribution of the COVID-19
vaccine began in January 2021 with the goal of getting 70-
90% of the United States population vaccinated.® Due to many
factors, vaccinating the general population has faced significant
barriers.®-!! During the initial phase of offering vaccinations
in the US resource allocation was easily absorbed by those
actively seeking the vaccine. Unfortunately, many parts of the
US have reached saturation for delivering vaccine to those who
are actively seeking it and now need to shift their public health
programming to try to engage individuals who are not actively
seeking the vaccine or are hesitant to get vaccinated. While
generally the vaccine is now available in the US to everyone who
wants to be vaccinated, it is likely that more targeted efforts will
be needed to reach the remaining eligible vaccine candidates.

To best identify how to support ongoing vaccination efforts,
one must understand the population barriers to vaccination
and the basis of vaccine hesitancy. Sparked by the Wakefield
paper published in Lancet, which erroneously concluded that
the developmental regression associated with autism spectrum
disorder may be attributed to the measles, mumps, and rubella
vaccine, vaccine hesitancy was brought to the forefront of
popular culture in the late 1990s.!> Although the article was
ultimately retracted, this reignited research in multiple disciplines,
including behavioral psychology, bioethics, economics, and
medicine, regarding vaccine hesitancy. A comprehensive review
was performed in 2011 when the World Health Organization
EURO Vaccine Communications Working Group presented
the 3C model of vaccine hesitancy, focusing on complacency,
confidence, and convenience. "

Complacency refers to the areas where perceived risk
of the disease is low and/or vaccination is not deemed an
important aspect of prevention. Confidence refers to trust in
both the individual and systems providing the vaccine, as well
as the safety and efficacy of the vaccine itself. Convenience,
as the name suggests, refers to commonly viewed barriers to
vaccination: the availability, affordability, and global accessibility
of the vaccine. Later, collective responsibility and utility
calculation were added to the definition to establish the 5C model
of vaccine hesitancy.'!3

Adult ED patients and the adult companions of pediatric
ED patients may represent a disproportionate number of
unvaccinated individuals. If this is true the ED could provide
a unique setting to provide vaccinations and increase local
vaccination rates. In this study we sought to determine
whether the ED population is a good target for vaccination
efforts and whether the rates of COVID-19 vaccination among
ED patients and adult companions of pediatric patients were
comparable to that of the general population in the region.

Population Health Research Capsule

What do we already know about this issue?
Efforts in the US to vaccinate against
COVID-19 have effectively reached those who
want the vaccine. We now need to focus on
those not actively seeking vaccination.

What was the research question?

Should vaccination be offered in the emergency
department (ED), and are the vaccination rates
lower than in the region?

What was the major finding of the study?
Of the ED population, 10% were not vaccinated
but expressed an interest in getting vaccinated.

How does this improve population health?

A significant proportion of those in the ED
who were unvaccinated want to be vaccinated,
indicating the ED may be a suitable location to
offer a vaccination program.

We also identified self-reported barriers to vaccination and
possible areas for intervention.

METHODS

We conducted a researcher-administered survey in three
EDs. This study was approved by the institutional review board at
the State University of New York at Buffalo in Buffalo, NY, with
each participant providing verbal consent.

Setting

The survey was conducted at three of the 10 hospitals in
Erie County, NY, that are licensed to provide emergency care.
The population of Erie County is just over 950,000 people. The
institutions included were two regional comprehensive hospitals,
one of which is the regional trauma center with over 65,000 visits
per year, and the other the regional stroke center with over 64,000
visits per year. The third hospital is the region’s only children’s
hospital with 45,000 visits per year.

Inclusion Criteria

At the two comprehensive hospitals each adult patient in the
ED was considered for enrollment, regardless of chief complaint,
when research staff were available to enroll. When a patient was
identified we recorded triage category and chief complaint. We
then approached the patient’s clinician to determine whether the
patient was able to participate. Reasons not to approach a patient
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included being too ill to participate, not capable of providing
consent, actively receiving care, non-English speaking, being
subject to infectious precautions, or sleeping. At the pediatric
hospital the same procedures were followed, but the targets of the
survey were the adult companions of pediatric patients. If an adult
patient or the adult companion of a pediatric patient was deemed
capable of being approached the researcher entered the room and
obtained verbal consent.

Data Collection

Once ability to participate and consent was established,
the survey was verbally administered and the answers recorded
on an iPad tablet (Apple Inc., Cupertino, CA) using Research
Electronic Data Capture data management platform software
10.3.3 (REDCap, Vanderbilt University, Nashville, TN). Both
categorical and open-ended questions were included. Any
question that asked the participant for a reason was read as
open-ended. The research assistants would listen to the subject’s
open-ended response and record the answers based upon
set categories. For responses that did not fit one of the given
categories the research assistant documented the response. One
of the authors then reviewed these answers and classified them.
These classifications were then reviewed and verified by the other
authors. If a general category could not be defined the response
was coded as “other” for the analysis.

Data Analysis

Once data collection was completed it was exported from
REDCap and analyzed using Excel (Microsoft Corporation,
Redmond, WA), SPSS (IBM Corp., Armonk, NY), and SAS 9.4

(SAS Institute Inc, Cary, NC). We used descriptive statistics,
chi-square test (Fisher’s exact test), and logistic regression model
to analyze the responses. There was no consideration of power
for this descriptive study; however, a goal of 200 surveys at each
institution was set, and enrollment continued at each site until that
goal was reached. Enrollment began May 27, 2021, and ended
July 11, 2021. We compared the vaccination rates in our subjects
to the county-documented vaccination rate for the population 18
years and older as of July 11, 2021.'

We performed Pearson’s chi-square tests (Fisher’s exact tests
for small group size) to compare the differences in COVID-19
vaccine status across participants of different characteristics (race,
age group, education). A logistic regression model was developed
to assess the effects of race, gender, ethnicity, age group,
education level, insurance status, hospital site, and flu-vaccine
status on the outcome variable. We categorized the outcome
variable based on participants’ COVID-19 vaccine status with
participants who did not receive and did not want the COVID-19
vaccine categorized as the cohort “declining vaccine,” while
participants who were fully/partially vaccinated or had not yet
received the vaccine but wanted to be vaccinated categorized as
the group “not declining vaccine.”

RESULTS

A total of 2267 adult patients/companions were
considered for enrollment. We approached 730, and
607 consented to participate (Figure 1). The majority of
participants were female (58%) with a mean age 47.0+17.4
years (Table 1). When compared across study sites we were
not surprised to find differences in demographics since those

Individuals Considered for
Participation: 2266

Individuals Asked to
Participate: 730

Individuals Unable to be
Approached: 1536

Individuals Agreed to be
Surveyed: 607

d: 403

Not §

d: 204

‘Want to be

Reasons for Being Unable to Approach
[Altered mental status listed in the patient chart: 22.5% (346)
Staff states the patient is too sick: 18% (256)

Staff states patient is not mentally capable: 16% (248)
‘The patient does not speak English: 11% (168)

The patient is actively receiving medical care: 6.5% (100)
Patient is sleeping: 5% (79)

Infectious precautions: 5% (75)
Aggressive and/or rritable: 3% (50)
Prisoner o in police custody: 2.5% (40)

The adult does not speak English: 1% (18)

Don’t want to be Vaccinated:

d: 66

Figure 1. Description of study populations.

Staff states the adult is not able to be approached at this
time (e.g. too distraught): 0.5% (7)

Other: 9% (136)
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Table 1. Description of the included subjects compared by hospital location.

Comprehensive Comprehensive Children’s
Total hospital 1 hospital 2 hospital 1
N =607 N = 201 N =200 N =206
Gender
Male 41.3% (251) 40% (80) 60.5% (121) 24% (50)
Female 58.5% (355) 60% (121) 39% (78) 76% (156)
Other 0.2% (1) 0% (0) 0.05% (1) 0% (0)
Age
Mean years 47.0 54.8 49.0 37.6
(x) SD 17.4 18.1 18.1 10.3
Race
African-American /African /Black /Caribbean 28.5% (173) 33% (67) 26% (52) 26% (54)
Asian/Pacific Islander 2.5% (16) 1.5% (3) 0.5% (1) 6% (12)
Caucasian /White 60% (365) 58% (117) 62% (124) 60% (124)
Native American 2% (13) 1.5% (3) 2% (4) 3% (6)
Other 4% (22) 3% (6) 5.5% (11) 2% (5)
Biracial or Multiracial 2% (11) 1% (2) 3% (6) 1% (3)
Prefer not to answer 1% (7) 1.5% (3) 1% (2) 1% (2)
Hispanic/Latinx
Yes 8.7% (53) 8% (17) 7% (14) 10.7% (22)
No 91.1% (553) 92% (184) 93% (186) 88.3% (183)
Prefer not to answer 0.2% (1) 0% (0) 0% (0) 0.5% (1)

Vaccination status
Fully vaccinated
Partially vaccinated
Not vaccinated - want vaccine

Not vaccinated - don't want vaccine

Vaccine brand
Pfizer
Moderna
Johnson & Johnson
Couldn't remember
Not vaccinated
Location received
State- or county- run clinic
Pharmacy
Healthcare organization clinic
Physician's office
Other
Not vaccinated
Internet at home
Yes
No
Flu vaccine status

Have gotten a flu vaccine in the past year

63% (382)
3% (21)
11% (66)

23% (138)

30% (181)
25% (153)
11% (64)
1% (5)
34% (204)

24% (144)
19.5% (119)
15% (91)
3.5% (21)
4.5% (28)
33.5% (204)

92% (558)
8% (49)

50.5% (307)

68% (137)
5% (10)
13% (26)
14% (28)

33% (66)
30% (61)
9.5% (19)
0.5% (1)
27% (54)

23% (47)
24% (48)
16% (32)
7% (14)
3% (6)
27% (54)

90% (181)
10% (20)

53% (107)

65% (130)
2.5% (5)
10% (20)

22.5% (45)

31.5% (63)
26% (52)
8.5% (17)

1.5% (3)

32.5% (65)

21.5% (43)
21.5% (43)
17% (34)
1.5% (3)
6% (12)
32.5% (65)

87.5% (175)
12.5% (25)

48% (96)

55% (115)
3% (6)
10% (20)
31% (65)

25% (52)
19.5% (40)
13.5% (28)
0.5% (1)
41.5% (85)

26% (54)
14% (28)
12% (25)
2% (4)
5% (10)
41% (85)

98% (202)
2% (4)

50.5% (104)

SD, standard deviation.
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Table 1. Continued.
Comprehensive Comprehensive Children’s
Total hospital 1 hospital 2 hospital 1
N =607 N =201 N =200 N = 206
Have not gotten a flu vaccine in the last year 32.5% (196) 33% (67) 31.5% (63) 32% (66)
but have in the past
Have never gotten a flu vaccine 17% (104) 13% (27) 20.5% (41) 17.5% (36)
Education level
Some high school 7% (44) 10.5% (21) 6.5% (13) 5% (10)
High school graduate 36.5% (221) 33% (66) 46.5% (93) 30% (62)
Some college 23% (137) 22% (44) 19.5% (39) 26% (54)
Associate’s degree 2% (13) 3.5% (7) 0.5% (1) 2% (5)
Bachelor’s degree 20% (123) 20% (40) 19.5% (39) 21% (44)
Postgraduate degree 8% (49) 7.5% (15) 4.5% (9) 12% (25)
Technical/trade/vocational training 2.5% (15) 3.5% (7) 2% (4) 2% (4)
Other 1% (5) 0.5% (1) 1% (2) 1% (2)
Insurance type
Private 51.5% (313) 45% (90) 50% (100) 60% (123)
Medicare 18.5% (113) 27% (55) 24% (48) 5% (10)
Medicaid 26% (156) 25% (50) 22.5% (45) 30% (61)
Uninsured 3% (18) 2% (4) 3% (6) 4% (8)
Other 1% (7) 1% (2) 0.5% (1) 2% (4)
Sources of information (Multiple selections
allowed; percent based on total respondents)
Friend/family 18% (243) 20% (92) 18% (87) 15% (64)
Social media 13% (182) 10% (47) 12% (60) 18% (75)
Primary care doctor /clinician 13% (185) 18% (82) 13% (65) 9% (38)
Newspaper 7% (97) 5% (23) 7% (34) 10% (40)
TV 21% (288) 21% (96) 24% (117) 18% (75)
Radio 4% (56) 4% (19) 5% (23) 3% (14)
Personal research 12% (163) 16% (73) 11% (56) 8% (34)
Workplace 6% (82) 3% (14) 4% (19) 12% (49)
Religious leaders 1% (14) 1% (5) 1% (6) 1% (3)
Other 4% (53) 2% (9) 4% (22) 5% (22)

generally aligned with the individual hospital’s catchment
areas (Table 1). The adult companions of pediatric patients
had the lowest vaccination rate (55%), even though the flu
vaccination rates were relatively similar across all three sites.
The percent of subjects who were not vaccinated but wanted
to be was consistent across all sites at approximately 10%.
Of those surveyed, 403 (66.4%) had received at least one
dose of vaccine, with 382 (63%) completely vaccinated. This
number was slightly lower than the COVID-19 vaccination
rate reported for adults in the study county, which was 70%
who had received at least one dose and 65.3% who completed

the series. There were 21 people who still needed a second
vaccine dose to complete the series; most (80.9%) had an
appointment for the second dose, while the remaining four
stated they’d had side effects that kept them from getting the
second shot (N = 2) or they had time or mobility issues (N =
2) that kept them from getting the second shot.

Of the 204 (33.6%) participants who were not vaccinated,
66 (10.9% of the total population surveyed) expressed
interest in becoming vaccinated, while 138 (22.7% of the
total population surveyed) stated they did not want to be
vaccinated. The primary reasons for not getting vaccinated
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were that they were waiting for more safety data or they had
concern with risks and side effects (Table 2). Four of the
unvaccinated individuals mentioned that their reason for not
getting vaccinated stemmed from a conversation with their
doctor, which supported this decision. Two who wanted the
vaccine but were not yet vaccinated reported that they had
recently been diagnosed with COVID-19 and their doctor said
to wait to get the vaccine. Two who did not want the vaccine
stated they were advised against it by their physician due to
medical concerns and medication issues. The chi-square test
(Fisher’s exact test) results showed significant associations
between age group, education level, flu-vaccine status, and
COVID-19 vaccine status. Comparing those who were
vaccinated to those who were not we found that those who
were vaccinated tended to be older, more educated, and had
previously gotten a flu vaccine (Table 3).

The logistic regression model found that age, race, flu
vaccination status, education level, and study site were all
associated with declining the COVID-19 vaccine (Figure
2). Specifically, the age group 18-34 years was found to be
most strongly associated with increased odds of declining the
COVID-19 vaccination when compared with those over age
65 (odds ratio [OR] 13.76; 95% confidence interval [CI]: 4.40
- 43.07). Individuals who identified as biracial or multiracial
had an increased odds of declining COVID-19 vaccination
when compared with those who identified as White (OR 4.98;
95% CI: 1.31 -18.93). Participants who had never received
the flu vaccine had an increased odds of declining COVID-19
vaccination when compared to participants who had received
flu vaccine the prior year (OR 4.11; 95% CI: 2.21 - 7.63).

Compared with those with a postgraduate education, the
odds of declining the COVID-19 vaccination were 9.53
times higher among those with trade, technical, or vocational
training (95% CI: 1.57 - 57.78). Lastly, the adult patients
interviewed were less likely to decline vaccination when
compared to the adult companions of the pediatric patients
(OR 0.47; 95% CI: 0.25 - 0.87).

DISCUSSION

This study found that while a majority of adult ED
patients and the adult companions of pediatric patients have
been vaccinated for COVID-19 there was a small but not
insignificant proportion of the ED population that wanted to
be vaccinated but had not yet been vaccinated. Just over 10%
of those surveyed expressed interest in getting vaccinated.
This could be enough to consider offering the vaccine in the
ED. Previous research has found that convenience plays a
large role in human behavior and compliance!™?; so. it seems
possible that such a program might be successful. In June 2021,
the American College of Emergency Physicians developed
and published toolkits for patient education?' and for ED
implementation of vaccination programs.”? While EDs have
given tetanus vaccines in great numbers over a long period of
time,? prior studies have also shown the efficacy of offering the
influenza vaccine in both general and pediatric EDs. >

Our finding that 37% of the ED population was not fully
vaccinated aligns with two earlier studies that found 39% and
32% of ED patient population were vaccine-hesitant when
asked if they would receive the vaccine.?* These prior studies
ended in March and May 2021, respectively, while ours began

Table 2. Self-reported barriers to COVID-19 vaccination in unvaccinated by desire to obtain vaccine.

Barrier to vaccination Wish to get the vaccine (N = 66) Don’t wish to get the vaccine (N = 138)

Already had COVID-19 5% (3) 4% (6)
Can't get an appointment 6% (4) -
Can't get it at my desired location 2% (1) -
Can't get to the vaccination site 5% (3) -
Don't think it works - 18% (25)
“Let others get it first” - 3% (4)
Opposed to vaccines/medical care - 4% (5)
Pregnancy/breastfeeding 5% (3) 3% (4)
Scheduled 3% (2) -
Side effects / risks 18% (12) 26% (36)
Time 1% (7) -
Waiting for more safety data 32% (21) 28% (38)
Other 15% (10) 14% (20)

COVID-19, coronavirus disease 2019.
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Table 3. COVID-19 vaccination status compared to history of influenza vaccination status, education, age, and sources of Information.
Received COVID-19 vaccination

Yes No, but wants vaccine No, don’t want vaccine P-value (chi-
(N =403) (N = 66) (N =138) square test)

Flu vaccination

Received the flu vaccine in the past
year

Religious leaders
Other

79.48% (244)

42.86% (6)
64.15% (34)

9.12% (28)

21.43% (3)
16.98% (9)

11.40% (35)

35.71% (5)
18.87% (10)

Did not get a flu vaccine in the last 57.14% (112) 11.73% (23) 31.12% (61) <0.001
year but has in prior years
Never received a flu vaccine 45.19% (47) 14.42% (15) 40.38% (42)
Education level
Some high school 63.64% (28) 9.09% (4) 27.27% (12)
High school graduate 57.92% (128) 14.93% (33) 27.15% (60)
Some college 59.85% (82) 13.87% (19) 26.28% (36)
Associate’s degree 53.85% (7) 7.69% (1) 38.46% (5) <0.007
Bachelor’s degree 82.93% (102) 4.88% (6) 12.20% (15)
Postgraduate degree 91.84% (45) 2.04% (1) 6.12% (3)
Technical/trade/ vocational training 53.33% (8) 13.33% (2) 33.33% (5)
Other 60.00% (3) 0% (0) 40.00% (2)
Age by category
18-34 41.52% (71) 19.30% (33) 39.18% (67)
35-49 65.34% (115) 8.52% (15) 26.14% (46) <0.001
50-64 80.28% (114) 6.34% (9) 13.38% (19)
65+ 87.29% (103) 7.63% (9) 5.08% (6)
Sources of information (Multiple selections
allowed; percent based on total responses)
Friend/family 64.61% (157) 9.05% (22) 26.34% (64)
Social media 54.95% (100) 12.64% (23) 32.42% (59)
Primary care doctor/clinician 73.51% (136) 10.81% (20) 15.68% (29)
Newspaper 61.86% (60) 6.19% (6) 31.96% (31)
TV 62.50% (180) 10.76% (31) 26.74% (77) ND
Radio 62.50% (35) 12.50% (7) 25.00% (14)
Personal research 67.48% (110) 12.27% (20) 20.25% (33)
Workplace 69.51% (57) 6.10% (5) 24.39% (20)

*indicates P-value obtained from Fisher’s exact test. ND indicates not calculated due to ability to choose more than one answer.

in July 2021. This means that the efforts to increase comfort rates. Encouraging vaccination through appropriate medical
with vaccination and the ready availability of the COVID-19 counseling may impact barriers associated with confidence,
vaccine in the intervening time may not have been impactful in ~ complacency, risk calculation, and collective responsibility.'”2
this population. We identified that many of those who were not When comparing vaccination rates between the three
vaccinated might otherwise have done so because their concerns  hospital sites, the adult companions at the pediatric hospital
about side effects and safety could be addressed in the ED had the lowest vaccination rates, which was found to be
setting. Having an opportunity to discuss these concerns with significant in our multivariable model. Among those who were
emergency clinicians might play a role in increasing vaccination  not vaccinated, the adult companions also had the highest rate
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Variable Categories OR (95% ClI)
18-34 I 13.76 (4.40, 43.07)
g 35-49 -_— 7.79 (2.42, 25.03)
< 50-64 S E— 3.48 (1.15, 10.47)
65+ g Ref
3 Female —a— 0.92 (0.55, 1.54)
@ Male C Ref
African American/African/Black/Caribbean —0— 1.24 (0.74, 2.10)
° Asian/Pacific Islander NA
5 Biracial or Multiracial —_— 4.98 (1.31, 18.93)
Native American —_— 1.13 (0.28, 4.51)
Caucasian 5 Ref
£ No Hispanic / Latinx 1—0— 2.79 (0.95, 8.17)
3 Hispanic / Latinx Ref
» Hawe never gotten a flu vaccine — 0 411 (2.21, 7.63)
,_,—:_’ “% Hawe not gotten a flu vaccine in the last year but in previous years —0— 2.57 (1.49, 4.44)
@ Have gotten a flu vaccine in the past year = Ref
Associate's Degree 8.22 (1.48, 45.78)
Bachelor's Degree —_— 1.73 (0.44, 6.75)
_5 High school graduate —_— 4.30 (1.16, 15.87)
g Some college —_—8 3.83 (1.02, 14.33)
2 Some high school —_— 4.51 (0.99, 20.55)
Trade / Technical / Vocational training 9.53 (1.57, 57.78)
Postgraduate degree C Ref
o Medicaid —_— 0.62 (0.18, 2.12)
% Medicare —_— 1.08 (0.26, 4.52)
g Private —_— 0.56 (0.17, 1.84)
- Uninsured = Ref
Comprehensive Hospital 1 —_— 0.47 (0.25, 0.87)
% Comprehensive Hospital 2 —_—- 0.62 (0.34, 1.11)
Children's Hospital 1 T Ref

0.1 1 10 100

Figure 2. The odds ratios and 95% confidence intervals for declining COVID-19 vaccination for different demographic characteristics.
No results are shown for the Asian racial group because none of the Asian participants declined the COVID-19 vaccine; thus, the odds

ratio could not be estimated.
COVID-19, coronavirus disease 2019.

of reporting they would not want the vaccine. One possible
conclusion is that this population was younger and likely in
better health than those presenting to the ED themselves for
care and, therefore, may have been more likely to believe

that they did not need the vaccine. The fact that many of our
participants were parents of young children who were still
unable to receive the vaccine enhances the importance of
vaccination in this group and may represent a key opportunity
for education and intervention.

It is interesting that the majority of individuals who were
vaccinated had received the full series or had an appointment
to complete the series. One concern with offering vaccination
in the ED is that people might not obtain the second shot.
Offering a single-shot vaccine in the ED is likely the most
viable option; if this is not possible a system for obtaining
the second shot will need to be developed. It is encouraging
that our data shows that individuals are likely to be compliant
with obtaining the second dose. Many pharmacies offer the
opportunity to receive a second dose, regardless of where
individuals received their first dose. This was often not the

case when the vaccine was first available; so this too may
create an opportunity for education.

In our population, more people who had the COVID-19
vaccine had previously received the flu vaccine. However,
we were surprised to find some discordance with flu
vaccination status and the desire to receive COVID-19
vaccination. Previous studies have noted that regularly
declining the influenza vaccination closely aligns with
refusal of the COVID-19 vaccine.”” Interestingly, we found
that approximately 70% of those who said they did not want
the COVID-19 vaccine had received the influenza vaccine
either in the prior year or within the past few years. This
may signify that, in our population, those reporting that they
would not want the COVID-19 vaccine may be open to further
conversations regarding specifics of their vaccine hesitancy.
In fact, the most frequently reported barriers to vaccination in
this population were concerns regarding side effects and the
need for more safety data. With this in mind, it is possible that
with the recent full US Food and Drug Administration (FDA)
approval of the Pfizer vaccine, many of those who stated they
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would not want to get the vaccine may now be more open to
COVID-19 vaccination.

Self-reported barriers to vaccination and factors
contributing to vaccine hesitancy in our population focused
primarily on side effects/risks, desire for more data, and
believing the vaccine “does not work,” or vaccine hesitancy
due to lack of confidence. A smaller percentage of our
population, primarily in those who had not been vaccinated
but wished to receive the vaccine, reported difficulty obtaining
the vaccine or vaccine hesitancy due to convenience.

There were no reported barriers regarding complacency or
collective responsibility, and only four participants noted
utility calculation (“let others get it first”) as a determinant in
deciding not to get the vaccine. As previously noted, providing
single-dose vaccinations in the ED can be a viable option to
target vaccine hesitancy due to convenience.

Overcoming vaccine hesitancy secondary to confidence in
both the vaccine itself and the medical/scientific community
is more difficult to overcome.’ This is complicated by variable
advice given to patients by different healthcare clinicians.

One possible avenue is to focus on improving the quality of
information available where it is most commonly accessed.
For our population the reported top four places vaccine
information was obtained was television, friends and family,
physicians, and social media, in that order. Unfortunately,

our population mirrors a national trend of physicians being
underused as a primary source of medical information. Public
health experts and the medical community need to continue to
speak publicly about the safety and efficacy of vaccination to
reach patients through other mediums (such as television) as
well as reaching out to patients, family, and friends personally.
Likewise, enhanced efforts to educate physicians and non-
physician healthcare personnel in evidence-based information
on the vaccine may also be important, given that four of our
participants stated that their personal physicians played a role
in their decision not to get vaccinated. This, in conjunction
with the full FDA approval of COVID-19 vaccines, will
hopefully help move the vaccine hesitant to vaccine accepting.

LIMITATIONS

This study may be limited by the high rate of exclu-
sions resulting in our data not representing all ED patients,
especially those who could not be accessed due to infectious
symptoms. Many of these patients could have had COVID-19
and been less likely to be vaccinated. However, we conducted
this study when transmission in our area was low, and in fact
only 4.9% of patients were excluded due to infectious symp-
toms. Further, given that the majority of those excluded were
too sick or cognitively incapable of participation, it could be
argued that the patients we captured are those most likely to
be capable of considering and discussing vaccination during
the course of their ED care. Nonetheless, our finding that 10%
of the interviewed patients were not vaccinated but wanted to
be, may not directly translate to 10% of the ED population.

It is also of concern that 123 of the individuals whom
we approached to participate in the study declined. Given the
contentious nature of some discussions around vaccination it
is possible that those who were vaccine-averse may have been
less likely to agree to discuss their vaccination status for our
survey. However, if a vaccine program were started in our ED
it is likely that these individuals would also decline to partici-
pate. Further, we did not ask those individuals whether they
would be willing to be vaccinated if it was offered in the ED.
However, these findings could be supportive for programs that
want to further investigate providing COVID-19 vaccination
in the ED setting.

Finally, it is important to note that vaccination can be an
emotional topic for many individuals. We trained our staff
and wrote our questions to be as non-judgmental as possible
and to encourage individuals to share their true opinions, but
it is possible that some respondents did not feel comfortable
providing honest opinions.

CONCLUSION

Adult ED patients and adult companions of pediatric
ED patients were vaccinated at a slightly lower rate than the
general population in our county. A small but not insignificant
proportion of those who had not yet been vaccinated wanted
to be vaccinated, indicating that the ED may be a suitable
location to offer the COVID-19 vaccine.

Address for Correspondence: E. Brooke Lerner, PhD, University of
Buffalo, Department of Emergency Medicine, 77 Goodell Street —
Suite 340, Buffalo, NY 14203. Email: lerner@buffalo.edu.

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

Copyright. © 2022 Harvey 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. Gordon JA. The hospital emergency department as a social welfare
institution. Ann Emerg Med. 1999;33(3):321-5.

2. Gordon JA, Billings J, Asplin BR, et al. Safety net research in
emergency medicine: proceedings of the Academic Emergency
Medicine Consensus Conference on “The Unraveling Safety Net.”
Acad Emerg Med. 2001;8(11):1024-9.

3. Henderson S, Stacey CL, Dohan D. Social stigma and the
dilemmas of providing care to substance users in a safety-

Western Journal of Emergency Medicine

300

Volume 23, no. 3: May 2022


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Harvey et al.

ED Patients’ COVID-19 Vaccination Status and Barriers

net emergency department. J Health Care Poor Underserved.
2008;19(4):1336-1349.

16.

Centers for Disease Control and Prevention. COVID-19 vaccina-
tions in the United States, County. 2021. Available at: https://data.

4. Ong Eng Hock M, Ornato JP, Cosby C, et al. Should the emergency cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-
department be society’s health safety net? J Public Health Policy. County/8xkx-amgh. Accessed July 2021.
2005;26(3):269-81. 17. Bedford H, Attwell K, Danchin M, et al. Vaccine hesitancy, refusal
5. Rimple D, Weiss SJ, Brett M, et al. An emergency department-based and access barriers: the need for clarity in terminology. Vaccine.
vaccination program: overcoming the barriers for adults at high risk for 2018;36(44):6556-8.
vaccine-preventable diseases. Acad Emerg Med. 2006;13(9):922-30. 18. Bertoncello C, Ferro A, Fonzo M, et al. Socioeconomic determinants
6. Fisk RJ. Barriers to vaccination for COVID-19 control—experience in vaccine hesitancy and vaccine refusal in Italy. Vaccines (Basel).
from the United States. Globe Health J. 2021;5(1):51-5. 2020;8(2):276.
7. Singer AJ, Morley EJ, Meyers K, et al. Cohort of four thousand four 19. Dorman C, Perera A, Condon C, et al. Factors associated
hundred four persons under investigation for COVID-19 in a New with willingness to be vaccinated against COVID-19 in a large
York hospital and predictors of ICU care and ventilation. Ann Emerg convenience sample. J Community Health. 2021;46(5):1013-9.
Med. 2020;76(4):394-404. 20. Machingaidze S, Wiysonge CS. Understanding COVID-19 vaccine
8. Randolph HE, Barreiro LB. Herd immunity: understanding COVID-19. hesitancy. Nat Med. 2021;27(8):1338-9.
Immunity. 2020;52(5):737-41. 21. American College of Emergency Physicians. COVID-19 Vaccination
9. Dror AA, Eisenbach N, Taiber S, et al. Vaccine hesitancy: the Toolkit. 2021. Available at: https://www.acep.org/corona/COVID-19-
next challenge in the fight against COVID-19. Eur J Epidemiol. alert/covid-19-articles/covid-19-vaccination-toolkit. Accessed January
2020;35(8):775-9. 27, 2022.

10. Solis Arce JS, Warren SS, Meriggi NF, et al. COVID-19 vaccine 22. American College of Emergency Physicians. Setting Up Vaccination
acceptance and hesitancy in low- and middle-income countries. Nat Programs in the ED. 2021. Available at: https://www.acep.org/corona/
Med. 2021;27(8):1385-94. COVID-19-alert/covid-19-articles/vaccination-programs-in-the-ed/.

11. Viswanath K, Bekalu M, Dhawan D, et al. Individual and social Accessed January 27, 2022.
determinants of COVID-19 vaccine uptake. BMC Public Health. 23. Pallin DJ, Muennig PA, Emond JA, et al. Vaccination practices in U.S.
2021;21(1):818. emergency departments, 1992-2000. Vaccine. 2005;23(8):1048-52.

12. Wakefield AJ. MMR vaccination and autism. Lancet. 24. Baumer-Mouradian SH, Kleinschmidt A, Servi A, et al. Vaccinating in
1999;354(9182):949-50. the emergency department, a novel approach to improve influenza

13. MacDonald NE, SAGE Working Group on Vaccine Hesitancy. vaccination rates via a quality improvement initiative. Pediatr Qual
Vaccine hesitancy: definition, scope and determinants. Vaccine. Saf. 2020;5(4):e322.
2015;33(34):4161-4. 25. Fernandez-Penny FE, Jolkovsky EL, Shofer FS, et al. COVID-19

14. Al-Sanafi M, Sallam M. Psychological determinants of COVID-19 vaccine hesitancy among patients in two urban emergency
vaccine acceptance among healthcare workers in Kuwait: a cross- departments. Acad Emerg Med. 2021;28(10):1100-7.
sectional study using the 5C and vaccine conspiracy beliefs scales. 26. Rodriguez RM, Torres JR, Chang AM, et al. The rapid evaluation of
Vaccines (Basel). 2021;9(7):701. COVID-19 vaccination in emergency departments for underserved

15. Betsch C, Schmid P, Heinemeier D, et al. Beyond confidence: patients study. Ann Emerg Med. 2021;78(4):502-10.
development of a measure assessing the 5C psychological 27. Fridman A, Gershon R, Gneezy A. COVID-19 and vaccine hesitancy:
antecedents of vaccination. PLoS One. 2018;13(12):e0208601. a longitudinal study. PLoS One. 2021;16(4):€0250123.

Volume 23, no. 3: May 2022 301 Western Journal of Emergency Medicine



ORIGINAL RESEARCH

Bamlanivimab Reduces ED Returns and Hospitalizations
and May Reduce COVID-19 Burden on Low-resource
Border Hospitals

Faith C. Quenzer, DO MPH*'* *San Diego State University School of Public Health, San Diego, California
Andrew T. Lafree, MD™* TUniversity of California — San Diego, School of Medicine, Department of
Londyn Grey, BS, MPHS Emergency Medicine, San Diego, California

Sukhdeep Singh, MD™* *El Centro Regional Medical Center, Department of Emergency Medicine, El
Cameron Smyers, MD'* Centro, California

Bruce Balog, PharmD* SLouisiana State University Health Sciences Center, School of Medicine,
Henry Montilla Guedez, MD" Shreveport, Louisiana

Kaitlin Mcintyre, MD?

Sharon Wulfovich, MD*

Juli Ramirez, BS*

Talia Saikhon, PA-C*

Christian Tomaszewski, MD MBAT+

Section Editor: loannis Koutroulis, MD, MBA, PhD

Submission history: Submitted April 14, 2021; Revision received September 8, 2021; Accepted October 16, 2021
Electronically published March 17, 2022

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

Introduction: To evaluate the effectiveness of bamlanivimab at reducing return emergency department
(ED) visits in primarily Latinx/Hispanic patients with mild or moderate coronavirus disease 2019
(COVID-19). Secondary aims were to evaluate the prevention of subsequent hospitalizations and deaths
in a resource-limited United States (U.S.)-Mexico border hospital.

Methods: We conducted a retrospective, open-label interventional study on 270 eligible adult patients
diagnosed with mild-moderate severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
who met criteria for receiving bamlanivimab from November 1, 2020 to January 31, 2021. The main
outcomes of 14-day return visits to the ED and hospitalizations due to COVID-19 were compared
between two groups — those who received bamlanivimab (exposed group) and those who did not receive
bamlanivimab (unexposed group). Outcomes were analyzed through chi-square tests followed by
multivariate regression modeling to adjust for patient demographics, characteristics, and comorbidities.

Results: There were 136 COVID-19 patients who received bamlanivimab in the ED prior to discharge
and an unexposed group of 134 COVID-19 patients who were evaluated and discharged from the

ED without receiving bamlanivimab. Overall, mean age was 61.7 (S.D. +/-13.9) years, mean body
mass index (BMI) 31.0 (S.D. +/-6.6) kg/m?, 91.5% identified as Latinx/Hispanic, 51.9% male, and
80.7% reported at least one comorbidity. Most commonly reported comorbidities were obesity (22.6%),
hypertension (59.6%), and diabetes (41.1%). The bamlanivimab group had a 22.8% (mean estimate
=0.7717, 95% CI [0.6482, 0.8611]) risk reduction or 84.4% (0.3030, 95% Cl = 0.166, 0.554, p=.0001)
absolute reduction of ED return visits within 14 days compared to controls after adjusting for chronic
kidney disease. The bamlanivimab group had 19.0% (mean estimate=0.8097, 95% CI [0.6451, 0.9087])
risk reduction or 96.2% (0.235, 95% CI 0.100, 0.550, p=0.0008) absolute reduction of subsequent
hospitalizations compared to unexposed patients after adjusting for diabetes status.

Conclusion: Bamlanivimab infusions for high-risk COVID-19 patients in the ED substantially reduced
the risk of return visits to the ED and hospitalizations in our primarily Latinx/Hispanic population.
Monoclonal antibody infusions may help reduce hospital utilization during COVID-19 surges at U.S.-
Mexico border hospitals. [West J Emerg Med. 2022;22(3)302—-311.]
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which is responsible for the current coronavirus
disease 2019 (COVID-19) pandemic, has burdened healthcare
systems across the United States to their breaking point because
of rapid influxes of critically ill patients who require weeks
of hospitalization, intensive care resources, and healthcare
personnel.! Hospitals have been forced to admit patients beyond
maximum capacity and have stretched healthcare personnel
responsibilities beyond what are normally considered safe
levels.! Hospitals near the US-Mexico border are particularly
vulnerable to these problems because of inadequate healthcare
infrastructure, healthcare resources, and healthcare workers
at baseline.? As a result, COVID-19 has disproportionately
impacted low-resourced and rural hospitals compared to their
urban counterparts, and COVID-19 mortality is as much as
three times higher in hospitals with fewer intensive care unit
(ICU) beds available.'?

Resource challenges are further compounded by cross-
border traffic that makes populations at the US-Mexico border
more vulnerable to surges of communicable diseases such
as COVID-19.%* Additionally, border populations, which
are predominantly Latinx/Hispanic, are more likely to have
underlying chronic conditions such as diabetes, hypertension,
coronary artery disease, chronic kidney disease, and chronic
lung disease.>® These comorbidities make these populations
more susceptible to severe COVID-19 complications such as
hospitalization, invasive ventilation, and death.®” Compared to
White non-Hispanics, Latinx/Hispanics account for four times
the hospitalizations and nearly three times the deaths due to
COVID-19 in the US.2¢7

Our study was performed at the El Centro Regional
Medical Center (ECRMC), which is located 12 miles north
of the US-Mexico border in Imperial County, California, and
serves a predominantly Latinx/Hispanic patient population.
Imperial County has the second-highest number of COVID-19
cases and the highest COVID-19 death rate per population
(374 people per 100,000) in the entire state of California by
the summer of 2020.% Over the course of the year the ECRMC
emergency department (ED) saw 3,876 COVID-19 patients,
with 1,342 hospital admissions and 336 deaths (ECRMC
internal hospital data, 2020). According to the internal,
unpublished ECRMC data, the peak of the 2020 COVID-19
pandemic demonstrated ECRMC'’s patient load rose to nearly
two times the normal patient census and 10 times the normal
ICU census. In December 2020 alone, over 40 patients were
on ventilators, most in routine medical-surgical rooms.

From March—July 2020, during the first COVID-19 surge
in Imperial County, 18.7% of the 497 COVID-19 patients
who were admitted to ECRMC expired; during the second
surge from November 2020—January 2021 mortality of
admitted COVID-19 patients increased to 37.0% (ECRMC,
internal hospital data, 2020). This increased mortality rate

Population Health Research Capsule

What do we already know about this issue?
Latinx patients have the worst COVID-19
outcomes. Bamlanivimab, an outpatient
monoclonal antibody treatment, can help prevent
COVID hospitalizations and improve outcomes.

What was the research question?

Could bamlanivimab prevent ED return
visits and hospitalizations in high-risk Latinx
COVID-19 patients at a border hospital?

What was the major finding of the study?
Bamlanivimab given to high-risk, Latinx
COVID-19 patients at a border hospital ED
decreased ED return visits and hospitalizations.

How does this improve population health?
Monoclonal antibodies administered in a
low-resource ED may help decrease ED
return visits in high-risk Latinx patients and
hospitalizations during a surge.

may partly reflect the resources available to the local hospital
system relative to the burden of COVID-19 faced during the
significantly worse second surge and the indirect effects of
hospital saturation on patient outcomes.

The response to the COVID-19 pandemic in limited-
resource border hospitals such as ECRMC has highlighted
major challenges. With the possibility of new surges from
more variants there is still a need for innovative, rapidly
operationalized solutions. In conjunction with the state
and local public health authorities, ECRMC has been
using monoclonal antibody treatment for high-risk, non-
hospitalized patients with mild-to-moderate COVID-19
since November 2020. The primary goal was to reduce
subsequent hospitalizations in high-risk patients and
alleviate further pressure on a resource-scarce healthcare
system. Its use has been predicated on the Emergency
Use Authorization (EUA) from the US Food and Drug
Administration (FDA).’

There have been several strategies using passive
immunity to enable the humoral immune response against
SARS-CoV-2, some of which include convalescent plasma,
immune globulin, and monoclonal antibodies.!® Monoclonal
antibodies are very specific and highly concentrated antibodies
that are laboratory developed to bind and neutralize viruses
such as Ebola and rabies.'"'? For SARS-CoV-2, the first two
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monoclonal antibody treatments initially available were
bamlanivimab and the combination of casirivimab and
imdevimab (Regeneron [Regeneron Pharmaceuticals, Inc.,
Eastview/Tarrytown, NY).”!! These monoclonal antibodies are
specifically made to attach and neutralize the SARS-CoV-2
surface spike glycoprotein, which binds to the angiotensin-
converting enzyme 2 receptors to gain access to cells.!

There is limited evidence from ongoing randomized control
trials that these monoclonal antibodies may decrease viral
load and the progression of COVID-19 disease in high-risk,
non-hospitalized patients with mild or moderate symptoms.'"'*
However, when given to hospitalized patients with severe
COVID-19, no significant difference in complications and
disease progression has been shown.!! On November 9, 2020,
the FDA gave these monoclonal antibodies EUA.? Some
preliminary trial data suggests that the use of monoclonal
antibodies in outpatient treatment of COVID-19 may prevent
hospitalization, invasive ventilation/intubation, and death.'?
More research evaluating how these monoclonal antibodies
could impact ED and hospital utilization is needed, especially
in the setting of rural or border hospitals with limited resources
and a high-risk of increased COVID-19 burden.

The purpose of our study was to evaluate the effectiveness
of bamlanivimab in preventing return ED visits, hospitalizations,
and mortality within the Latinx/Hispanic population in a border
community hospital. Emergency departments can rapidly and
easily operationalize systems for early distribution of monoclonal
antibodies to SARS-CoV-2 patients who are at high risk for
developing severe COVID-19 disease early in the course of
their illness. Aside from the costs associated with monoclonal
antibodies themselves, infusing monoclonal antibodies early
in COVID-19 disease is not personnel or resource intensive.

If even modest reductions in subsequent return ED visits and
hospitalizations could be demonstrated, targeted, large-scale
monoclonal antibody infusions may significantly reduce the
burden on these EDs and healthcare systems.

METHODS
Study Design

We performed a retrospective, cohort study of the
monoclonal antibody bamlanivimab (Eli Lilly and
Company, Indianapolis, IN) in non-hospitalized, adult ED
patients diagnosed with COVID-19 at a border hospital.
The primary outcomes of interest were return visit to
the ED within 14 days and subsequent hospitalization in
patients who did not receive bamlanivimab (unexposed) vs
patients who received bamlanivimab (exposed). Mortality
outcomes were also described. We selected the 14-day
outcome based on observational reports demonstrating that
on average, patients were hospitalized for dyspnea 7-10
days after initial symptoms.'® Therefore, after 14 days from
initial diagnosis, the likelihood of deterioration should
be lessened substantially and the majority of patients
ultimately requiring hospitalization would already have

been hospitalized. For patients who returned to the ED and
were hospitalized we reviewed the entire clinical course.
Per Bledsoe and Worster, we accessed the electronic
health records (EHR) database to identify ED visits and
hospitalizations. Abstractors were trained in obtaining
the necessary data from these various EHR, and cases
were selected by criteria that had defined inclusion and
exclusion criteria. Quality control of the data was done
throughout the data collection by three of the investigators
from this study.!¢ This study was institutional review board
(IRB #200558) exempt. Patients who were interested
in treatment were informed of the risks and benefits of
receiving bamlanivimab as outlined in the FDA EUA, and
consent for treatment was obtained.

Inclusion

Included within this study were adult patients
(>18 years) with a laboratory-confirmed diagnosis
of COVID-19 detected in our ED or patients who had tested
positive at an outside healthcare facility and presented to
our ED requesting treatment with monoclonal antibodies.

All patients from outside facilities were required to have
documentation of a newly positive COVID-19 test within
seven days. Screening for inclusion criteria were required
prior to treatment for all patients. Eligible ED patients who
were diagnosed with COVID-19 in the ED were offered
treatment immediately if monoclonal antibodies were
available. Patients who had been discharged prior to receiving
COVID-19 test results were called back the following day
with results. If monoclonal antibodies were available at that
time and the patient met eligibility criteria they were invited to
return to the ED for infusion.

To meet eligibility requirements for bamlanivimab
infusion, patients must have had fewer than 10 days of
symptoms, mild or moderate disease with no oxygen
requirement, and were considered high risk for progression to
severe disease based on the following criteria:

e >65 years of age or
*  >55 years of age AND with one of the following:

*  Cardiovascular disease, hypertension, or chronic
obstructive pulmonary disease/other chronic
respiratory disease such as asthma.

*  Body mass index (BMI) >35

*  Chronic kidney disease

*  Diabetes mellitus type 2

* Immunosuppressive disease or taking
immunosuppressive medication.

Exclusion

Excluded from the study were patients who did not
consent for treatment, pregnant women, patients who did not
meet the above inclusion criteria, and patients who upon initial
presentation already had an oxygen requirement or required
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immediate admission to the hospital.
Study Setting

As part of the response to the large influx of COVID-19
positive patients, ECRMC erected an emergent, tent-based
COVID-19 hospital and monoclonal antibody infusion
center in the ED parking lot where patients were treated from
November 2020-January 2021. Eligible patients diagnosed
with SARS-CoV-2 infection were either referred by their
primary care physician within the 10-day symptom onset
for monoclonal antibody infusions or were diagnosed at our
COVID-19 tent hospital within the same time frame. During
this surge, the county health department initially allocated
a very limited supply of bamlanivimab for the hospital.
Bamlanivimab was at times randomly distributed due to
demand exceeding supply on a given day. The ECRMC
pharmacists were also required to verify medications on
site and prepare the monoclonal antibody infusions during
business hours only. Therefore, bamlanivimab was available
on a first-come first-served basis during business hours.

Procedure

Emergency department patients were consented and given
information regarding bamlanivimab and the risks and benefits
of treatment in their preferred language, which was primarily
Spanish. The treatment was unblinded to the patient and the
associated healthcare workers. Patients in the treatment group
received bamlanivimab (700 milligrams per 20 milliliters [mL])
mixed with 250 mL normal saline and infused over one hour.
After approval by ECRMC hospital pharmacist, an infusion
would be sent to the ED. An observation time of one hour
was performed by the patient’s nurse and physician following
infusion to observe for any serious hypersensitivity reaction and
anaphylaxis. If patients tolerated medication and had no adverse
response after one hour they were discharged from the ED.

Data Collection

We performed a retrospective chart review from November
1, 2020-January 31, 2021 of patients diagnosed with mild to
moderate SARS-CoV-2 infection who presented to ECRMC
ED or were referred from community primary care physicians.
A convenience sample consisted of eligible patients who
received treatment with bamlanivimab (exposed patients) and
eligible unexposed patients who tested positive for COVID-19
in the ED during this time same period. We collected data
directly through a retrospective review of the hospital’s EHR.
We then performed a search of the patient’s chief complaint
and the International Classification of Diseases, 10th revision,
billing codes in the ED EHR using MedHost information
management software (MedHost, Inc., Franklin, TN), and we
reviewed documentation by the treating emergency clinician
and the pharmacy infusion records. Patient characteristics from
both exposed group and unexposed group were recorded on
a password-protected, patient-deidentified Microsoft Excel
spreadsheet (Microsoft Corporation, Redmond, WA). These

specific characteristics included age, gender, BMI, ethnicity, and
comorbidities including cardiovascular disease/hyperlipidemia,
hypertension, chronic obstructive pulmonary disease (COPD)
or other chronic respiratory disease such as asthma, chronic
kidney disease, diabetes mellitus, or current disease state of
immunosuppression or currently taking immunosuppressive
medication (eg, immunotherapy, anticancer drugs, etc.) and
reported COVID-19 symptom onset (days).

Using Cerner healthcare technology services (Cerner,
North Kansas City, MO), we assessed patient outcomes at
14 days post treatment through health records for inpatient
care and for return visits. We additionally reviewed
severe COVID-19 complications including repeat ED
visits, hospitalization, transfer to outside hospitals, and
complications such as intubation and death. We performed
follow up on these patients with San Diego Health Connect
(San Diego, CA) to ensure that the patients had not beem seen
or admitted at a different county hospital.

Statistical Analysis

We used frequencies and percentages to express categorical
data such as ethnicity, gender, age > 55 years or older, BMI
> 35, and the presence of at least one comorbidity (coronary
artery disease, hypertension, diabetes, cancer/lymphoma,
current use of immunosuppressive drug therapy, chronic
kidney disease/dialysis, or chronic respiratory disease).
Additionally, these factors (variables) along with the exposure
to bamlanivimab or absence of exposure were examined to see
whether there were associations with the following outcomes
within 14 days: ED visit, hospitalization, and mortality.

Means and standard deviations were used to express
continuous data such as age, BMI, and time since onset of
COVID-19 symptoms. We used t-tests to examine whether there
was a statistically significant difference between the unexposed
groups and the bamlanivimab group. Chi-square tests and
bivariate analyses were used to find an association between
the exposure to bamlanivimab and patients’ characteristics
and outcomes variables. Using bivariate analysis, factors that
were significant to a level of 0.10 were then entered in the
full multivariate regression models for ED return visits in 14
days and hospitalizations. The factors that were significant to
a level of 0.05 or less were then kept and entered into the final,
reduced multivariate regression models. We used the variables
that reached to a level of 0.05 in the final, reduced models to
calculate reduction of the outcome — ED return visits in 14 days
and hospitalizations. All analyses were performed using SAS©O
Studio Release 3.8 (Cary, North Carolina, USA).

RESULTS

The ECRMC ED with an annual volume of 46,000
patients had a total of 7,735 patients within the three-month
period, November 1, 2020-January 31, 2021. To detect a 15%
different in treatment effect and using a confidence level of
95%, a of 0.05, and 80% power, we determined that a total
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sample size would need to be 256; at least 57 patients per the unexposed group and 134 patients in the bamlanivimab
treatment arm were required for the likelihood ratio chi-square  arm. The demographics, characteristics, and comorbidities of
for the outcome ED return visits. For the same parameters, interest data are summarized in Table 1. The two groups were

87 hospitalized patients were required.!” We reviewed records ~ comparable for age, gender, ethnicity, and BMI. However,
from a total of 276 COVID-19 positive patients from the ED. the bamlanivimab patients were more likely than unexposed
Six patients were excluded due to incomplete health records. group to have the presence of one or more comorbidities

A total of 270 patient records were included, 136 patients in (P<.0001), age > 55 years old (P <.0001), and BMI > 35 (P =

Table 1. Demographics and characteristics of COVID-19 emergency department patients, comparing no bamlanivimab exposure vs
bamlanivimab exposure.

Characteristics All No bamlanivimab (unexposed) bamlanivimab (exposed) P-value
Age
Mean (SD) 61.7 (13.6) 63.3 (12.4) 60.3 (14.7)
Median 62.0 63.0 62.0 0.0681
Min, max 19, 93 20, 93 19, 91
BMI
Mean (SD) 31.0 (6.6) 30.2 (4.9) 31.8(7.9)
Median 294 29.4 294 0.0517
Min, max 17.1,61.1 17.1,45.6 21.0, 61.1
Symptom onset (days)°
Mean (SD) 4.9 (4.0) 5.2 (4.5) 4.6 (3.3)
Median 4.0 4.0 4.0 0.2144
Min, max 1.0, 28.0 1.0, 28.0 1.0,18.0
No. (%) No. (%) No. (%)
N = 2702 N =136 N =134
Ethnicity
Latinx/Hispanic 247 (91.5) 128 (94.1) 119 (88.8) 0.1180
Other? 23 (8.5) 8 (5.88) 15 (11.2)
Gender
Male 140 (51.9) 71 (52.2) 69 (51.5) 0.9066
Female 130 (48.1) 65 (47.8) 65 (48.5)
Age = 55 years old 209 (77.4) 120 (88.2) 89 (66.4) <.0001
N = 257 N =128 N =129
BMI = 35° 58 (22.6) 19 (14.8) 30 (30.2) 0.0032
Missing 13 8 5
N=2702 N=136 N=134
Comorbidities® 218 (80.7) 94 (69.1) 124 (92.5) <.0001
CAD/HLDf 50 (18.5) 24 (17.6) 26 (19.4) 0.7104
HTN 161 (59.6) 77 (56.6) 84 (62.7) 0.3095

@ Column percentages are represented of the total N = 270, unexposed patients N = 136, exposed patients N = 134, unless the data is
specified as missing.

b Patient reported symptom onset of COVID-19 during evaluation in the ED.

¢ Body mass index (BMI) missing for 13 patients. Total N = 257, unexposed patients N = 128, exposed patients N = 129.

4 Other ethnicity/race who identified themselves as White, Black, or Asian, or non-Latinx/Hispanic.

¢ At least one of the listed comorbidities: diabetes (DM), coronary artery disease/hyperlipidemia (CAD/HLD), hypertension (HTN),
chronic kidney disease (CKD), chronic respiratory disease (CRD), immunosuppression, cancer/lymphoma (Cancer).

fCAD/HLD - History/documented cardiac stents, coronary artery bypass surgery, hyperlipidemia on lipid-lowering agents.

SD, standard deviation; COVID-19, coronavirus disease 2019.
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Table 1. Continued.

Characteristics All No bamlanivimab (unexposed) bamlanivimab (exposed) P-value
DM 111 (41.1) 48 (35.3) 63 (47.0) 0.0503
CKD¢ 12 (4.4) 6 (4.48) 6 (4.41) 0.9791
Immunocompromised" 17 (6.3) 6(4.41) 11 (8.21) 0.1990
Cancer 16 (5.9) 12 (8.82) 4 (3.00) 0.0422
CRD! 29 (10.7) 8(5.9) 21 (15.7) 0.0094

9 History/documented renal failure, peritoneal or hemodialysis.

h Current immunosuppressive therapy such as steroids, anti-cancer, protein drugs, among others.
"CRD includes asthma, pulmonary fibrosis, or chronic obstructive pulmonary disease (COPD), among other chronic lung diseases

0.0032). Overall, 80.7% patients reported at least one of the
comorbidities. The frequencies of each of the comorbidities
in both the unexposed and exposed groups are summarized
in Table 1. There was a statistically significant difference in
the proportion of patients with chronic respiratory disease (P
=0.0094) and cancer (P = 0.0422) within the exposed group
being higher.

Outcomes of both unexposed patients, exposed
bamlanivimab patients, and the differences in their proportions
between groups are reported in Table 2.

Using an a of 0.05 for significance, we found there was
a statistically significant difference between the two groups
in the 14-day outcomes of return visit to the ED (P <.0001),
hospitalization (P = 0.0011), and death (P = 0.0235). In
building the multivariate regression models of outcomes
of ED visits within 14 days (Appendix i) and subsequent
hospitalizations (Appendix ii), we used bivariate associations
from the patient demographics, comorbidities, and exposure to

bamlanivimab infusions. Due to lack of data on the outcomes
of ventilator requirement and death, the variables (factors)
and bamlanivimab exposure could not be analyzed through
regression modeling (Appendix iii).

Outcomes

Overall, the unstratified unexposed patient had a 2.00
(95% confidence interval [CI]: 1.340, 2.977) increased
risk of an ED return visit in 14 days and a 2.27 (95% CI:
1.224, 4.208) increased risk of hospitalization compared to
those who received bamlanivimab (exposed group). There
were no deaths in the exposed group and five deaths overall
in the unexposed group. We placed the variables into a
bivariate analysis to build various regression models of ED
return visits in 14 days and hospitalizations (Appendix iv-
ix). The bivariate associations that were used in producing
the full models were made by removing those variables
that did not reach a level of 0.10. These variables are

Table 2. Clinical outcomes of COVID-19 patients no bamlanivimab exposure vs bamlanivimab exposure.

Outcomes? All patients No Bamlanivimab (Unexposed)  Bamlanivimab (Exposed) P-value
N=270 N =136 N =134
No. (%) No. (%) No. (%)
Return visit to ED in 14 days 67 (24.8) 48 (35.3) 19 (14.2) <0.0001
Hospitalization in 14 days 34 (12.6) 26 (19.1) 8 (6.0) 0.0011
Endotracheal intubation®¢ 3(1.13) 3(2.22) 0(0) 0.0862
Missing 4 4 0
Mortality©d 0.0235
Survived 262 (98.2) 128 (96.2) 134 (100.0)
Died 5(1.9) 5(3.76) 0(0.0)
Missing 3 3 0

@ Column percents presented.

® Endotracheal intubation data missing from 4 patients. Total N = 266, unexposed patients N = 132, exposed patients N = 134.
© Mortality data is missing outcomes of three patients, with total N = 267, unexposed patients N = 132, exposed patients N = 134.
4 Chi-square analysis is unreliable due to >25% of the data missing in cells.

ED, emergency department.
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subsequently placed in intermediate regression models
(Appendix iv-ix). The final outcome, reduced model,

was then produced and in which variables were found

to be significant at an a level of 0.05. The final, reduced
multivariate regression outcome models showed that those
exposed to bamlanivimab was a significant contributor

to decreased ED return visits in 14 days and subsequent
hospitalizations (Table 3 and Table 4).

The final regression models show that the exposed group
(bamlanivimab) had a 22.8% (mean estimate = 0.7717, 95%
CI: 0.6482, 0.8611) risk reduction or 84.4% (0.3030, 95%
CI: 0.166, 0.554, P =.0001) absolute reduction of ED return
visits within 14 days compared to the unexposed groups
after adjusting for chronic kidney disease (Table 4). The
bamlanivimab group had 19.0% (mean estimate = 0.8097,
95% CI: 0.6451, 0.9087) risk reduction or 96.2% (0.235,
95% CI: 0.100, 0.550, P = 0.0008) absolute reduction of
subsequent hospitalizations compared to unexposed patients
after adjusting for diabetes status (Table 4).

Adverse drug reactions to bamlanivimab were recorded
and all nine reports were minor. Post-infusion, there were two
patients with nausea/vomiting, one patient with worsening

dyspnea, five patients with elevated temperature (> 0.6°C),
two patients with chest pain, and no patients with allergic/
anaphylaxis reaction. Although all patients were initially
discharged from the ED after their infusion of bamlanivimab,
four of the nine patients with adverse reactions were later
hospitalized due to worsening of COVID-19 pneumonia.
There were no subsequent deaths reported in the nine patients
who reported an adverse drug reaction.

The number needed to treat for ED visits within 14 days
was 4.73 and for hospitalizations was 7.61. The number
needed to harm for ED visits within 14 days was 0.047 and for
subsequent hospitalizations was 0.076.

DISCUSSION

The data on monoclonal antibody therapies (casirivimab/
imdevimab and bamlanivimab) that were given an EUA by
the FDA in November 2020 is constantly evolving. While
the majority of the studies to date show a reduction of viral
load, there are some studies on patient-centered outcomes
and the impact of initiating therapeutic regimens on hospital
systems.!!"'4!® Previous data demonstrated a 7% absolute
risk reduction for hospitalization and viral load reduction

Table 3. Intermediary regression outcome models for COVID-19 ED return visits in 14 days and hospitalizations.

Variable Likelihood ratio 95%
Outcome N = 2702 Estimate Standard error Cl Wald Chi-Square  P-value
ED return visits
within 14 days
Bamlanivimab -1.24 0.377 -1.220, -1.220 10.8 0.0010°
Male 0.464 0.324 0.464, 0.4634 2.05 0.152
Age 2 55° 0.915 0.476 0.915,0.915 3.69 0.0546°
CKDP 1.184 0.701 1.18,1.18 2.85 0.0914°
Bamlanivimab -1.34 0.4982 -2.39,-0.412 7.24 0.0071°
Male 0.908 0.440 0.0677, 1.808 4.25 0.0391°
Comorbidities 0.4859 0.7869 -1.045, 2.092 0.38 0.5370
Hospitalizations
Age 2 55 1.28 0.810 -0.138, 3.20 2.48 0.115°
CAD/HLD -0.3522 0.5407 -1.496, 0.654 0.42 0.5149
DM 0.686 0.464 -0.205, 1.63 2.18 0.140°
HTN -0.4090 0.5446 -1.459,0.7025 0.56 0.4527
CRD 0.2895 0.6736 -1.145, 1.555 0.18 0.6673
Immunosuppressed -0.1616 0.8893 -2.099, 1.457 0.03 0.8558
Cancer 1.13 0.743 -0.370, 2.60 2.30 0.129°
CKD 0.3769 0.8404 -1.422, 1.947 0.20 0.6538

@ No data missing.

b Variables were statistically significant at a a =0.1 in bivariate analysis and were included in the full regression model.
¢ Variables that were significant in the bivariate analysis at a a =0.1, but not found to be statistically significant and were re-entered into

the developing models prior to the final reduced model.

Cl, confidence interval; ED, emergency department; CKD, chronic kidney disease; CAD, coronary artery disease; HLD, hyperlipidemia;
DM, diabetes mellitus; HTN, hypertension; CRD, chronic respiratory disease.
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Table 4. Final, reduced multivariate regression outcome models of ED visits within 14 days and subsequent hospitalizations.

Var
Outcome Na:;t;l(; Estimate  Standard error  Likelihood ratio 95% CI ~ Wald Chi-Square P-value
ED return visits within
14 days
Bamlanivimab -1.22 0.31 -0.63, -1.84 15.48 <.0001®
CKD 1.28 0.63 0.297, 2.53 4.16 0.0413°
Hospitalizations
Bamlanivimab -1.45 0.4339 -2.36, -0.639 11.14 0.0008°
DM 0.8854 0.38 1.65, 0.1372 5.30 0.0213°

@ No data missing.

b Variables that reached statistical significance at a =0.05 in the final models.
Those receiving bamlanivimab on average had 22.83% (mean estimate = 0.7717; Cl: 0.6482, 0.8611) less risk of having an ED return

visit in 14 days after adjusting for CKD status (P <0.0001).

Those receiving bamlanivimab on average had 19.03% (mean estimate = 0.8097, Cl: 0.6451, 0.9087) less risk of being hospitalized

after adjusting for diabetic status (P = 0.0008 ).

ED, emergency department; CKD, chronic kidney disease; DM, diabetes mellitus.

in patients receiving early monoclonal antibody infusion.!
Recently, a randomized control trial of high-risk residents

in US skilled nursing facilities who received bamlanivimab
demonstrated decreased incidence of SARS-CoV-2 infections
at eight weeks."

Due to variants, the FDA in April 2021 issued a statement
that bamlanivimab cannot be used as a single-therapy regimen
for mild-moderate COVID-19 in high-risk patients. Therefore,
bamlanivimab was being combined with etesevimab until
June 25, 2021, when the EUA was then discontinued for the
combination.?*?> However, a few studies have focused on
outcomes from EDs.?** One ED study demonstrated that there
was no significant difference in comparing a single-therapy
regimen of bamlanivimab vs a combination of casirivimab/
imdevimab on hospitalization outcomes.* A smaller
observational ED study demonstrated that 78% (45) of their
eligible patients given bamlanivimab were discharged from
the ED and 14% (8) were hospitalized.?*

Even prior to the COVID-19 pandemic, ED crowding has
been a major issue faced by EDs throughout the US. In the
ECRMC ED, which already had the highest patient-to-bed
ratio of any ED in San Diego or Imperial counties prior to
the pandemic, crowding reached critical levels.” During the
November surge, the number of inpatients at ECRMC was
nearly double the normal census. Regional referral centers,
overburdened by their own COVID surges, stopped accepting
transfers, making it difficult to reduce the burden on ECRMC
by transferring patients out of county. Critically ill patients
often remained in the ED for days at a time.

Our study is one of the first to date to examine the
efficacy of administering a monoclonal antibody to a primarily
Latinx/Hispanic population in an ED at a border hospital,
specifically to mitigate COVID-19 hospitalizations. Our
regression modeling demonstrated significant reduction of

return visits to the ED and in hospitalizations after controlling
for chronic kidney disease and diabetes, respectively. These
significant reductions may impact mortality due to the
decrease in ED return visits and hospitalizations.

The original bamlanivimab study used for the FDA
EUA showed that the overall incidence of ED return visit,
hospitalization, and/or death within 30 days was only 5.8% in
the placebo group.'* Even the high-risk patients in the placebo
group of this study (those 65 years and older or with BMI >
35) only had hospitalization rates of 13.5%. However, less
than half of the patients in that study were Latinx/Hispanic,
a disadvantaged group known to have a higher incidence of
hospitalization and death from COVID-19.% Not only was our
population predominantly Latinx/Hispanic, they also had a high
incidence of risk factors for complications from COVID-19.
Therefore, monoclonal infusions may have had a much more
pronounced impact on disease reduction in these populations,
and it is significant that we saw such a substantial decrease in
return visits and hospitalizations in our unique population.

Financially, the costs of monoclonal antibody infusion are
substantially less compared to hospitalization for COVID-19.
According to the Centers for Medicare and Medicaid Services,
the cost of hospitalization for COVID-19 has been estimated
to be from $21,936 to $74,310 depending on severity,
complications, and insurance coverage.”” The cost of the
drug itself is zero, but the costs incurred from infusion of
monoclonal antibodies are between $350 - $750.%

LIMITATIONS

This was an observational study conducted in a single-
center ED at a US-Mexico border hospital; thus, it may not be
generalizable to the larger population. Additionally, selection
bias may have been introduced through the non-randomized
convenience sampling of patients with multiple comorbidities
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and mild symptoms of SARS-CoV-2 infection. Because the
researchers were aware of the treatment allocation, this could
have also biased their assessment.

The distribution of bamlanivimab was unpredictable due
to the surging prevalence of COVID-19 in the community.

This created a lack of predictability in who ultimately received
treatment with bamlanivimab, and eligible patients may or may
not have received treatment in a timely manner. However, this
may have been minimized by an ongoing active campaign to
inform patients and physicians within the community regarding
bamlanivimab infusions in the ED such that patients did come
during designated hours of infusion, which would have enabled
us to include as many potential eligible patients as possible.
Although some may question the reliability of the ED return visit
outcome, the patients in our study were followed in detail and
the data appears to support a substantial decrease in preventing
subsequent hospitalizations for the exposed group. Additionally,
the endotracheal intubation/ventilator and mortality outcomes
were too small to allow for comparisons. These outcomes were
likely confounded because some patients who expired had been
placed on comfort care prior to being intubated.

Given concerns that COVID-19 surges are imminent, we
decided that these results should be submitted for publication
in hopes that the data could be used to quickly operationalize
in areas most vulnerable to overwhelming COVID-19 surges.
It is noteworthy that the November and December surge was
prior to the discovery of the several COVID-19 variants now
known to be spreading across the country. There is evidence
to suggest that bamlanivimab alone may not have similar
effectiveness against variants.?” This may be likely due to the
decreased predominance of more virulent and/or transmissible
variants that are not susceptible to neutralization and the rise
of these variants of concern that can escape neutralization of
monoclonal antibody treatment. Therefore, FDA protocols are
now for other combination monoclonal antibody treatment.?'23

Future studies may focus on how monoclonal antibody
infusions could efficiently be operationalized as these ED
visits could potentially increase the number of patients
seeking monoclonal antibody treatment, which could be a
potential confounder in surges. Additionally of value would
be a multicenter, randomized, and placebo-controlled study
with a large proportion of patients who belong to vulnerable
populations such as Latinx/Hispanics in order to observe
whether or not monoclonal antibodies do have a similar effect,
especially with the advent of variants of SARS-CoV-2.

CONCLUSION

Our study found a 22.8% risk reduction in return ED
visits and 19.0% risk reduction of subsequent hospitalizations
in high-risk COVID-19 patients who received bamlanivimab
compared to those who did not receive bamlanivimab. We
believe that operationalizing monoclonal antibody infusions in
high-risk COVID-19 patients could be made into an effective
strategy for mitigating the COVID-19 surges at lower-

resourced US-Mexico border hospitals.
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Introduction: New evidence suggests that emergency department (ED)-based infectious diseases
screening programs have utility. We aimed to compare clinic-based and ED-based hepatitis C virus
(HCV) screening programs within a single health system, to identify key differences in HCV antibody
(Ab) positivity and chronic HCV, as well as population demographics.

Methods: In the clinic-based program, adults in the birth cohort (born 1945-1965) were screened
for HCV. In the ED-based program, non-targeted HCV screening of all adults was conducted. We
included patients screened between June 2019—June 2020. Patients were screened for anti-HCV
Ab, and positive results were followed by HCV viral load (VL) testing. Our primary outcomes were
seroprevalence of HCV Ab and HCV VL.

Results: There were 1,296 and 12,778 patients screened for HCV in the clinics and the ED, respectively.
In the clinic setting, 13 patients (1%) screened positive for HCV Ab and nine (69%) completed VL testing,
which was positive in one patient (11%). In the ED, 1,053 patients (8%) screened positive for HCV Ab

and 847 (80%) underwent reflex VL testing, which was positive in 381 patients (45%). In an ED birth
cohort sub-analysis, Hepatitis C virus Ab seroprevalence was 15% (675/4521).

Conclusion: In this study of patients in a single healthcare system, ED-based HCV screening was
higher yield than clinic-based screening. [West J Emerg Med. 2022;22(3)312-317.]

INTRODUCTION

There are an estimated 150 million people with chronic
hepatitis C virus (HCV) globally.! In the United States (US),
HCYV is the most common bloodborne infection, and it is re-
sponsible for more deaths than any other chronic infectious
disease in the country, largely because of its association with
cirrhosis and hepatocellular carcinoma.?® For reasons that are
unclear, HCV-related mortality has increased in recent decades,
while mortality rates for 60 other notable infectious diseases,

including human immunodeficiency virus (HIV) and hepatitis B
virus (HBV), have decreased.? In 2020 the US Centers for Dis-
ease Control and Prevention (CDC) released guidelines recom-
mending HCV screening in all adults 18 years and older.* With
curative treatments becoming more accessible and affordable,
systematic approaches to identifying infected individuals could
drastically reduce the burden of disease.>®

While screening for infectious diseases has historically
been viewed as a primary care service, a growing body of
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evidence has emerged suggesting that emergency department
(ED)-based screening protocols have utility, given the tendency
for EDs to care for medically underserved and behaviorally
high-risk populations.”® Screening programs based in EDs
have demonstrated success in screening for infectious diseases
including HCV, HIV, and HBV.”-'* However, using the ED
as a setting for delivery of public health interventions remains
controversial.” There is limited data comparing HCV screen-
ing practices between ambulatory and ED settings; therefore, it
remains unclear whether ED-based HCV screening programs
provide utility, relative to traditional clinic-based programs.
Our health system implemented an ED-based HCV
screening program in November 2018 and a clinic-based
program in May 2019. In this study our goal was to compare
clinic-based and ED-based HCV screening programs within a
single health system to identify key differences in HCV anti-
body (Ab) positivity and chronic HCV, as well as population
demographics and risk profiles.

METHODS
Overview

This was a retrospective cohort analysis comparing
HCYV screening initiatives between the ED and clinic setting
within the University of California Davis Health system.
On November 27, 2018, the health system implemented
a non-targeted, ED-based HCV screening program of all
adults undergoing phlebotomy as part of their ED workup.
On May 7, 2019, our institution implemented an HCV
screening program in its ambulatory care clinic (ACC)
network for all individuals born between 1945-1965. The
ACC-based screening program was pharmacist-driven, and
we characterize the implementation of this program. The
study institution’s ED-based HCV screening program has
been previously described.!® These HCV screening programs
are the result of a collaboration between the ED, primary care
clinics, specialty pharmacy, the Division of Gastroenterology
and Hepatology, the Sacramento County Health Department,
and the local Federally Qualified Health Centers (FQHC).
All authors had access to the study data and reviewed and
approved the final manuscript. This study was determined not
to be human subjects research by the UC Davis Institutional
Review Board Quality Improvement Self-Certification Tool.

Study Setting and Population

UC Davis Health is a quaternary referral, academic health
system in northern California. The study ED is a Level |
adult and pediatric trauma center that services a mixed urban
and rural population and has more than 80,000 patient visits
annually. Six primary care clinics from the ACC network were
included in the study.

Program Implementation
Pharmacist-Driven HCV Screening Program Design
Hepatology and infectious diseases clinical pharmacists

Population Health Research Capsule

What do we already know about this issue?
Hepatitis C virus (HCV) screening is
typically performed in clinic, but new data
suggest that emergency departments (ED)
are an important setting for screening.

What was the research question?

Is HCV antibody prevalence different
between ED and clinic populations within
the same health system?

What was the major finding of the study?
HCV antibody prevalence was §-fold
higher in the ED (8%) compared to the
clinics (1%).

How does this improve population health?
Screening for HCV in the ED is high yield
and can complement traditional clinic-
based screening.

collaborated with primary care clinics to conduct HCV
screening. Education on HCV screening and management
was provided to all practicing physicians at each site, and they
were given the opportunity to opt into the pharmacist screening
program. The screening initiative was implemented in six
primary care clinics out of a total of 13 internal medicine primary
care clinics in our health system. A total of 41 staff physicians
and 58 medical residents opted into the program. The screening
program consisted of a pharmacist and a patient navigator and
used a report that identified patients who had an overdue Best
Practice Advisory (BPA) for HCV screening based on birth years
1945-1965. Individual patient health records were reviewed for
documentation of previous HCV Ab testing in outside records
accessible via the Epic Care Everywhere interoperability
platform (Epic Systems Corporation, Verona, WI) and were
excluded if a result was present.

Eligible patients were then notified by either
Epic Mychart electronic messaging or a written
letter 30 days prior to ordering HCV Ab testing. A
phone number was provided to allow for patients to
opt out of HCV screening. After the 30-day waiting
period, pharmacists placed the HCV Ab order,
which remained active for one year. For positive HCV
Ab results, pharmacists reviewed results with patients by
phone and placed orders for the HCV viral load (VL) and
HCYV genotype. Patients with negative HCV Ab tests were
notified by either Mychart or written letter. The pharmacist
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notified physicians of positive HCV VL results and
discussed the plan to disclose new diagnoses to patients, as
well as to refer patients to hepatology clinic for treatment. If
HCV VL testing was negative, the pharmacist discussed
results with the patient via phone.

Brief Summary of ED Screening Program Design

All ED patients >18 years and born after 1945, who were
having blood drawn for any clinical purpose and did not have
a positive HCV RNA test result in the electronic health record
(EHR) within the prior six months, were eligible for opt-out
HCYV screening. Upon entering any laboratory order into the
EHR, a BPA notified the emergency clinician that the patient
met screening criteria; at that point, clinicians were required to
respond to continue with the order entry. Complete details of
the ED-based program have been previously described.!¢

Hepatitis C Virus Laboratory Testing Protocol

HCV screening was conducted by testing
blood samples with a chemiluminescent immunoassay that
detects HCV Ab (Architect 11000, Abbott Laboratories,
Abbott Park, IL). Positive HCV-AD tests underwent
diagnostic confirmation by measuring HCV RNA viral load
(Cobas AmpliPrep/TagMan, Roche Diagnostics, Basel,
Switzerland). Results of HCV-Ab testing were typically
available within 1-3 days. The results of VL testing were
typically available within four days.

Study Design

We performed a retrospective cohort analysis comparing
outcomes between HCV screening settings (ACC vs ED),
over a 12-month study period. We consecutively included
all patients who received HCV testing as part of the ACC
or ED screening programs, between June 6, 2019—June 5,
2020. We excluded from our analysis patients who were tested
for HCV by emergency clinicians (unprompted by BPA).
Data were abstracted directly from the EHR using computer-
generated reports; ancillary research staff who procured the
reports were not involved with the study and were blinded
to the study aims and hypotheses. No manual chart review
was performed. The ED data abstracted included age, gender,
ethnicity/race, ED visit date, ED chief complaint, clinic HCV
testing date, insurance type (Medicare, Medicaid/other public,
self-insured/uninsured) and results of HCV testing. Data were
stored in de-identified datasets, and each patient was given a
unique identifier to maintain patient confidentiality. To prevent
duplicate data, only a patient’s first ED visit where they
received HCV testing was included in our analysis.

Outcomes

The primary outcomes were HCV-Ab
seropositivity (number positive/number tested) and the
number of confirmed chronic HCV cases (defined as
detectable HCV RNA viral load).

Analysis

Data were described with simple descriptive statistics.
Categorical variables were expressed as percentages and
proportions, and continuous variables were expressed as
means or medians (Q1-Q3). We provided 95% confidence
intervals (CI) where appropriate. Comparisons between
groups were made using Fischer’s exact test. We performed
statistical analysis using Stata 15.1 (StataCorp LLC, College
Station, TX).

RESULTS

Characteristics of Study Subjects

A total of 1,296 patients were screened in the ACC, and

a total of 12,778 patients were screened in the ED during
the study period. In the ACC, 3,569 patients were notified
of their eligibility for HCV screening; 52 (2%) patients
opted out, 1,296 (36%) patients completed screening, and
2,221 (62%) of patients did not complete screening within
the study timeframe. The ED-based BPA was accepted by
clinicians in 47% (12,778/27,270) of patient visits in which
it fired. Patients screened in the ED were younger than those
screened in outpatient clinics (mean age: 46 £+ 16 years

vs 66 + 6 years). Gender data was similar between study
cohorts. Most patients screened in the ACC were White,
whereas race was more evenly distributed among patients
screened in the ED (White: ACC = 72%; ED = 43%). Full
patient characteristics are described in Table 1.

Screening Results

HCV-ADb screening was reactive in 1% (13/1296, 95%
CI: 0.4, 1.6) of patients screened in the ACC, compared
to 8% (1,053/12,778, 95% CI: 7.8, 8.8) of patients screened in
the ED. Follow-up VL testing was performed in 69%
(9/13) of HCV-Ab reactive patients in the ACC, and in 80%
(847 /1,053) of HCV-Ab reactive patients in the ED. Viral load
was positive in 11% (1/9, 95% CI: 0.2, 48.2) of patients tested
in the ACC and 45% (381/847, 95% CI: 42, 48) of patients
tested in the ED. The HCV-ADb seropositivity of ED
patients tested in the birth cohort age 55-74 was 15-fold
higher compared to those tested in the ACC (Table 2).

Most patients who screened positive for HCV Ab in the
ED were in the birth cohort 55-74 years: 675/1,053 (64%);
however, VL was more likely to be reactive in patients
18-54 years compared to those a 55-74 years old (50%
[155/308, 95% CI: 45, 56] vs 42% [226/539, 95%
CI: 38, 46), P = 0.02]. In the ED, no patients over 75
screened positive for HBV Ab (N = 14).

DISCUSSION
Screening for HCV in the ED was higher yield than
clinic-based screening. Disparities in HCV seropositivity
suggest that ED-based infectious disease screening programs
can complement traditional outpatient screening programs.
An estimated 2.4 million people in the United States are
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Table 1. Patient characteristics stratified by screening setting

Characteristic ED (N =12,778)

ACC (N = 1296) Difference (95% CI)

46 + 16
51% (6,502/12,776)

Age (years)1
Female Gender

Race
White 43% (5,391/12,589)
Black 18% (2,332/12,589)
Asian 8% (970/12,589)
Other/Mixed 31% (3,896/12,589)
Undomiciled 8% (984/12,115)

Insurance Type
Private 59% (7,587/12,778)
18% (2,324/12,778)
17% (2,216/12,778)

5% (651/12,778)

Medicare
Medicaid/Other Public
Self/Uninsured

66 + 6 20 (19, 21)
52% (674/1,296) 1(2to0 4)
72% (902/1,256) 29 (26, 32)

8% (99/1,256) 119, 12)
10% (121/1,256) 2(0.3,3.7)
10% (124/1,256) 21 (19, 23)

<1% (1/1,296) 8(7,9)
60% (781/1,296) 1(2to0 4)
39% (506/1,296) 21 (18, 24)

1% (9/1,296) 16 (15, 17)
0% (0/1,296) 5 (5, 5)

'Only patients between the ages of 55-74 years were eligible for screening in the ACC, whereas all patients 218 years in the ED were

eligible for screening.

ACC, acute care clinics; ED, emergency department; C/, confidence interval.

Table 2. Hepatitis C virus results stratified by screening setting
and age group.

ED’ ACC
Age 18-54 Age 55-74 Age 55-74
HCV-Ab 378/8243 (5%) 675/4521 (15%) 13/1296 (1%)
Reactive
HCV-VL 155/308 (50%) 226/539 (42%) 1/9 (11%)
Positive

"No patients over 75 years tested positive for HCV Ab (N = 14).
Ab, antibody; ACC, acute care clinic; ED, emergency department;
HCYV, hepatitis C virus; VL, viral load.

living with hepatitis C, and it is estimated that only half are
aware of their HCV-positive status.*!” Risk of contracting
HCYV has been shown to be especially high in individuals
who are undomiciled, engage in high-risk sexual practices,
share needles and other drug injection equipment, or have
been incarcerated.'® These individuals also have lower rates
of health insurance coverage and often have limited access
to primary care services, contributing to frequent visits to the
ED.'8 In this study we found that patients who were tested
for HCV in the ED were more likely to have had previous
exposure to HCV (detectable HCV Ab) and were more likely
to have chronic HCV (detectable HCV VL) than those who
were tested as part of clinic-based initiatives.

The ED and ACC cohorts differed substantively in
many key domains. These differences can be partially
ascribed to the patient populations who were selected for
screening. It is unsurprising that patients tested in the
ACC setting were older, given that the ACC conducted
birth cohort screening of patients born between 1945-
1965, whereas the ED conducted non-targeted screening

of adults. Historically, the birth-cohort age group has been
classified as the highest risk population, due to iatrogenic
exposures such as blood transfusions pre-1992 and dialysis,
as well as lifestyle factors such as injection drug use."
However, recent data has caused experts to question these
risk profiles, leading the US CDC to extend its screening
recommendations to all adults > 18 years.*

The seroprevalence of HCV Ab in the ACC (1%) was
similar to the national average of patients within a similar
birth cohort (1.6%).2° The overall seroprevalence of HCV
Ab in the entire ED cohort was 8%, which is similar to that
reported by other ED-based, non-targeted HCV screening
studies (6-13.2%).!321-3 Interestingly, the seroprevalence of
HCV Ab in the ED birth cohort (15%) was higher than what
has been reported previously by other ED-based, birth cohort,
HCV screening studies (6.3-9.9%).'2>?* In our study, birth-
cohort patients tested in the ED were 15-fold more likely to
have had exposure to HCV (HCV-Ab seropositive), and nearly
fourfold more likely to have active hepatitis C (HCV-VL
seropositive), when compared to patients tested in the ACC.
Patients tested in the ED were more likely to be non-White or
of mixed ancestry, undomiciled, and uninsured/self-pay. This
data implies a stark socioeconomic and demographic divide
between ED and ACC patients, suggesting that lifestyle risk
factors may be driving disparities in health outcomes. Future
ED-based, HCV risk-factor studies could assist in identifying
high-risk patients.

As the public health needs of communities continue to
outpace the capacity of clinicians and public health authorities,
the role of the pharmacist in leading screening initiatives has
expanded to meet these needs. Pharmacist-driven public health
initiatives have demonstrated success in myriad settings.?3! In
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our study an outpatient HCV testing program led by a single
pharmacist and program navigator was able to screen over
1,200 patients for HCV in one year. While the ACC screening
program diagnosed only one new case of HCV, this modest
result is likely attributable to the fact that screening was
limited to the birth cohort; one would expect a higher yield of
new HCV diagnoses if a universal screening protocol of all
adult patients was adopted.

LIMITATIONS

The results of our study must be interpreted in light of its
limitations. This was a study from a single health system; so
our findings may not be generalizable to all settings. The ED
and ACC HCYV screening programs differed in many ways.
While the ACC employed a birth-cohort screening protocol,
the ED universally screened all adults, which logically led
to substantive differences in study populations. However, to
account for this difference, we included a sub-analysis that
compared only patients screened in the birth cohort in the
ED to those screened in the ACC, which demonstrated an
even more profound difference in HCV-AD reactivity in the
ED population. While the ED used an automated BPA that
was integrated into the EHR, which would automatically
initiate HCV orders (with clinician approval) on any patient
undergoing phlebotomy, orders for HCV screening had to
be manually entered by study pharmacists. While automated
HCYV test orders were accepted in only 47% of patients in the
ED, this was still numerically greater than the 36% of eligible
patients who completed testing in the ACC.

There may be several reasons why HCV testing uptake
was low in the ACC. In the ACC, patients had one year from
the time the HCV order was placed to go to the laboratory
to complete testing; however, if they had no other reason to
access laboratory services during that time, they were unlikely
to receive HCV testing. Additionally, patients who may have
had their testing done after the end date of the study period
(June 5, 2020), would not have had this testing counted as
part of this study. Since the ED cares for substantially more
patients annually than the ACC, the ED cohort was much
larger than the ACC cohort. Limited data were available with
respect to the patient characteristics of study cohorts; future
studies should further explore important population-level
differences between testing settings, such as socioeconomic
status, history of HIV, history of illicit drug use, and other
potential risk factors for HCV infection. Linkage-to-care data
were not available for this study. Since only a patient’s first
HCYV testing encounter was included in our analysis, the effect
of frequent ED visits (and frequent HCV testing) from high
utilizing individuals was not accounted for, which may have
led to an overestimation of true ED testing yields.

CONCLUSION
Emergency department-based screening for hepatitis C virus
was higher yield than clinic-based screening. Disparities in

HCYV seropositivity highlight key demographic differences
between settings and marked risk differences between these
populations. Overall, these results contest the long-held
dogma that infectious disease screening should be conducted
only in the outpatient setting. Emergency department-based
screening strategies complement traditional clinic-based
screening strategies and may help provide these services to
populations that otherwise would not be able to access them.
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Introduction: Medical students lack adequate training on how to correctly don and doff personal
protective equipment (PPE). Simulation-based mastery learning (SBML) is an effective technique for
procedural education. The aim of this study was to determine whether SBML improves proper PPE
donning and doffing by medical students.

Methods: This was a prospective, pre-test/post-test study of 155 medical students on demonstration of
correct PPE use before and after a SBML intervention. Subjects completed standard hospital training
by viewing a US Centers for Disease Control and Prevention training video on proper PPE use prior

to the intervention. They then participated in a SBML training session that included baseline testing,
deliberate practice with expert feedback, and post-testing until mastery was achieved. Students were
assessed using a previously developed 21-item checklist on donning and doffing PPE with a minimum
passing standard (MPS) of 21/21 items. We analyzed differences between pre-test and post-test
scores using paired t-tests. Students at preclinical and clinical levels of training were compared with an
independent t-test.

Results: Two participants (1.3%) met the MPS on pre-test. Of the remaining 153 subjects who
participated in the intervention, 151 (98.7%) reached mastery. Comparison of mean scores from pre-
test to final post-test significantly improved from an average raw score of 12.55/21 (standard deviation
[SD] = 2.86), to 21/21(SD = 0), t(150) = 36.3, P <0.001. There was no difference between pre-test
scores of pre-clinical and clinical students.

Conclusion: Simulation-based mastery learning improves medical student performance in PPE
donning and doffing in a simulated environment. This approach standardizes PPE training for students
in advance of clinical experiences. [West J Emerg Med. 2022;22(3)318-323.]

INTRODUCTION To prevent dangerous occupational exposures, students must
Students are routinely exposed to blood, bodily fluids, and  learn the proper technique for donning and doffing personal
other potentially infectious agents during clinical rotations.'>*  protective equipment (PPE).* Recently, the coronavirus 2019
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(COVID-19) pandemic placed further demands on medical
schools and teaching hospitals to standardize PPE training for
students ahead of their clinical experiences.

Despite these mandates, research shows that medical
students receive inadequate training in PPE use, hand hygiene,
and universal precautions.>® Moreover, PPE training programs
commonly lack requirements for demonstration of technical
proficiency.’ A study of PPE donning and doffing skills found
that 92.5% of medical students had one or more lapses in
procedural technique.® Traditional teaching modalities such
as computer-based modules, videos, lectures, and other PPE
training approaches used by occupational health services have
been found to not adequately prepare medical students for the
clinical environment.>!%!1

Simulation-based mastery learning (SBML) is an
instructional method that may address these training gaps.
Mastery learning is an educational model that ensures all
trainees meet a high, pre-defined standard for the learning.'
The SBML programs feature seven standard components
including clearly defined learning objectives; a minimum
passing standard (MPS) for proficiency; baseline skills
testing using a standardized assessment; engagement in
an educational activity with deliberate practice of a skill
with expert feedback; post-testing to determine whether
the MPS for mastery was achieved; continued practice
until the mastery standard is reached; and advancement
to the next educational activity only once the mastery
standard is reached.!> Using SBML improves medical
student performance of a wide range of procedural skills
including peripheral intravenous catheter insertion, chest
tube thoracostomy, laceration repair, chest compressions, and
bag-valve-mask ventilation.!*!® To date, there have been no
studies examining the use of SBML to teach PPE donning
and doffing procedures to medical students.

In this study our aim was to determine whether SBML is
an effective instructional technique for donning and doffing of
PPE by medical students. The primary outcome was student
performance of the procedure following a SBML intervention
as assessed by a previously developed checklist. Secondary
outcomes included a comparison of performance by students
with and without previous clinical exposure.

METHODS
Study Design

This was a prospective, pre-test/post-test study of medical
student subjects before and after a mastery learning educational
intervention with a simulated clinical encounter. This study was
deemed exempt by the institutional review board.

Study Population and Setting

Eligible subjects included pre-clinical, second-year medical
students enrolled in a Practice of Medicine (POM) course and
clinical third- and fourth-year medical students completing a
required emergency medicine (EM) clerkship. The study was

Population Health Research Capsule

What do we already know about this issue?
Medical students lack adequate training
on how to correctly don and doff personal
protective equipment (PPE).

What was the research question?

Is simulation-based mastery learning (SBML)
an effective instructional technique for
improving performance in donning and doffing
of PPE by medical students?

What was the major finding of the study?
98.7% of students (151/153) achieved mastery
in donning and doffing PPE after SBML.

How does this improve population health?
Medical schools should consider SBML when
training students to don and doff PPE to better
protect them prior to clinical experiences.

conducted at a university-based teaching hospital (Stanford
University School of Medicine) between July-December 2020.
Students provided verbal informed consent prior to participation,
and those who declined to participate in the research study still
received the educational intervention.

Study Protocol

We assessed subject performance of PPE donning and
doffing techniques necessary for a clinical exposure to an
airborne pathogen using a two-glove technique. Training
occurred in a classroom space designed to simulate a
medical examination room with a door and no anteroom.
Students were asked to demonstrate donning and doffing of
PPE for a patient under airborne precautions. We provided
subjects standard PPE including a gown, two sets of non-
sterile gloves, disposable goggles, and a simulated N-95
mask. Due to a national shortage of N95 face masks, we
constructed simulated N95 masks using elastic bands
stapled to an 8-ounce paper bowl, as described in a study
by Pokrajac et al.!”

The assessment tool was a previously published 21-item
checklist of proper PPE use in a similar clinical training
program.'” The checklist was created using PPE guidelines
from the US Centers for Disease Control and Prevention
(CDC) and Stanford Health Care Infection Control. The MPS
was 21/21 items performed correctly, which was determined
by a Mastery Angoff standard setting in the previous
study.!” We similarly used this passing standard in our study,
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with one point awarded for items performed correctly and
zero points for omitted or incorrectly performed items. Seven
emergency medicine (EM) faculty members (four women,
three men) completed asynchronous rater training using a
30-minute training video on administration of the mastery
learning curriculum, expert demonstration of correct PPE use,
checklist review, and mock assessments. To calibrate scoring,
raters spent an additional 30 minutes using the checklist to
score three standardized videos, and their responses were
then compared. The seven EM faculty members also served
as facilitators for the SBML session. All had completed a
faculty-based SBML session on donning and doffing PPE, and
all had experience facilitating simulation cases with medical
students. Within the 30-minute training video, 10 minutes
were dedicated to facilitator training specifically on the
administration of the mastery learning curriculum.

Prior to the educational intervention, subjects completed
standard hospital training on PPE donning and doffing by
asynchronously viewing a CDC video on hand hygiene and
PPE donning-and-doffing sequence. This video corresponded
to the checklist items. Subjects had access to the video from
three months to immediately before their session and were
required to attest to viewing the video as part of a hospital-
wide protocol. We scheduled two-hour sessions, with two
facilitators who also served as raters and a maximum of
16 students. During the students’ scheduled PPE mastery
learning session, they underwent baseline testing, deliberate
practice with feedback, and post-testing. Baseline testing
occurred after students asynchronously watched the CDC
training video but before the mastery learning intervention.
During the mastery learning session, all students had time
for deliberate practice, including at least one demonstration
of donning and doffing of PPE with targeted feedback,
prior to post-testing. Deliberate practice occurred until the
student felt comfortable with the procedure and that no more
practice was required. Students who did not meet the MPS
were provided additional deliberate practice until mastery
was achieved.

Data Collection

One trained faculty member rated students using the 21-
item checklist during baseline and post-testing assessments.
Prior to baseline testing, students completed a pre-survey that
included demographic information and any additional PPE
training beyond the required video viewing.

Data Analysis

We performed statistical analysis using SPSS Statistics for
Windows, version 26, (IBM Corp., Armonk, NY). Baseline
test scores and final post-test scores were analyzed using
two-tailed paired t-test. We analyzed within-group differences
for POM, and EM subjects were analyzed using a two-
sample t-test. We used central tendency metrics to summarize
demographic and survey data.

RESULTS

Of 168 eligible subjects, 155 completed baseline testing
(Table), and 13 students did not due to schedule conflicts;
73 (62.9%) reported previous PPE training in addition to
the hospital-required videos. Two students met the MPS at

Table. Demographics of participants.

Characteristic Students (N = 155)
Male 61 (39.4%)
Female 88 (56.7%)
Other 1(0.6%)
Declined to answer 5(3.2%)

POM (preclinical) 101 (65.2%)
EM (clinical) 54 (34.8%)

POM, pre-clinical Practice of Medicine course; EM, emergency
medicine clerkship.

baseline assessment, leaving 153 students to participate in
the mastery learning session. Of these, 151 subjects achieved
mastery in post-testing, and two did not. Performance
improved from a mean baseline testing score of 12.55/21
(standard deviation [SD] = 2.86), to a post-test mean score of
21/21(SD = 0), t(150) = 36.3, P <0.001) (Figure). There were
no significant differences in mean baseline scores for pre-
clinical students (POM, M = 12.64, SD = 3.15) and clinical
students (EM, M = 12.80, SD = 2.76) t(153) = 0.30, P = 0.77).
We calculated percent agreement on checklist rating of the
three standardized videos for the seven raters (four women,
three men), which was determined to be 96%.

DISCUSSION

This study demonstrates the effectiveness of SBML to
teach PPE donning and doffing technique to medical students
with a standardized measure of skill proficiency in a simulated
clinical environment. Student subjects in our study achieved
the same mastery standards for the procedure as resident
and attending physicians in a previously published SBML
study.'” This suggests that SBML effectively trains individuals
to properly use PPE, regardless of the degree of their prior
clinical experience. This study adds to the growing body
of literature supporting the use of mastery learning as the
gold standard for teaching bedside skills and procedures in
preparation for clinical practice.!*-'¢

All but two subjects failed to meet the MPS at baseline
testing for proper PPE use despite the usual medical school and
hospital infection control training, ad-hoc clinical instruction
on the wards, and mandatory viewing of a CDC video that
mirrored our assessment checklist. This failure rate is similar
to that in a 2016 study by John et al in which 98.9% of student
subjects had one or more lapses in required PPE technique.’
Students in that study had similar rates of prior PPE training
experiences to our study subjects and, importantly, none had
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Figure. Baseline and final post-test scores of medical students on donning and doffing personal protective equipment, using a 21-

item checklist.

been required to demonstrate procedural proficiency. These
are very concerning findings, especially in light of the ongoing
COVID-19 pandemic. It is imperative that medical schools
improve PPE training and other infection control education to
better protect their students for clinical experiences.

Two features of SBML likely contributed to achievement
of a mastery standard in this study. First, SBML incorporates
deliberate practice with expert feedback and no time limit
for practice, leading to improved procedural competency.'*!?
Standard hospital infection control training generally offers
little if any skills practice, thus reducing its success in providing
procedural competency. ® Additionally, while most of participants
in this study achieved mastery with deliberate practice and expert
feedback, two participants in our study did not meet the MPS
in the time allotted. This highlights the need for unlimited time
for deliberate practice to ensure procedural competency. This
shift from time-limited to time-unlimited practice is essential to
mastery learning. Secondly, learners must be proficiency tested
and attain a minimum passing score to complete a SMBL session
and achieve mastery. Proficiency testing increases procedural
skill retention compared to practice alone.'®

While deliberate practice and proficiency testing require
simulation supplies and significant faculty time, the potential
return on investment by medical schools is great if training

prevents even a small number of occupational exposures or in-
hospital infections. For example, Barsuk et al demonstrated the
effectiveness of SBML to reduce central line-associated bacterial
infections in an intensive care unit setting and thus reduction in
hospital costs.'” Additionally, a recent review of SBML studies
with Tier 2—Tier 4 research outcomes by Griswold-Theodorson

et al highlights the capability of SBML to improve patient

care processes and cost reduction, beyond the simulation lab.?’
Therefore, medical schools should strongly consider using SBML
when designing PPE training for medical students.

Criticisms of mastery learning include the time required to
implement this teaching modality.? In our study, each SBML
session lasted two hours with two faculty and a maximum of
16 students. On average, each student required 15 minutes to
complete baseline testing, deliberate practice, and post-testing.
However, while 151/153 students completed the entire SBML,
two subjects required greater than four post-testing attempts
and were still unable to reach mastery due to unanticipated time
constraints for additional deliberate practice. These two subjects
were pre-clinical students with very limited clinical exposure,
early in their second year of medical school, as compared to
the other subjects. All students should achieve a predetermined
MPS during SBML sessions that do not limit time for deliberate
practice. Our sessions were limited to two hours only given
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institutional constraints, likely contributing to the incomplete
performance of the two study subjects. We recommend
scheduling SBML sessions with ample time to accommodate
all learners and offering additional training sessions for some
learners as needed.

LIMITATIONS

Our findings have several limitations. We conducted this
study at a single medical school associated with a university-
based teaching hospital, which may limit generalizability.
Additionally, the study used a pre-test/post-test design without
randomization. Participants received standard hospital PPE
training; thus, students’ baseline testing served as the control for
the study. Subjects viewed preparatory videos asynchrony-ously,
with unclear time between preparation and the intervention;
this may have contributed to variations in pre-test scores. While
student completion of viewing the assigned videos was not
recorded in this study, viewing the videos was a hospital-wide
protocol that required attestation. It should be further be noted
that we only evaluated students donning and doffing PPE for
airborne precautions; other variations in PPE donning and
doffing were not evaluated. Scheduling constraints prevented 13
students from fully participating in the study, and two students
lacked the deliberate practice time necessary to achieve mastery.
Additionally, we conducted this study in a simulated clinical
environment. Further studies are required to confirm that PPE
donning and doffing skills translate to the clinical environment
and to demonstrate skill retention in clinical practice. Lastly,
further studies are required to determine the effectiveness of other
teaching interventions compared with SBML methodology.

CONCLUSION

Simulation-based mastery learning improves medical
student performance of standard PPE use in a simulated clinical
environment. It is an effective instructional method that should
be considered by medical schools. Further studies are necessary
to demonstrate skill retention in clinical practice.
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Introduction: Thoracic trauma is the second leading cause of death after traumatic brain injury in
children presenting with blunt chest trauma, which represents 80% of thoracic trauma in children. We
hypothesized that older children undergo more clinical and surgical changes in management than
younger children screened for intrathoracic injury at a single, urban, pediatric Level | trauma center.

Methods: In this retrospective observational study, we determined the frequencies and types of lesions
diagnosed only by chest computed tomography (CCT) and resulting changes of clinical and surgical
management among different age groups in a pediatric cohort examined for blunt trauma with chest
radiograph and CCT. We used logistic regression to quantify variations in CCT diagnoses and changes
in clinical and surgical management across age groups. For each age category, we determined the
odds ratio for diagnosis made only on CCT and subsequent changes in all clinical management and,
specifically, surgical management. We performed the test of trend to determine the relationship across
age with changes in management resulting from additional diagnoses made by CCT.

Results: We analyzed data on 1,235 patients screened for intrathoracic injury. We found the following
overall clinical management and surgical management changes, respectively, per age group: 0-2
years, 5/128 (3.9) and 0/128 (0.0); 3-6 years, 11/212 (5.2) and 1/212 (0.5); 7-10 years, 16/175 (9.1)
and 2/175 (1.1); 11-13 years, 17/188 (9.0) and 3/188 (1.6); 14-17 years, 58/532 (10.9) and 25/532
(4.7). There were no observed surgical management changes in the 0-2 age group and, thus, no
estimated odds ratio could be calculated. The adjusted odds ratios for the occurrence of surgical
change in management (14-17 age group as reference) was 0.1 (0.0-0.9) for 3-6 years, 0.3 (0.1-1.3)
for 7-10 years, and 0.3 (0.1- 1.1) for 11-13 years. The trend of odds ratios across ages showed that
with every subsequent year of life there was a 10% increase in management change and a 30%
increase in surgical management change.

Conclusion: Chest computed tomography plays a limited role in younger children and seldom
significantly changes management albeit making additional diagnoses. [West J Emerg Med.
2022;22(3)324-333.]

INTRODUCTION children admitted to the hospital with trauma, it has a high
Trauma is the leading cause of morbidity and mortality morbidity and mortality.! Advanced Trauma Life Support
in children. While thoracic trauma occurs in about 5-12% of guidelines recommend chest radiograph (CXR) as the initial
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diagnostic imaging modality for the evaluation of thoracic
trauma.* Computed tomography of the chest (CCT) is
still widely used in the evaluation of trauma patients. The
hypothetical benefits of speed, convenience, and anatomic
detail provided by CCT have made it an appealing diagnostic
and screening choice for several decades.* The actual radiation
exposure, cost, and its contribution to an increased length
of stay (LOS) in the emergency department (ED) are real
considerations that must be weighed and limit the use of CCT
in children when feasible.>

A decision instrument has been derived and validated
for when to obtain a CCT in trauma patients >15 years.”® In
younger children, clinical prediction rules and guidelines
assist clinicians with regard to suitable utilization of CCT
in blunt trauma, but these are not validated.’'* Studies
demonstrate implementation of these guidelines can
decrease CT utilization for trauma; however, adoption at
individual centers, even pediatric trauma centers, varies.!'>!¢
Children are more likely to undergo a CT if they are older,
more severely injured (higher Injury Severity Score [ISS]),
have a lower Glasgow Coma Scale (GCS), motor vehicle
collision (MVC) injury as a mechanism, or have severe head,
chest, or abdominal injuries.'” What is known to a lesser
degree is how often current imaging of children leads to
abnormal findings on CCT that lead to significant procedural
interventions or poor outcome and how that outcome is
associated with pediatric subgroups by age.

Goals of the Study

We hypothesized that older children would undergo more
clinical and surgical changes in management than younger
children screened for intrathoracic injury at a single, urban,
pediatric Level I trauma center when CCT identified an injury
not demonstrated on CXR.

METHODS
Study Design and Setting

We analyzed data from a retrospective observational study
of pediatric trauma. Our local institutional review board (IRB)
approved the study. We performed a retrospective analysis of
children treated at Children’s Memorial Hermann Hospital in
Houston, TX, from 2009-2015. Memorial Hermann Hospital
Medical Center is the only American College of Surgeons-
verified Level I adult and pediatric trauma center in Houston.
Annually, the center sees about 6000 trauma patients >16 years
and about 1200 trauma patients 15 years and younger.

Patients

We included patients <18 years evaluated with CXR
followed by CCT within 24 hours of blunt trauma. Therefore,
all patients had a gold standard comparison to the CXR
and represented all patients screened for thoracic trauma at
our institution. Patient data elements were queried from the
institutional trauma registry. The trauma registry uses as its

Population Health Research Capsule

What do we already know about this issue?
Thoracic injury is the 2nd leading cause of
death in blunt trauma. Computed tomography
chest (CCT) is more sensitive than radiograph
but doesn t always spur change in management.

What was the research question?

Do older children undergo more changes in
management than younger children screened
for thoracic injury with CCT?

What was the major finding of the study?
Diagnoses on CCT prompted surgical
management in 0.9% of patients 13 years
and under, in contrast to 4.7% of patients
14-17 years.

How does this improve population health?
Assessing the impact of diagnoses made by
CCT on clinical and surgical management by
pediatric age groups will help clinicians tailor
their use of CCT.

inclusion criteria the National Trauma Data Standard Data
Dictionary, which includes the presence of International
Classification of Diseases, revisions 9 and 10 (ICD9/ICD10)
codable injury presenting within 14 days of the injury (and
excludes patients whose injuries were only isolated and
superficial such as abrasions and soft tissue contusions). In
addition, patients must meet one of the following criteria:
admitted patients (observation or inpatient); dead on arrival/died
in the ED; transfer out of the ED for higher level of care; or
transfer in from an acute care ED/hospital regardless of whether
they were discharged from the ED or admitted to the hospital.

The registry identifies trauma patients presenting to
the ED and assigns them a registry number. Registrars
abstract patient medical records for 65 data points containing
such elements as vitals, dates and times, prehospital data,
procedures, comorbidities, outcomes, and financial data.
The validation process is rigorous and includes audits of
up to 10% of each trauma registrar by the trauma registry
manager, physician investigator, nurses, and trauma program
managers. In addition, data abstraction forms, software-related
validation, feedback to the trauma registrars, and educational
courses, including workshops on Abbreviated Injury Scale-ISS
coding and scoring, ensure reliable data collection.

We did not analyze patients who only had CCT performed
without a CXR or those who had CXR occurring after the
CCT, as the latter may have influenced the reading on the
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CXR. While some children had a pan CT scan (a wide field-
of-view CT imaging protocol from the head to the pubic
symphysis) during this time period, some received the CCT
only after a screening CXR. This was clinician dependent. We
excluded patients with penetrating injury or injuries occurring
greater than 24 hours prior to admission. As age of the injury
could alter the appearance on the imaging study introducing
bias, we focused on acute injuries. While it is difficult to
isolate patients who specifically experienced blunt chest
trauma, we obtained the total number of blunt trauma patients.
We focused our analysis on patients definitively evaluated

for chest trauma with CXR and CCT from all blunt trauma
patients. We further subdivided the patients into five age
groups: 0-2 years; 3-6 years; 7-10 years; 11-13 years; and 14-
17 years to discern differences in diagnoses made on imaging
and management changes based on differences in diagnoses
by modality.

Measurements and Outcomes

Four physician chart extractors queried the electronic
health record (EHR) to determine specific diagnoses made
on CXR and CCT and confirm the timing of any resulting
procedures. Another physician reviewed 20% of these, and
any discrepancy was settled by all parties. Images were read
by radiologists from Memorial Herman Hospital. Change in
management is the occurrence of a procedure resulting from
a new diagnosis by CCT, not observed by the CXR. Outcome
variables were diagnoses made by CCT as well as ensuing
changes in clinical management attributable to the diagnoses
reported by the CCT. The intrathoracic diagnoses categories
were as follows: 1) contusion/atelectasis; 2) pneumothorax;
3) hemothorax/effusion; 4) rib fractures; 5) other fracture; 6)
vascular injury; 7) mediastinal abnormality; 8) diaphragm
rupture; 9) foreign body; and 10) incidental findings. The
presence of each was determined on both CXR and CCT.

We also determined the types of clinical management
changes, including surgical and medical changes, attributable
to the CCT. These included the following: 1) chest tube; 2)
surgical repair of fractures; 3) utilization of a brace, sling or
non-weight-bearing (NWB), corset; 4) additional imaging
such as magnetic resonance imaging (MRI) of specific
body parts, esophograms, aortic angiograms, and skeletal
radiographs; (5) surgical vascular repair; 6) medical vascular
repair (therapeutic anticoagulation); 7) removal of a foreign
body; 8) follow-up/referral to a specialist for incidental
finding on CCT (ie, cardiology, oncology, pediatric surgery);
and 9) surgical repair of the diaphragm. When any of these
situations were present along with a discrepancy between
diagnoses found on CXR and CCT, we considered it a change
in management.

The independent variables were patients’ demographic
and clinical characteristics. We collected information on age,
gender, race/ethnicity, ISS, systolic blood pressure (SBP),
heart rate, and GCS measured at arrival to the ED, as well

as information on the mechanism of injury, and disposition
from the ED. We further classified SPB and heart rate as
hypotension and tachycardia, respectively for age, using
Pediatric Advanced Life Support guidelines. We classified
the mechanism of injury as MVC, including motorcycle and
all-terrain vehicles, pedestrian or cyclist struck by a vehicle
(auto-ped), falling, sports, machinery (exposure to inanimate
mechanical forces as described in ICD-10 W20-W49 such
as struck by, thrown, projected or falling object, contact
with nonpowered hand tool, and explosion and rupture of
other specified pressurized devices), and assault as well as
non-accidental trauma . Emergency department disposition
included admission to the hospital, admission to the intensive
care unit, disposition to the operating room for surgery,
discharge to home, or death in the ED.

We conformed to the methods of proper medical review
studies.'® All data abstractors used a standardized instrument
to collect injury data and clinical and surgical procedures
from the EHR. Abstractors were trained in determining the
time course of the intervention in relation to the CXR and
CCT. Inclusion and exclusion criteria were strictly defined,
and categorization of injury and types of procedures were
determined in advance. We monitored research abstractors
for accuracy by double checking data entry. Data abstractors
were aware of the original study hypothesis, that CCT would
discover more injuries than CXR but would only change
clinical and surgical management in a minority of patients, but
they were not aware of the secondary analysis hypothesis that
older children would undergo most of the clinical and surgical
management changes in comparison to younger children.
The trauma database and its validation process are described
above, and the IRB approved the study as stated.

Data Analysis

We determined the characteristics of patients in each
age group including demographics, injury mechanism, and
hospital disposition. We determined the rates and types of
clinical and surgical management changes across different age
groups. To quantify the variations in CT diagnosis, change
in clinical management and change in surgical management
across age groups, we used logistic regression. We fit separate
models for the dependent variables: CT diagnosis; change in
clinical management; and change in surgical management.
The independent variable was patient age, which we classified
into five pediatric age groups: 0-2 years; 3-6 years; 7-10
years; 11-13 years; and 14-17 years. For each age category,
we determined the odds ratio for CT diagnosis, change in
clinical management, and change in surgical management.
We repeated the analysis adjusting the model for injury
mechanism (fall, MVC, and other), ISS, and GCS.

RESULTS
There were 1,235 patients with blunt trauma evaluated
by both CCT and CXR meeting inclusion criteria from 8,283
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similarly aged patients presenting with blunt trauma over the
study time period. Table 1 shows the total number of blunt
trauma patients seen at our facility per age group and the
percentages of those scanned with both CCT and CXR for
intrathoracic injury.

Table 2 shows the patient demographics of those screened
with both imaging modalities. Gender, race/ethnicity, disposition
from ED, and ISS were relatively stable across age groups.

Mechanism of injury shifted across age groups with falls/
sporting injuries occurring most commonly in the youngest two
age groups and assaults in the oldest age group (P =<0.01.) The
MVC/motorcycle injuries were most common in the two oldest
age groups. A GCS < 12 and hypotension for age were present in
the highest percentages in the youngest age groups, but only GCS
<12 was statistically significant (P =< 0.01). Tachycardia was
most common in the two oldest age groups (P=<0.01).

Table 1. Proportion of pediatric blunt trauma patients undergoing screening for intrathoracic injury.

Ages 0-2 Ages 3-6 Ages 7-10 Ages 11-13 Ages 14-17 Total
All blunt trauma patients, N 1,744 1,826 1,228 883 1,364 8,283
All blunt trauma patients undergoing 128 (7.3) 212 (11.6) 175 (14.3) 188 (21.0) 532 (39.0) 1,235 (15.0)
CXR and CCT, N (%)
CXR, chest radiograph; CCT, chest computed tomography.
Table 2. Patient characteristics by age group.
Age group
0-2 years 3-6 years 7-10 years 11-13 years 14-17 years
N =128 N =212 N=175 N =188 N =532
median (IQR) median (IQR) median (IQR) median (IQR) median (IQR) P-value @
1.7 (1.1-2.0) 4.0(4.0-6.0) 8.0(7.0-9.0) 12.0(12.0-13.0) 16.0(15.0-17.0)
Gender, N (%) 0.44
Female 58 (45.3) 91 (42.9) 71 (40.6) 72 (38.3) 200 (37.6)
Male 70 (54.7) 121 (57.1) 104 (59.4) 116 (61.7) 332 (62.4)
Race, N (%) 0.10
Asian 0 (0.0) 6(2.8) 6(3.4) 4(2.1) 8 (1.5)
Black 34 (26.6) 31 (14.6) 35 (20.0) 33 (17.6) 91 (17.1)
Hispanic 57 (44.5) 80 (37.7) 61 (34.9) 67 (35.6) 193 (36.3)
Other 2(1.6) 5(2.4) 3(1.7) 2(1.1) 9(1.7)
White 35 (27.3) 90 (42.5) 70 (40.0) 82 (43.6) 231 (43.4)
Mechanism, N (%) <0.01
Assault/non- 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 12 (2.3)
accidental
Fall, sporting, 43 (33.6) 0(14.2) 15 (8.6) 0 (5.3) 47 (8.8)
machine
Motor vehicle, 54 (42.2) 140 (66.0) 115 (65.7) 132 (70.2) 387 (72.7)
motorcycle
Pedestrian/bicycle 31(24.2) 2 (19.8) 44 (25.1) 46 (24.5) 86 (16.2)
Disposition, N (%) 0.11
Admitted to hospital 49 (38.3) 92 (43.4) 80 (45.7) 80 (42.6) 238 (44.7)
Admitted to ICU 65 (50.8) 93 (43.9) 65 (37.1) 74 (39.4) 194 (36.5)
Death 0 (0.0) 0 (0.0) 0(0.0) 2(1.1) 1(0.2)
Home 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 3(0.6)
Surgery 14 (10.9) 27 (12.7) 30 (17.1) 32 (17.0) 96 (18.0)

aP-value for hypotension was derived from Fisher’s exact test. All other p-values were derived from Pearson’s chi-square test.
IQR, interquartile range; ICU, intensive care unit.
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Table 2. Continued.
Age group
0-2 years 3-6 years 7-10 years 11-13 years 14-17 years
N =128 N =212 N=175 N =188 N =532
median (IQR) median (IQR) median (IQR) median (IQR) median (IQR) P-value @
1.7 (1.1-2.0) 4.0(4.0-6.0) 8.0(7.0-9.0) 12.0(12.0-13.0) 16.0(15.0-17.0)

Injury Severity Score, 0.15
N (%)

<15 53 (41.4) 113 (53.3) 92 (52.6) 84 (44.7) 259 (48.7)

>15 75 (58.6 99 (46.7) 83 (47.4) 104 (55.3) 273 (51.3)
Glasgow Coma Score, 0.01
N (%)

>12 72 (56.3) 126 (59.4) 120 (68.6) 125 (66.5) 377 (70.9)

<12 54 (42.2) 82 (38.7) 55 (31.4) 61 (32.4) 151 (28.4)
Hypotension, N (%) 0.29

Yes 8 (6.3) 8 (3.8) 3(1.7) 6(3.2) 17 (3.2)

No 114 (89.1) 204 (96.2) 169 (96.6) 182 (96.8) 513 (96.4)
Tachycardia, N (%) <0.01

Yes 12 (9.4) 33 (15.6) 15 (8.6) 93 (49.5) 242 (45.5)

No 116 (90.6) 179 (84.4) 160 (91.4) 95 (50.5) 290 (54.5)

aP-value for hypotension was derived from Fisher’s exact test. All other p-values were derived from Pearson’s chi-square test.

IQR, interquartile range; ICU, intensive care unit.

When the five age groups were compared, the unadjusted
and adjusted ORs of undergoing any clinical management
changes were lower across younger age groups but only
statistically significant for the 3-6 year group (unadjusted OR
0.4; confidence interval [CI]: 0.2-0.9); adjusted OR 0.5; CI:
0.2-1.0.) See Table 3a. Similarly, the odds of having a surgical
management change were lower in the younger age groups but
only statistically significant for the 3-6 year group (unadjusted
OR 0.1; 95% CI: 0.0-0.7; adjusted OR 0.1; 95% CI: 0.0-0.9.)
See Table 3a.

The use of CCT in making additional diagnoses when
compared to CXR did not appear to change across age groups.
Confidence intervals were either wide or crossed one (Table
3b). Of note, we did not include a statistical analysis for
vascular injury, foreign body, and diaphragm rupture due to
the small numbers found on CCT. There were 13 vascular
injuries found on CCT in our total cohort, three in the 11-13
year age group and 10 in the 14-17 year age group. There was
one diaphragmatic hernia diagnosis made on CCT in the 14-
17 year age group. For foreign bodies, CCT diagnosed one
in the 3-6 year age group, three in the 7-10 year age group,
and one in the 11-14 year age group. The trend test across
consecutive ages demonstrated an unadjusted and adjusted
OR of undergoing any clinical management change of 1.1
(95% CI: 1.0-1.1; P-value < 0.01) and 1.1 (95% CI: 1.0-1.1;
P-value 0.01), respectively. There was 10% increased odds
of undergoing a change in management with each subsequent
year of life. Similarly, the trend test across consecutive ages

demonstrated an unadjusted and adjusted OR of undergoing
a surgical management change of 1.3 (95% CI: 1.1- 1.4;
P-value <0.01) and 1.2 (95% CI: 1.1- 1.4; P-value < 0.01),
respectively. There was 20% increased odds of undergoing
a surgical change in management with each subsequent year
of life. The trend test did not show a difference in the odds
of CCT finding specific lesions not captured on CXR across
consecutive age groups (Table 4).

The frequency of surgical and nonsurgical changes
in management increased with age (Table 5). The leading
surgical changes were chest tubes and surgical repairs for
fractures, followed by surgical repairs for vascular injuries.
The percentages of surgical management changes within each
age cohort increased with age across the five groups (0%,
0.5%, 1.1%, 1.5%, and 4.9%). The majority of nonsurgical
changes in management were use of a brace followed by sling
or non-weight bearing; corset; and more imaging. The oldest
age group contained over half of all non-surgical management
changes.

DISCUSSION

The clinical impact of CCT according to pediatric age
group has not been determined in previous studies. In our
study, older age groups as opposed to younger age groups
underwent more evaluations with CCT than with CXR alone.
The detection of important injuries and ensuing clinical and
surgical changes in management were also more likely to
occur in older age groups. Most of those surgical management
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Table 3a. Associations between age and changes in clinical and surgical management.

N / Subgroup (%)

Unadjusted odds ratio (95% ClI)

Adjusted odds ratio (95% Cl) @

Management change

0-2 years 5/128 (3.9) 0.3(0.1-0.8) 0.4 (0.2-1.1)
3-6 years 11/212(5.2) 0.4 (0.2-0.9) 0.5(0.2-1.0)
7-10 years 16 /175 (9.1) 0.8 (0.5-1.5) 1.0(0.5-1.8)
11-13 years 17 /188 (9.0) 0.8 (0.5-1.4) 0.8(0.4-1.4)
14-17 years 58 /532 (10.9) Reference® Reference®
Surgical management change

0-2 years 0/128 (0.0) - -

3-6 years 1/212 (0.5) 0.1(0.0-0.7) 0.1(0.0-0.9)
7-10 years 2/175(1.1) 0.2 (0.1-1.0) 0.3(0.1-1.3)
11-13 years 3/188 (1.6) 0.3(0.1-1.1) 0.3(0.1-1.1)
14-17 years 25/532 (4.7) Reference® Reference®

aThe adjusted odds ratios were adjusted for injury mechanism (fall, motor vehicle collision, and other), injury severity score, Glasgow
Coma Scale, hypotension, and tachycardia.

b Refers to reference used to calculate the odds ratios.

Cl, confidence interval.

Table 3b. Association between age and positive chest computed tomography findings.
N (CCT only) /

N (Positive diagnosis?)/ Unadjusted odds ratio Adjusted odds ratio®

(subgroup) (%) (positive diagnosis?) (%) (95% ClI) (95% Cl) ©

Pneumothorax

0-2 years 21/128 (16.4) 15721 (71.4) 1.6 (0.6 -4.4) 1.8 (0.6 -5.7)

3-6 years 41/212(19.3) 24/ 41 (58.5) 0.9(0.5-1.9) 0.8 (0.4 -1.6)

7-10 years 36 /175 (20.6) 27136 (75.0) 1.9(0.8-44) 1.6 (0.6 —3.8)

11-13 years 517188 (27.1) 34 /51 (66.7) 1.3(0.7-2.5) 1.3(0.7-2.7)

14-17 years 140 /532 (26.3) 85/ 140 (60.7) Reference? Reference!
Hemothorax/effusion

0-2 years 2/128 (1.6) 0/2(0.0) - -

3-6 years 1/212(0.5) 1/1(100.0) - -

7-10 years 10/175 (5.7) 7 /10 (70.0) 1.4 (0.3-6.7) 1.3(0.2-7.9)

11-13 years 11/188 (5.9) 9/11 (81.8) 2.8(0.5-15.1) 3.8 (0.6 — 26.5)

14-17 years 29 /532 (5.5) 18/29 (62.1) Reference? Reference?
Other fractures

0-2 years 13/128 (10.2) 6/13 (46.2) 0.6 (0.2-1.9) 0.8 (0.2 -2.8)

3-6 years 36/212 (17.0) 19/ 36 (52.8) 0.8(0.4-1.7) 0.8 (0.4 -1.8)

7-10 years 39/175 (22.3) 18 /39 (46.2) 0.6 (0.3-1.2) 0.7 (0.3-1.4)

11-13 years 49 /188 (26.1) 251749 (51.0) 0.7 (0.4 -1.4) 0.8 (0.4 -1.6)

14-17 years 126 /532 (23.7) 741126 (58.7) Reference? Reference?
Mediastinal abnormality

0-2 years 6/128 (4.7) 3/6(50.0) 1.9 (0.3-10.3) 3.2(0.4-27.9)

aPositive diagnosis consisted of total number of patients who had positive diagnosis in either CCT or chest radiograph (CXR).

®The odds in the logistic regression model had CCT only as numerator and all other positive imaging diagnoses (CXR only, and both
CCT and CXR) as denominator.

¢ The adjusted odds ratios were adjusted for injury mechanism (fall, motor vehicle collision, and other), Injury Severity Score, Glasgow
Coma Scale, hypotension, and tachycardia.

¢ Refers to reference used to calculate the odds ratios.

CCT, chest computed tomography; CI, confidence interval.
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Table 3b. Continued.

N (Positive diagnosis?)/

N (CCT only) /

Unadjusted odds ratio Adjusted odds ratio®

(subgroup) (%) (positive diagnosis?) (%) (95% ClI) (95% Cl)©
3-6 years 11/212(5.2) 6/11 (54.5) 2.3(0.6 - 8.4) 1.9(0.5-7.9)
7-10 years 9/175(5.1) 3/9(33.3) 0.9(0.2-4.2) 0.9(0.2-4.7)
11-13 years 19/188 (10.1) 7119 (36.8) 1.1 (0.4 -3.3) 0.9(0.3-3.0)
14-17 years 55/532 (10.3) 19/55 (34.5) Reference? Reference®

Incidental finding

0-2 years 9/128 (7.0) 8/9(88.9) 2.3(0.3-20.6) 2.1(0.2-214)
3-6 years 6/212(2.8) 5/6(83.3) 1.5(0.2-13.8) 1.2 (0.1 -13.4)
7-10 years 71175 (4.0) 6/7(85.7) 1.8 (0.2-16.0) 2.4 (0.2-26.5)
11-13 years 19/188 (10.1) 14 /19 (73.7) 0.8(0.2-2.7) 0.7 (0.2 - 2.5)
14-17 years 53 /532 (10.0) 41 /53 (77.4) Reference? Reference?

2 Positive diagnosis consisted of total number of patients who had positive diagnosis in either CCT or chest radiograph (CXR).
®The odds in the logistic regression model had CCT only as numerator and all other positive imaging diagnoses (CXR only, and both

CCT and CXR) as denominator.

¢ The adjusted odds ratios were adjusted for injury mechanism (fall, motor vehicle collision, and other), Injury Severity Score, Glasgow

Coma Scale, hypotension, and tachycardia.
4 Refers to reference used to calculate the odds ratios.
CCT, chest computed tomography; CI, confidence interval.

changes occurred in the oldest of the five subgroups of age.
Over half of any clinical management changes occurred in
the oldest age group. Trauma centers use different age cutoffs
ranging from 2-21 years of age for designation of pediatric
trauma vs adult trauma; the optimal inflection point is not
known. The age cutoff is important as it often determines the
types of screening modalities a patient will receive, guided
by either trauma surgeons or pediatric surgeons. Knowing the
impact of CCT in age groups and individual ages is critical
to help better inform that distinction while recognizing that
the decision is often locally resource driven. While many
freestanding children’s hospitals screen children with CXR,
the vast majority of children evaluated at general EDs may be
at risk of getting the pan CT scan.

Prior studies show lower trends in CT utilization in
patients <14 years than those 15-54 years of age.! Roudsari
and colleagues reported an increasing trend in pediatric CCT
between 19962005, but utilization leveled between 2005-2010.
Korley’s analysis of nationwide data using the National Hospital
Ambulatory Medical Care Survey, on the contrary, demonstrated
an increased trend in the overall use of CT and MRI in children
aged 3-18 years from 1998-2007.% Yet there was not an equal
rise in the prevalence of diagnoses of life-threatening disorders
or in the disposition of patients. Details regarding the nature of
these injuries and the presence of clinical clues prior to imaging
were missing in this analysis. Another study examining CT
use for patients with abdominal pain also demonstrated an
increase in utility without an increase in the rate of diagnosis of
significant intra-abdominal conditions.?' A query of the National
Trauma Data Bank from 2014 to 2016 of children under 14
years discovered CCT utilization occurred in 3%, 13%, and

22% of children when they had no injuries, minimal injury, and
moderate injury to the chest, respectively.”? Level 1 stand-alone
pediatric centers displayed significantly lower CT utilization
rates than others. Our trauma center is a mixed trauma center,
and the majority of patients seen annually are adults. Until June
2016, CCT was still employed in chest trauma screening. Since
then, children 15 years and under receive a CXR unless there is
a concern for a widened mediastinum. The 16 years and older
group may undergo either modality.

Our prior analysis demonstrated that while CCT may
diagnose more lesions, only 8.7% of the study group
experienced any change in clinical management and 2.6%
experienced a change in surgical management due to CCT.?
When the total blunt trauma population makes up the
denominator, those percentages drop to 1.3% and 0.37%,
respectively. Furthermore, a closer analysis of patient
clinical characteristics for the “other fractures,” and the
vascular injuries found on CCT resulting in surgical change
in management, had physical exam findings, low GCS or
unstable vitals, which would have prompted further imaging
or investigations.!® Our data is in stark contrast to Langdorf et
al.’s findings in adults when analyzing occult injuries found in
CCT and not on CXR.** They found up to 25% occult injuries
on CCT and of those, 14% and 24% resulting in major and
minor interventions, respectively.

Chest computed tomography may expose a pediatric
patient to 1.5 millisievert (mSV) if the child is less than age
five years and over 8 mSV when the child is over 10 years
of age.” The known long-term sequelae of exposing the
developing child to ionizing radiation has led to increased
efforts to appropriately diagnose trauma-related injuries and
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Table 4. Association between age and changes in management, surgical management and positive chest computed tomography findings.

Unadjusted Adjusted®
Odds ratio® (95% ClI) P-value Odds ratio® (95% ClI) P-value

Management change 1.1(1.0-1.1) <0.01 1.1(1.0-1.1) 0.01
Surgical management change 1.3(1.1-1.4) <0.01 1.2(1.1-14) <0.01
Positive chest CT findings

Pneumothorax 1.0 (0.9-1.0) 0.54 1.0 (0.9-1.0) 0.87

Hemothorax effusion 1.0(0.9-1.2) 0.80 0.9(0.8-1.1) 0.55

Other fractures 1.0(1.0-1.1) 0.13 1.0(1.0-1.1) 0.30

Mediastinal abnormality 1.0 (0.9-1.0) 0.31 1.0(0.9-1.1) 0.45

Foreign body 0.9(0.8-1.1) 0.37 0.9(0.7-1.1) 0.35

Incidental finding 0.9 (0.8 -1.0) 0.22 0.9(0.8-1.1) 0.32

a The adjusted odds ratios were adjusted for injury mechanism (fall, motor vehicle collision, and other), Injury Severity Score, Glasgow

Coma Scale, hypotension, and tachycardia.
® Odds ratio for each additional year of age.
CT, computed tomography; C/, confidence interval.

Table 5. Frequencies of changes in management by age group.

Age group
Management code, N (%) 0-2 years 3-6 years 7-10 years 11-13 years 14-17 years

Surgical management

Chest tube 0(0.0) 0(0.0) 2(1.1) 1(0.5) 11 (2.1)

Surgery for fracture 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 9(1.7)

Surgical vascular repair 0(0.0) 0(0.0) 0(0.0) 1(0.5) 5(0.9)

Foreign body removal 0 (0.0) 1(0.5) 0 (0.0) 1(0.5) 0 (0.0)

Diaphragm repair 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(0.2)
Non-Surgical management

Brace 2 (1.6) 5(2.4) 5(2.9) 7(3.7) 14 (2.6)

Sling, or NWB; corset 1(0.8) 2(0.9) 6 (3.4) 5(2.7) 14 (2.6)

More imaging 1(0.8) 3(1.4) 5(2.9) 2(1.1) 11 (2.1)

Medical vascular repair 0(0.0) 0(0.0) 0(0.0) 1(0.5) 2(0.4)

(therapeutic anticoagulation)

Specialist follow-up 1(0.8) 1(0.5) 0(0.0) 0(0.0) 2(0.4)

NWAB, non weight-bearing.

minimize radiation exposure in children when possible.?® The
use of CCT should also include consideration of charges and
costs to patient, insurers, and society. At our teaching facility,
the technical and professional charge for a CCT with contrast
is $4.,262 and $385, respectively. Currently, medical imaging

is one of the costliest diagnostic techniques and the most used.

Imaging machines are very expensive; a new, higher slice
CT machine costs as much as $2.5 million not including the
recurring maintenance and equipment fees. Aside from these
charges, obtaining these studies adds to the LOS to obtain
images and await their readings. The overwhelming majority
of the studies we performed in children in our cohort made
no difference to their management, but this was especially

true for the younger children. Moreover, CCT may actually
prolong LOS, contributing to an inefficient healthcare system.
In a recent analysis, the liberal utilization of CT did not lead
to a quicker discharge home, and more than four CTs were
independently associated with longer LOS independent of
ISS.? In addition, when scanning the cervical spine or the
chest, there was at least one false positive result for every two
clinically significant findings obtained, calling into question
the practice of liberal imaging of these regions.’

Ultimately, readers will differ in opinion as to what delineates
significant thoracic trauma as there are no widely accepted
delineations or gauges of magnitude. Inter-specialty differences
of opinion about the clinical implication of specific injuries
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exist.”” While minor missed injuries may heal on their own, ones
that are more critical may become evident with repeated exams
and observation, strict return precautions, and appropriate follow-
up. In the pursuit of a zero missed-injury rate, we must weigh the
risk beyond cost, time, and resources with the threat of iatrogenic
cancer and contrast-induced nephropathy. Clear and respectful
communication with patients and families and shared decision-
making with proper documentation are key to balancing the risks
and benefits of trauma imaging.

The American College of Surgeons has historically
used age 15 as the cutoff between adult and pediatric trauma
designation based upon physiological and anatomic estimates.
The age cutoff may vary depending on local resources within
a hospital system. This is important as imaging protocols are
often developed separately for pediatric and adult patients.
Information about the outcomes associated with CCT is
pivotal in judicious imaging practices and limiting radiation
exposure to more vulnerable populations.

LIMITATIONS

First, because our study was retrospective some
information from the EHR and trauma registry may have been
more susceptible to misclassification and bias compared to
prospective studies. Our study represents pediatric patients
treated at our mixed trauma facility in Houston, Texas,
which sees both adults and children. Our results may not be
generalizable to other institutions locally or nationally with
differing proportions of age groups in their centers. However,
we do have the influence of both general trauma surgeons as
well as pediatric surgeons, as experienced at different centers.
Studies have shown higher rates of CT usage at adult and
mixed trauma centers vs pediatric trauma centers.?$-*

Our categories of changes in management secondary to
CCT may not encompass factors that other clinicians may
deem important. Some would add to our list and include
admission to hospital for observation, as a significant
change in management. Furthermore, we defined a change
in management resulting from a procedure performed after
the CCT in the setting of a discordance of diagnoses between
the two imaging modalities. This has the inherent risk of
overselling the impact of CCT. It is also possible there was a
bias toward change in management given the overdependence
on CCT. None of the 128 patients in the 0-2 years age group
who received a CCT had a surgical change in management.
However, there were far fewer patients in this category than
in the older age groups, limiting the power of the observation.
These limitations naturally occur with retrospective studies.

CONCLUSION

We demonstrate that young children seldom undergo
management changes when additional diagnoses occur on
chest computed tomography in pediatric trauma. Practitioners
should be thoughtful about automatically obtaining a CCT on
the young, multi-trauma patient.
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Introduction: Trauma exposure is a highly prevalent experience for patients and clinicians in emergency
medicine (EM). Trauma-informed care (TIC) is an effective framework to mitigate the negative health
impacts of trauma. This systematic review synthesizes the range of TIC interventions in EM, with a focus
on patient and clinician outcomes, and identifies gaps in the current research on implementing TIC.

Methods: The study was registered with PROSPERO (CRD42020205182). We systematically searched
peer-reviewed journals and abstracts in the PubMed, EMBASE (Elsevier), PsycINFO (EBSCO), Social
Services Abstract (ProQuest), and CINAHL (EBSCO) databases from 1990 onward on August 12, 2020.
We analyzed studies describing explicit TIC interventions in the ED setting using inductive qualitative
content analysis to identify recurrent themes and identify unique trauma-informed interventions in

each study. Studies not explicitly citing TIC were excluded. Studies were assessed for bias using the
Newcastle-Ottawa criteria and Critical Appraisal Skills Programme (CASP) Checklist.

Results: We identified a total of 1,372 studies and abstracts, with 10 meeting inclusion criteria for final
analysis. Themes within TIC interventions that emerged included educational interventions, collaborations
with allied health professionals and community organizations, and patient and clinician safety
interventions. Educational interventions included lectures, online modules, and standardized patient
exercises. Collaborations with community organizations focused on addressing social determinants

of health. All interventions suggested a positive impact from TIC on either clinicians or patients, but
outcomes data remain limited.

Conclusion: Trauma-informed care is a nascent field in EM with limited operationalization of TIC
approaches. Future studies with patient and clinician outcomes analyzing universal TIC precautions and
systems-level interventions are needed. [West J Emerg Med. 2022;22(3)334—-344.]

INTRODUCTION The Substance Abuse and Mental Health Services Administration

Background (SAMHSA) defines trauma as “an event, series of events, or
Trauma exposure is a highly prevalent experience in the set of circumstances that is experienced by an individual as

emergency department (ED) for both patients and clinicians.'*® physically or emotionally harmful or life-threatening and that
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has lasting adverse effects on the individual’s functioning and
mental, physical, social, emotional, or spiritual well-being.””’
This definition of trauma encompasses experiences that range
from individual (eg, car accident, death of a loved one), to
interpersonal (eg, interpersonal violence [IPV], discrimination,
abuse), to societal (eg, natural disasters, pandemics, terrorist
attacks). Newer publications have expanded this definition to
explicitly address structural trauma (eg, racism, sexism).®

Patients frequently present to the ED with the types of
trauma defined above: individual (medical traumas/injuries);
IPV; and societal traumas (gun violence and community
violence). In the United States, the yearly incidence of these
events range from 1.7 million ED visits for assault-related
injury' to 88,000 due to firearm-related injuries,? and over
28,000 ED visits attributed to IPV.? Patients presenting
with acute trauma often are survivors of previous traumatic
experiences; a survey of survivors of community violence
participating in a hospital-based violence intervention program
found that 100% of participants reported at least one adverse
childhood experience.’ These previous traumatic experiences
are not equally distributed, with those self-identified as
female, American Indian/Alaskan Native, and Black being
more likely to experience several types of adverse childhood
experience than those self-identified as male or White.!?

For some survivors of trauma, the experience of the ED
may be re-traumatizing or trigger past experiences.!' Survivors
of trauma may experience emotional dysregulation (ie, trouble
controlling strong emotions) or hypervigilance (ie, increased
threat perception and reactivity).'? The close interplay
between executive functioning and emotional regulation
may impact both the patient and the care team’s navigation
of the encounter.!? Similarly, hypervigilance could make the
often-hectic environment of the ED, as well as interventional
procedures, harder to tolerate.!?

The ED setting, by virtue of its emergency-level care,
presents multiple potential sources for both direct and secondary
trauma (ie, indirect exposure to traumatic events) to clinicians
and non-clinical staff. The COVID-19 pandemic demonstrated
the toll secondary trauma exposure can have on frontline
healthcare workers and staff.* Staff practicing in the ED also
experience high rates of workplace violence (ie, direct trauma).
56 The combination of direct trauma and secondary trauma likely
contributes to the high rates of post-traumatic stress disorder
(PTSD) and secondary traumatic stress (STS) experienced
by emergency clinicians. About 11.9-16.8% of emergency
physicians screen positive for PTSD and STS symptoms at any
one time,"*'® and these rates may be even higher in emergency
nurses with 33-64% of nursing staff screening positive for at least
one symptom of STS.!2! There is evidence to suggest that non-
clinical staff also experience STS from witnessing acute care.?

Importance
Trauma-informed care (TIC) is a framework that aims
to prevent re-traumatization in the healthcare setting and

promote resilience for both patient and clinicians.? It is

based on six principles: 1) safety; 2) trustworthiness and
transparency; 3) peer support; 4) collaboration and mutuality;
5) empowerment, voice, and choice; and 6) cultural, historical,
and gender issues.” Trauma-informed care is increasingly
being adopted as an approach to clinical care in both

primary and specialty care, including emergency medicine
(EM).228In 2012, the US Attorney General National Task
Force on Children Exposed to Violence called for all EDs to
provide TIC, and for all clinicians interacting with patients
experiencing trauma to be trained in TIC.* Trauma-informed
care has been shown to be a cost-effective intervention with
clinical benefits to patients and job satisfaction benefits to
staff.393* However, despite the immense burden of trauma seen
in the ED and the benefits of TIC for patients and clinicians,
TIC remains a nascent field within EM.

Goals of This Investigation

This review will synthesize evidence on TIC interventions
in EM to describe the following research aims: the breadth of
TIC interventions being pursued in the physical ED setting;
the potential benefits to patients of TIC interventions in the
ED; the potential benefits to clinicians and non-clinical staff
of TIC interventions in the ED; and to identify gaps in the
current research on implementing TIC interventions in the ED.

METHODS
Search Strategy

We searched peer-reviewed journals and abstracts by
searching the databases PubMed, EMBASE (Elsevier),
PsycINFO (EBSCO), Social Services Abstract (ProQuest),
and CINAHL (EBSCO). The searches included keywords
and controlled vocabulary terms for the following concepts:
the physical space of the ED; clinicians and staff in the
ED; and TIC. A full description of search terms can be
found in Appendix 1. The final protocol was registered with
PROSPERO (CRD42020205182).

Study Selection

Since TIC as a framework was developed in the 1990s,
we included studies from 1990 onward to August 12, 2020,
when databases were queried. We included any study that
involved emergency clinicians (eg, physicians, nurses, nurse
practitioners, and physician assistants) and non-clinical staff
(eg, administrative staff, security staff, and environmental
services staff). We included studies that examined the physical
setting of the ED. The review included studies that reported on
TIC interventions. Our study focused on TIC as a framework;
therefore, studies had to mention TIC explicitly to be
included. Studies that mentioned one element of TIC without
referencing the framework were not included. A more detailed
explanation of the TIC framework is included in Appendix
2. We defined the criteria for intervention broadly to include
any explicit application of TIC. This included TIC related
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to the physical environment of the ED, TIC clinical care in
the ED, TIC guiding policies of the ED, and any educational
intervention that explicitly instructs on TIC.

Since TIC is a relatively new conceptual framework, we
anticipated there would be few if any randomized controlled
trials. We anticipated a breadth of outcomes with a broad
definition of “intervention.” For this reason, we did not
limit the study design. We excluded the following: non-peer
reviewed literature; studies not published in English; studies
that did not explicitly name TIC as a framework; studies
that did not comment on the operationalization of specific
interventions; and studies describing trauma-focused treatment
for psychiatric symptoms of stress disorders. Studies not
meeting our criteria were excluded in the title and abstract
screening phase (Figure 1).

—
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Figure 1. PRISMA flow diagram.
PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses; TIC, trauma-informed care.

The medical librarian (MB) downloaded resulting
citations to Covidence Systematic Review Software (Veritas
Health Innovation, Melbourne, Australia) and removed
duplicate citations. Next, two independent reviews (TB and
HA) screened the titles and abstracts of the selected citations
for inclusion or exclusion based on our pre-established
criteria. When there was disagreement during this phase of
screening, the result was included in the full-text review.
Reviewers (TB and HA) then assessed full-text articles for
inclusion. Conflicts were resolved by a third, more senior

reviewer (HS). Risk-of-bias assessment was conducted (HA)
using the Newcastle-Ottawa criteria for randomized control
trials, cohort studies, and case studies. The Critical Appraisal
Skills Programme (CASP) Checklist was used to assess
qualitative research studies.

Data Extraction & Analysis

We extracted data manually into Microsoft Excel
(Microsoft Corporation, Redmond, WA). For each study
we recorded 1) author and date, 2) country, 3) specific
intervention, 4) study design, 5) study participants, 6)
number of participants, 7) form of trauma, 8) facility type,
9) primary conclusion, and 10) secondary conclusion. Due
to the anticipated heterogeneity of results and the early stage
of implementation, we did not plan for meta-analysis. We
instead chose qualitative thematic analysis across the studies
with a focus on unique interventions such as described by
Bendall and colleagues.** Two independent reviewers (TB and
HA) used NVivol2 software (QSR International, Melbourne,
Australia) to code included studies. We used an inductive
content analysis to identify recurrent themes and identify
unique trauma-informed interventions in each study.

RESULTS

A total of 1372 studies and abstracts were identified from our
search. We excluded 1307 during the title and abstract screen.
The majority of the excluded studies in this phase were not
relevant as defined by the inclusion and exclusion criteria
defined above (ie, trauma studies isolated to physical injury or
trauma-focused psychiatric treatment). We assessed 65 articles
during the full-text phase and excluded 55 studies, leaving 10
studies for inclusion. Reasons for exclusion during the full-
text analysis are included in Figure 1.

Of the 10 studies included, five represent primarily
educational interventions and five describe protocols or
programs that operationalized a TIC framework. Full details
of each article can be found in Table 1. Major quantitative and
qualitative results are summarized in Table 2.

No studies were excluded during the risk-of bias assessment.
Full results from the risk-of -bias assessment are included in
Appendix 3. Themes emerging from the qualitative analysis
of unique interventions included the following: education,
collaboration, and safety. Our inter-rater reliability score was
0.89. A complete summary of interventions, including those
not described fully in the analysis, appears in Table 3.

Education

Seven papers included an educational component.?>*#! Of
the interventions collecting data, all reported effectiveness in
increasing clinicians’ comfort and knowledge of TIC.3-37:341
Educational interventions ranged in length from 15 minutes® to
around eight hours*' and used a variety of mediums including
in-person didactics, 344! online modules,* and standardized
patient encounters.* Prior to conducting an educational
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Table 1. Data extraction.

Author and Specific Study Number of
date Country intervention Design participants participants Focus Facility type
Educational interventions
Carter-Snell  Canada Needs assessment Participatory Communities 5 Communities, Sexual assault Emergency
2020 and educational action (leaders and and 290 departments,
intervention approach stake holders), Clinicians prehospital
(EESAS) police, EMS, and
ED clinicians
Chandramani  United Needs assessment Needs EM nurses, 95 (41 Nurses, Sexual assault An urban
2020 States and educational assessment, residents and 34 Residents academic
intervention education attendings 20 Attendings) emergency
(SANE) intervention department
Cole 2014 United Educational Case study EM nurses and 6 nurses in Psychologic, Urban tertiary
States intervention to emergency pilot phase, mental health  emergency
decrease use of physicians then "all staff" department
restraints in ED
Hoysted Australia Web-based Pilot parallel EM nurses and 71 (65 Nurses, Universal Emergency
2018 and New training on general  superiority emergency 6 precaution departments
Zealand TIC principles for randomized physicians
pediatric patients controlled trial
Hall 2016 Australia Modular didactic Exploratory EM nurses 34 Nurses Psychologic, Emergency
education on TIC research with a mental health  department
and mental health  mixed methods (urban &
in ED design rural)
TIC-based programs and protocols
Corbin 2010  United Assessment, case = Commentary  Youth ( ages NA Violence Level 1
States management, 8-30) trauma
mentoring, center, urban
psychoeducational children's
groups, case review hospital
Giles 2019 United TIC assessment Randomized Youth 181 Suicide and Tertiary
States and intervention for Control trial self harm children's
suicide prevention hospital
Lakatos 2014 United TIC response Commentary  Victims of NA Violence Level 1
States to the Boston trauma; clinicians trauma center
Marathon
bombings
Stolbach United TIC screening, Commentary  Youth NA Violence Pediatric
2017 States support, education, emergency
and intervention department
Tiller 2020 United TIC-based protocol Commentary  High-risk patients NA Human Tertiary
States for victims of for trafficking trafficking emergency
human trafficking department

(HEAL Toolkit)

EMS, emergency medical services; ED, emergency department; EM, emergency medicine; TIC, trauma-informed care.

intervention, many sites conducted needs assessments.3>="-3
Chandramani et al found that clinicians lacked training and
confidence in providing TIC to survivors of sexual assault
and that they did not understand hospital policy or state laws
relating to sexual assault.*® The authors incorporated these
findings into subsequent educational interventions.
Educational content across the studies included trauma

epidemiology and health impacts,’>-3%# trauma responses,*+?

and TIC clinical skills.**=7#! All educational interventions
focused on specific patient populations including survivors of
sexual assault,>*¢ community violence,*® human trafficking,*
pediatrics,* and patients experiencing mental health crises.?’*!
Two educational interventions collected patient outcomes
data.>>” One study showed a reduction in the number of
patients subjected to restraint and reduced overall patient
time in restraints among mental health patients following TIC
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Table 2. Major quantitative and qualitative findings for included studies.

Author and date

Specific intervention

Quantitative findings

Qualitative findings

Education

Carter-Snell 2020

Chandramani 2020

Cole 2014

Hoysted 2018

Hall 2016

Needs assessment
and educational
intervention (EESAS)

Needs assessment
and educational
intervention (SANE)

Educational
Intervention to
decrease use of
restraints in ED

Web-based training on
general TIC principles
for pediatric patients

Modular didactic
education on TIC and
mental health in ED

TIC-based programs and protocols

Corbin 2010

Giles 2019

Assessment, case
management,
mentoring,
psychoeducational
groups, case review

TIC assessment and
intervention for suicide
prevention

- Comfort providing sexual assault services
significantly improved even at 6-month
surveys (P <0.01) in emergency clinicians
- Knowledge of consequences of sexual
assault, mental health considerations,
healthcare interventions, and legal
considerations improved post training (P <
0.01)

- Significant improvement in knowledge of
elements of assault history 67% to 93% (P
< 0.05) and comfort in ability to take history
41% to 86% (P <0.01) in ED residents.
-Significant improvement in comfort
performing a forensic examination 44% to
87% (P < 0.01) in ED residents.

- Initially, 15 to 20 episodes of restraints
being used per month, which decreased to
no episodes by the end of the intervention.
- Overall, ED behavioral health seclusion and
restraint hours were reduced from 38.5 h/mo
to 0 h/mo after 2 years of the program.

- Training group had significantly greater

knowledge following training and at follow-up

than the control (P <.001)

- Most participants (74.2%) indicated that
the training would be useful in their role in
the ED

- ED nurses reported more confidence

in their ability to talk to patients about
traumatic experiences (P =0.001, r=0.41),
respond to disclosures of family violence (P
=0.001, r=0.41), and understand how their
current nursing practice is trauma informed
(P =0.001,r=0.53)

N/A

- Patients who received the intervention
were significantly more likely to attend
outpatient treatment compared with usual
care; 79 families (88.8%) received at least
one care linkage contact compared to zero
in the non-intervention group

- Enhanced collaboration across
services and issues with ongoing
turnover of personnel

- Subjective quality of service ratings
improved

- In pre-intervention free response, nine
participants mentioned a lack of training
and education as a barrier to providing
better care

- Post survey participants expressed that
the educational intervention was very
helpful to their ability to care for survivors.

-Changing the culture through staff
understanding of trauma-informed
care was key in improving the patient
outcomes.

-Success of the program depended
upon relationship between ED and
behavior health department working
together.

- Participants liked the online format,
found the training to be interesting
and informative, and felt the training
increased their insight and awareness
- Participants stated that there should
be more interactive program with the
opportunity to practice learned skills

- Participants had an increased
openness to ask questions about
trauma and listen to patients’ responses
- Participants found the neurobiology
component of the education assisted
their understanding of trauma

Authors concluded a combination of
In-hospital peer counseling starting

in the ED, outpatient follow-up with
home visits to address educational,
employment, and behavioral health
needs, leads to better all- around care
and preventing of future incidents of
community violence

- Authors concluded that adding the
trauma screening helped to provide
trauma-informed care and to link youth
directly to trauma- specific, evidenced-
based treatments from the ED.

TIC, trauma-informed care; EMS, emergency medical services; ED, emergency department; EESAS, Enhanced Emergency Sexual
Assault Services; SANE, Sexual Assault Nurse Examiners.
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Table 2. Continued.

Author and date Specific intervention

Quantitative findings

Qualitative findings

Lakatos 2014 TIC response to the N/A
Boston Marathon

bombings

Stolbach 2017 TIC screening, support, N/A
education, and

intervention

Tiller 2020 TIC-based Protocol
for Victims of Human
Trafficking (HEAL

Toolkit)

N/A

- A team of psychiatric advanced
practice nurse using a TIC framework
were able to provide comprehensive
care to patients, their families, and staff
after the Boston Marathon bombings
starting in the ED.

- Staff reported returning to baseline 3
weeks after the event

- ATIC-based clinic that first reached
out in the ED helped patients recover
from the mental harm caused by
community violence.

- The development of a TIC standardized
protocol ensured that survivors of
human trafficking and at-risk patients
were treated appropriately and in a
standardized manner regardless of the
experience of the clinician.

TIC, trauma-informed care; ED, emergency department.

education of clinicians in the ED.*” Another study showed an
improvement in quality of service ratings and consistency of
referrals among survivors of sexual assault.*

Collaboration

Eight of the studies included in this review contained a
collaboration as an intervention.> 3840424 Almost all reported
how collaboration was important for the success of each
intervention. Themes emerging within collaboration included
collaboration across physician specialties,***** collaboration
across allied health professions,**=%4042 collaboration with
community organizations,**-36384044 and collaboration in
arranging post-ED follow-up.*#* Each of the collaborations
identified a specific patient population including survivors
of community violence,*®* human trafficking,*’ terrorist
attacks,* and pediatric mental health.*

The Healing Hurt People program described by Corbin
et al connects survivors of community violence with a host
of resources including “obtaining identification and health
insurance, substance abuse treatment, post-traumatic stress
treatment, healthcare, education, housing, job training and
placement, legal assistance, transportation, counseling, and
physical rehabilitation” through collaboration with social
workers and community organizations.*® Collaborations with
community organizations were vital to addressing social
determinants of health including housing instability, food
insecurity, and economic insecurity.*>3¢3840:44 In developing a
protocol for survivors of human trafficking in the ED, Tiller
et al collaborated with community organizations to provide
survivors with a “list of resources for the patient beyond
medical care such as emergency housing, legal assistance, and
food pantries.”* Collaborations with allied health professions

were most often with social work*# and nursing.***7#* Several
interventions collaborated with local law enforcement for bi-
directional education.’>*°

Safety

Six papers detailed interventions operationalizing patient
or staff safety using TIC.3734%4 Themes emerging within
safety included the following: safety precautions for patient’s
emotional and physical wellbeing; interventions to ensure
staff’s safety; and safety assessments and planning for patients
identified to be victims of violence. Collectively these themes
highlighted TIC as an essential component of ensuring a safe
environment for both patients and staff.

Trauma-informed care was shown to be critical in
fostering patients’ physical and emotional safety. Tiller et al
detailed safety precautions as a part of a TIC intervention
when caring for victims of suspected human trafficking.*’
These interventions included listing the patient under an alias
and discussing with the patient how to prevent the discovery
of their location through their mobile device.* However,
the most important TIC element of this intervention was
empowering the patient to discuss what they thought was
best for their safety. This intervention encouraged clinicians
to “collaborate with the patient to ensure that we are not
jeopardizing safety with our efforts to intervene.”*

Staff safety was discussed in three papers,’”4%4* with the
most robust intervention being in response to the Boston
Marathon bombings in 2014. Lakatos et al was unique in
describing TIC and physiological first aid (PFA) interventions
for both patients and staff following the Boston Marathon
bombings.* Using a TIC and complementary PFA framework
they constructed nurse-specific groups and interprofessional
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Table 3. Unique trauma-informed care interventions by theme.

Interventions Publications including intervention
Education
Educational needs assessment 35-37, 39
Education through didactic lecture 35-38, 40, 41
Education through online modules 39
Education through standardized patient exercises 36
Tracking clinician outcomes (knowledge, confidence) 35, 36, 37, 39, 41
Tracking patient outcomes 35,37
Education on trauma impacts 35-39, 42
Education on TIC provision for survivors of sexual assault 35, 36
Education on mental health and TIC 37,41
Education on pediatric traumatic stress 39

Collaboration

Participatory action model 35
Educational content production collaboration 36, 38
Interprofessional collaboration 35-38, 40, 42
Collaboration between physician specialties 36, 40, 44
Collaboration with community organizations 35, 36,38, 40, 44
Collecting patient perspectives 38
Coordinating outpatient care and follow-up 38, 40, 43, 44
Safety
Immediate safety assessment 38, 40, 43, 44
Safety planning prior to discharge 38, 40, 43, 44
Trauma screening 38, 40, 43, 44
Psychological first aid for patients and staff 42
Direction to additional resources and appropriate escalation of care 38, 41-43
Enhanced patient privacy 40
ED lockdown with security threat 40
Leadership
Engage community leaders 35, 38
Engage hospital leadership 37,42
TIC Protocols
Violence intervention and prevention programs 38, 44
Human trafficking 40
Environmental Analysis
Analysis of department layout 35, 37
Analysis of patient care areas 35, 37
Peer support
Patient peer support groups 38,42
Staff peer support groups 42

TIC, trauma-informed care.

groups (including members of chaplaincy, occupational trauma of the bombings.** The paper emphasizes voluntary
health, nursing leadership, psychiatry, psychology, and social supportive services for staff.

services). These groups were designed to provide support Four papers included patient safety assessments,3840:43:44
for the variety of ways staff might have been affected by the and two papers specifically focused on incorporation of TIC
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principles into these assessments.*®* Giles et al described
how using a TIC framework was foundational in effectively
assessing youths at risk for suicide by engaging with them to
discuss their hopes, strengths, family support, and ability to
practice a safety plan.* As previously discussed, Corbin et al’s
work on the Safety, Emotions, Loss, Future model for youths
who have experienced violence includes safety as one of the
four foundational concepts.*®

Additional Themes

Additional interventions emerging from our analysis
included the following: conducting trauma screening
and assessment**444; securing leadership buy-in from
both hospital and community leaders?>-7-34; developing
standardized TIC protocols and programs for vulnerable
patient populations®**#4%44; and environmental analysis of the
ED.35,37

DISCUSSION

Trauma-informed care remains an emerging field in EM
with limited operationalization despite positive emergency
clinician perceptions of TIC.***¥ The concepts formally
studied that are related to TIC have shown benefit based on
initial, but limited, data.>**?> Our review found 10 studies
demonstrating ED interventions explicitly operationalizing
a TIC framework. The majority of interventions focused
on clinician education and care protocols for historically
vulnerable populations (eg, persons impacted by structural
racism and oppression). While the data is still preliminary, all
included studies showed a positive impact of TIC on either
patients or clinicians. Patients reported increased quality of
care and increased outpatient referral follow-up rates,* and
when experiencing mental health crises spent less time in
restraints.?” Clinicians reported greater clinical knowledge
and comfort when providing care for historically vulnerable
patient populations. 33374147

Numerous guidelines and best practices for TIC in
the ED setting have been published, as we describe in our
“Limitations” section. However, operationalization of these
best practices and outcomes data remains limited. It may be
that the studies are ongoing. For example, the educational
interventions included in this review were published between
2014-2020. Most papers included only level 1 and level 2
Kirkpatrick assessments (ie, attitude changes and knowledges
gains), and only two included level 3 and level 4 outcomes (ie,
clinical practice change and patient outcomes).* The timing
of our review may have been insufficient for most groups to
collect patient-centered outcomes. Future studies are needed to
establish clinician and patient outcomes related to educational
TIC interventions in EM.

Our review identified several gaps in the current
interventions: lack of universal precautions education; lack
of outcomes data; lack of staff-focused interventions; and
lack of cost-effectiveness analysis. Across all interventions,

both education- and protocol-driven, there was little to no
adoption of TIC as a universal precaution for all patients. All
interventions captured in our review rely on a population-
specific approach (ie, human trafficking, sexual assault,
community violence survivors). While this approach

may increase clinicians’ awareness of trauma in specific
populations, it does not address needs of patients who do not
present with “red flags” or who do not present with trauma-
related complaints.

Clinicians cannot always predict which patients have
experienced adversity; therefore, future educational and
programmatic interventions should emphasize TIC as a
universal precaution for all-comers.” Education should
emphasize that TIC offers the opportunity to avoid trauma
related to medical care and interventions itself.?* Additionally,
only one intervention focused on specifically applying TIC
principles to ED staff.*? As detailed in the introduction,
both clinical and non-clinical ED staff are at high risk for
traumatization and re-traumatization based on their work
environment.*>** This remains a key area for application of the
TIC framework within EM. An increasingly urgent research
need is developing in the wake of the COVID-19 pandemic.
Future studies with TIC staff-focused interventions would
benefit from outcomes data such as validated measures of
burnout, PTSD, and STS screening tools.

This review also uncovered a lack of process analysis
and environmental analysis of the ED itself. Only two
interventions evaluated how the physical space of the ED
could be evaluated and improved using a TIC framework.>>’
None of the interventions examined cost effectiveness
or return on investment when TIC models are used,
representing another gap in the research. The original studies
developing TIC showed no additional cost when the model
was employed.* To fully advocate for TIC interventions,
especially operational interventions, future studies must
include a cost-effectiveness analysis.

The SAMHSA guidelines on TIC include steps for
creating trauma-informed institutions and organziations.'?
Many sectors have adopted these guidelines including social
work,* elementary education,’ and juvenile justice.’? Future
studies are needed that analyze the ED from an operational
level using a TIC framework. These studies should also
include non-clinical ED staff.

LIMITATIONS

Our paper has several limitations that warrant discussion.
Most importantly, by requiring the explicit reference to
TIC, we excluded interventions that used principles of TIC
without explicitly naming the theory. For example, Cheng
et al describe a peer support-based ED violence intervention
program in their 2008 paper, and although peer support is one
of the six principles of TIC, we did not include the paper in
our review as it did not explicitly mention TIC as a guiding
framework.3 Other violence intervention programs similarly
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were not included, even though referred to in the literature as
“trauma-informed,” because their original publications do not
mention TIC.>*% Additionally, many papers were excluded
due to lack of operationalization of TIC. Many publications
described best practices without describing interventions.
Guidelines and best practices for TIC care of ED patients
experiencing mental health crises,*®*’ sexual assault
survivors,’% survivors of community violence,* victims of
human trafficking,*"* and pediatric patients experiencing
trauma® were all excluded due to lack of operationalization.
Finally, our search excluded non-English language studies.
and we did not conduct a hand search; therefore, we may not
have captured all available interventions.

CONCLUSION

This paper represents the first systematic review of trauma-
informed care interventions in the ED setting. The results of
the review show that TIC is a small but growing field in the
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Advancement of diversity, equity, and inclusion (DEI) in emergency medicine can only occur
with intentional recruitment of residency applicants underrepresented in medicine (UIM). Shared
experiences from undergraduate and graduate medical education highlight considerations and
practices that can contribute to improved diversity in the resident pool, such as holistic review
and mitigating bias in the recruitment process. This review, written by members of the Council of
Residency Directors in Emergency Medicine (CORD) Best Practices Subcommittee, offers best
practice recommendations for the recruitment of UIM applicants. Recommendations address
pre-interview readiness, interview approach, and post-interview strategies that residency
leadership may use to implement holistic review and mitigate bias for recruitment of a diverse
class. [West J Emerg Med. 2022;22(3)345-352.]

BACKGROUND training cohorts.? It is important to develop pipeline pathways
Efforts to advance diversity, equity, and inclusion for racial/ethnic UIM groups® to increase the number of
(DEI) in medicine are dependent on deliberate attention residency candidates.* A study of the 20 largest Accreditation
toward residency recruitment."> The benefits of diversity Council for Graduate Medical Education (ACGME) resident
in medicine are well known, including cultural sensitivity specialties observed that no residency program represented
and competence, expanded delivery of healthcare in low- Black or Latino populations at comparable rates to the United

resource settings, and improved intellectual discussion within ~ States population.® For emergency medicine (EM), it was

aDefined by the Association of American Medical Colleges (AAMC), under-represented minority (URM) was a term reflecting the racial
groups of Black, Mexican-American, mainland Puerto Rican, and Native American. (American Indian and natives of Alaska and Hawaii).
This was expanded to “underrepresented in medicine”(URiIM or UIM) in 2003 to encompass the racial and ethnic populations within
medicine who are underrepresented when compared to their respective numbers in the context of the greater population. For this
article, although we recognize the use of URIM or UIM interchangeably, for consistency, we use the term UIM.
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predicted to take 54 years to achieve a similar representative
proportion of the Latino population.’ That study emphasizes
the continued need to support diversity, equity, and inclusion
through improved parity in medical clinician representation.
While this article focuses on recruitment of UIM applicants,
there are other populations that do not fall under the strict
definition of UIM that are at risk of underrepresentation or
exclusion, such as students from rural, LGBTQ+, or religious
communities, and special consideration for these applicants
should also be taken.®®

Fundamental to UIM recruitment is recognition
and mitigation of bias. While bias exists at all stages of
recruitment, it is most notable in high-impact metrics such as
the United States Medical Licensing Examination (USMLE)
Step examinations, Standardized Letters of Evaluation
(SLOE), the Medical Student Performance evaluations
(MSPE), and induction into the Alpha Omega Alpha (AOA)
Honor Medical Society.”!! Holistic review emphasizes
balanced consideration of these metrics with additional
components such as personal statement, extracurricular
activities, and lived experience.'>!* The impact of bias in the
UIM recruitment process is consequential: applicants may be
disregarded during pre-interview screening or ranked lower
post-interview,’ further hindering the mission to increase
diversity in medicine.?

Unfortunately, there is no standardized process to increase
holistic review and minimize bias in resident selection. Using
current literature, we outline best practice recommendations
for implementing holistic review and mitigating bias in
residency recruitment to promote DEI.

CRITICAL APPRAISAL

This is the ninth article in a series of evidence-based
best practice reviews from the Council of Residency
Directors in Emergency Medicine (CORD) Best Practices
Subcommittee.!*?° With the guidance of a medical librarian, we
used MEDLINE via PubMed to search for articles published
from inception to February 4, 2021, using keywords and
medical subheadings focused on diversity, equity, and inclusion
(Appendix). We searched the bibliographies of relevant
articles for any additional studies. The search yielded 2080
articles, of which 115 were deemed to be relevant for inclusion
in this review. Articles were independently screened by two
authors who searched for those that address holistic review and
bias in recruitment and interviewing. We included articles if
either author recommended the relevance of the study. When
supporting data was not available, recommendations were made
based on the authors’ combined experience and consensus
opinion. According to the Oxford Center for Evidence-Based
Medicine criteria, we provide the level and grade of evidence
for each best practice statement (Table 1).?! This manuscript
was reviewed by the CORD Best Practices Subcommittee and
posted to the CORD website for peer review and feedback from
the CORD medical education community.

Table 1a. Oxford Centre for Evidence-Based Medicine levels of
evidence.?

Level of evidence Definition

1a Systematic review of homogenous RCTs

1b Individual RCT

2a Systematic review of homogenous cohort
studies

2b Individual cohort study or a low-quality RCT*

3a Systematic review of homogenous case-
control studies

3b Individual case-control study**

4 Case series/Qualitative studies or low-

quality cohort or case-control study***

5 Expert/consensus opinion
*defined as <80% follow up; **includes survey studies and cross-
sectional studies; ***defined as studies without clearly defined
study groups.
RCT, randomized controlled trial.

Table 1b. Oxford Centre for Evidence-Based Medicine grades of
recommendation.?

Grade of evidence Definition
A Consistent level 1 studies
B Consistent level 2 or 3 studies or

extrapolations* from level 1 studies

C Level 4 studies or extrapolations® from
level 2 or 3 studies
D Level 5 evidence or troublingly inconsistent
or inconclusive studies of any level
Extrapolations” refer to the use of data in a situation that

has potentially clinically important differences from the original
study situation.

*

PRE-INTERVIEW PREPAREDNESS STRATEGIES
Defining DEI Goals for Recruitment Season

Increasing DEI efforts and improving the recruitment
of UIM residency applicants requires purposeful planning at
programmatic, departmental, and institutional levels.>6*>%
Advanced preparation ahead of the recruitment season can
facilitate holistic review and contribute to decreasing bias in the
selection process. Residency leadership should first define what
diversity means for the program, including measurable outcomes
and consequences of not achieving these results.!***?¢ A statement
of purpose can aid tracking and accountability of progress toward
set goals.”*?® Acknowledgment of DEI in mission statements
demonstrates residency program investment in diversity as a core
value.>¢?* There should be a clear call for increased representation
of UIM residents, including a definition of the role the
institution will take.?”* With early and clear communication of
a commitment to, and goals for, diversity recruitment, residency
programs can position themselves for success throughout the
interview and selection process.
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Assess Program Readiness

Commitment to increasing the number of UIM residents
is defined by the internal discussions and actions that
address the value of diversity, not simply match results.'
Recruiting diverse residents should be included as part of a
program’s strategic plan.>**' Support from the department
chair and organizational leadership is key to the success of
diversity initiatives.>?>?430:3233 Programs should undergo
an internal review process of current culture toward and
readiness to enact targeted recruitment efforts for DEI%’
To achieve meaningful success for DEI in recruitment and
departmental attitudes, programs need to embrace and foster
an environment of change.*'** The Association of American
Medical Colleges (AAMC) presents a four-step process for
assessing institutional culture and climate (Table 2).%

Table 2. Key steps to assessing culture and climate
comprehensively.*

Step Application

Reflection Reflective questions for personal

exploration on relevant criteria

Data Collection Data collection processes and tools
to capture the determinants of the

culture of diversity and inclusion

Synthesis and Analysis ~ Synthesis and analysis to identify

areas of strength and opportunities

Leverage Findings Leverage findings to translate
assessment findings into institutional
outcomes

*Adapted from the Association of American Medical Colleges.

Programs can also complete diversity engagement surveys
to assess an institution’s level of engagement and inclusion,
and perceptions within the group.®® Programs should work to
increase awareness, interest, and engagement in DEI efforts
through department-wide educational sessions.>** Programs
should highlight how they will foster the career and academic
interests of UIM trainees.***” Support should be proactive,
such as assigning resident mentors early, asking UIM trainees
about individual needs, and providing early in-service exam
preparation for all matriculating residents with marginal
USMLE and other assessment scores.? Programs should avoid
blindly targeting UIM trainees with services such as test prep,
however, as this can reinforce bias and stereotypes.

Formation of Diversity Committees

Programs should create diversity committees with
an understanding of program goals and objectives for the
recruitment of UIM applicants. Valuing UIM status during
interview screening and selection and greater UIM faculty
representation is a program characteristic associated with

higher resident diversity.** *° Committee members should be
included in all planning phases of recruitment and should
include UIM and non-UIM faculty, residents, and staff.!!?>0:5!

The formation of a diversity recruitment committee can be
impactful.”? In just one year, the Denver Health Emergency
Medicine residency program doubled the number of UIM
applicants interviewed, relying on a diversity committee
to inform recruitment practices.*® Similarly, the Highland
Emergency Medicine residency program in Oakland, CA,
experienced a doubling of diversity representation in their
residency group after implementation of recruitment initiatives
spearheaded by a diversity committee.> A diversity committee
can have immediate and measurable impacts on UIM
recruitment. It should be reiterated, however, that success
in recruiting UIM candidates is most predicated upon the
creation of a welcoming, supportive, and inclusive culture at
the program, not just match statistics.

Representation of UIM faculty is integral to recruiting UIM
resident applicants.?**¥4 Recruitment and retention of UIM
faculty are discussed in a separate review as part of the CORD
Best Practices series.”” Mindful attention should be made to
not assign UIM faculty with work that is unaligned with their
personal interests, underrecognized by promotions committee,
and uncompensated despite the time investment. It is important
to recognize the potential for UIM individuals to experience a
“minority tax,” or disproportionate burden of work.'

Accessing UIM Applicants

It is difficult to recruit diverse candidates, however, if
they do not exist within the applicant pool. Recruitment
can take on a variety of forms depending on the target
populations and the desired messaging.*>* Dedicated outreach
to UIM students can lead to increased interest in a given
program.®?>4+%¢ Reaching UIM applicants requires more than
just simple communication as programs need to demonstrate
a commitment to diversity and service.?*"° Programs should
display their commitment, efforts, and successes with DEI
efforts on their websites,>** and should provide contact
information for a point person, faculty or staff, to address
questions about DEI within the program.

Recruitment can be enhanced through early enrichment
and pathway programming.’”* In addition to medical
school interest groups, there may be a benefit to connecting
with pre-medical organizations at the university level,” and
creating enrichment programs as early as the elementary
and high school levels.>?* The UIM applicants may not have
personal or professional networks to initially steer them
toward medical school and subsequently assist with residency
applications.® Early outreach can occur by way of faculty
presence at dedicated conferences sponsored by UIM student
organizations, and faculty volunteering as mentors through
sponsored programs. 623251

An underused tool in UIM recruitment is a formal
collaboration with minority medical student organizations,®!
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It should be clear, however, that a lack of attendance

or participation with these groups should not affect

the applicant’s consideration or rank-list position. The

Student National Medical Association proposes a five-

phase recruitment strategy using minority medical student
organizations to increase the number of UIM students entering
medical school. Increased matriculation of UIM medical
students will directly contribute to the applicant pool for
residency and the strategies suggested can be adapted to
residency recruitment.®!

Best Practice Recommendations:

1. Define clear and prioritized goals for diversity-related
residency recruitment. (Level 5, Grade D)

2. Assess program readiness to implement diversity-related
recruitment and support UIM trainees that match. (Level 4,
Grade C)

3. Mitigate bias through inclusion of bias training and
predetermined scoring rubrics for screening, interviews,
and ranking. (Level 3, Grade B)

4. Create DEI committees to inform and steer diversity-related
recruitment. (Level 3, Grade B)

5. Ensure representation of UIM faculty in the screening,
interview, and selection process but avoiding tasking UIM
faculty with too much during the recruitment cycle. (Level 5,
Grade D) (Level 4, Grade C)

6. Begin recruitment of UIM applicants early through directed
and expanded efforts such as enrichment, outreach, and
pathway programming. (Level 5, Grade D)

7. Collaborate with minority student groups in early
mentorship and advisory programs for UIM applicants.
(Level 5, Grade D)

INVITATION AND INTERVIEW STRATEGIES

At every step of the process, programs should approach
recruitment with a lens to promote diversity, ensure inclusion,
support equity, and uncover and address biased and racist
practices.®? Programs should go beyond simply recognizing
bias, aiming to actively mitigate it, aligning with the ACGME
Common Program Requirements to improve diversity.*
Individuals involved in recruitment, interviewing, and ranking
should complete implicit bias training,'%333494 and programs
should conduct sensitivity discussions and self-reflection to
promote learning about biases.* Interviewers should undergo
training and preparation as a group to decrease variability and
bias in applicant evaluations.*

Approach to Holistic Review

A standardized holistic review process that aligns with
each institution’s mission, vision, and values will shift the
focus away from a traditionally metrics-driven selection
process to a more inclusive process. Holistic review focuses
on the importance of the applicant and their stories, rather than
achieving certain demographic numbers >!228626465 Ag there

is no universal approach to holistic review, it is important
to recognize that the process is subject to bias as program
leadership determines its implementation.'***

Holistic review has more readily made its way into
undergraduate medical education.® Residency recruitment
continues to rely heavily on performance and assessment
metrics.* Principles of holistic review in medical school
admissions can be extrapolated to inform residency
recruitment. The AAMC offers a holistic review primer
for program directors to identify experiences, attributes,
competencies, and metrics grounded in a program’s
mission.®’® The AAMC Advancing Holistic Principles
Advisory Committee promotes core principles for holistic
review (Figure 1).9

Figure 1. Core principles for holistic review.*

1. Selection criteria should be broad, linked to program
mission and goals, and promote diversity as essential to
excellence.

2. Selection criteria should include experiences and attributes
as well as academic performance.

3. Selection criteria should assess applicants in light of their
unique backgrounds and with the intent of creating a richly
diverse interview and selection pool as well as residency
class.

4. Selection criteria should be applied equitably across the
entire candidate pool.

5. Selection criteria should be supported by performance data
that show experiences or characteristics are linked to that
individual’s likelihood of success.

6. Programs should consider each applicant’s potential
contribution to the program and the field of medicine,
allowing them the flexibility to weigh and balance the range
of criteria needed in a class to achieve their institutional
mission and goals.

7. Race and ethnicity may be considered as factors when
making admission-related decisions aligned with mission-
related educational interests and goals associated with
program diversity, and when considered as a broader
mix of factors, which may include personal attributes,
experiential factors, demographics, or other considerations
(as permitted by federal law).

*Adapted from Holistic Review-Core Principles, AAMC.%°

Holistic review addresses the need to balance personal
attributes with performance and aptitude.®”!>7! It shifts the
practice of preferentially valuing academic achievement-based
metrics to considering the entire application.>671%647! In this
approach, numerical benchmarks, such as test scores and class
rank, do not prematurely eliminate or accelerate applicants prior
to the evaluation of the entire application.® There have been
different models of holistic review suggested in the medical
education literature.!>#485362 Review committees should begin
with a self-audit of current practices and make appropriate
changes that best fit the program’s goals.® Notably, the search
for applicants who “align well” with a program, a concept
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known as “fit,” introduces bias that must be acknowledged and
addressed.” Figure 2 summarizes qualities and characteristics
proposed for holistic review in place of traditional metrics. Over
reliance on metrics such as exam scores and AOA status will
impact recruitment of candidates who are underrepresented in
medicine or systematically disadvantaged.5!!-122672

Figure 2. Qualities and characteristics to consider during
holistic review.*

1. Persistence/Grit/Emotional intelligence: As evidenced
by distance traveled (ie, cumulative life experience,
adversities faced, etc.)

2. Strength of character: As evidenced by letters of
recommendation and interview

3. Capacity for growth/Growth mindset: As evidenced by
history of challenges overcome, letters of recommendation,
personal statement

4. Cultural sensitivity/Empathy: As evidenced by letters of
recommendation, personal statement, and interview

5. Commitment to service: As evidenced by a consistent
history of engagement

6. Interpersonal skills: As evidenced by letters of
recommendation and interview

*Adapted from DeBenedectis (2019) and Witzburg (2013).1273

The impact of holistic review on in-service and medical
board examination pass rates is not yet well documented.
Nehemiah et al demonstrated no significant change for
surgical in-training exam scores after the implementation
of holistic review and an accompanying increase in UIM
diversity.* Aibana et al involved stakeholders and committee
members in deciding a new Step 1 threshold unlikely to affect
board passing rates.” Below we explore the value and harm of
core components of the application and strategies to optimize
a holistic review.

Applicant Selection for Residency Interview

No single, uniformly accepted evaluation system
exists for offering residency interviews, thereby allowing
for subjectivity, bias, and inconsistency when selecting
candidates.”!**7* Scoring rubrics for all phases of recruitment,
from interview selection to ranking, should be decided ahead
of time.*”>7® Rubrics should reflect the level of importance
that experiences, attributes, competencies, or metrics represent
for a program, and can help de-emphasize metrics that can
bias selection against the UIM applicant.””-” The AAMC
provides a guided activity for Applicant Criteria Identification
and Prioritization as part of its holistic review capacity
building resources.® Table 3 highlights examples of scoring
rubrics that incorporate concepts of holistic review.

Clinical Grades and Letters of Recommendation
For EM applicants, their clinical evaluation hinges on the
sub-internship SLOE. This summative form provides a rating

Table 3. Example scoring rubrics incorporating holistic review
concepts.

Reference Specialty Considerations
UCSF GME Internal » Uses a Likert scale of
Handbook for Medicine 1-5 to provide scores
Holistic Review and for components from
Best Practices for file review, interview
Enhancing Diversity observations, and as
in Residency an overall rating.
and Fellowship » File review carries
Programs®' more weight than the

interview.
DeBenedectis 2019'? Radiology * USMLE Step 1 and
medical school grades/
ranking are only 2 of
10 items scored and
are given the same
value as other factors
(0-3 points each).
» Factors known to
be less associated
with diversity, such
as research and
publications, continue
to be included.
Aibana 20197 Internal » Experience/attribute
Medicine score is calculated if

the applicant does not
meet USMLE cutoff
score but is within 10
points, creating an
opportunity to “rescue”
an applicant and still
offer an interview.
USMLE scores are still
used for screening.

Barcelo 20217 Psychiatry * Use of a positive
multiplier if resilience or
distance traveled was
noticed.
» Domains and clusters
of characteristics
with varying tiers of
significance create
complex composite

scores.

UCSEF, University of California - San Francisco; GME, graduate
medical education; USMLE, United States Medical Licensing Exam.

and ranking of the student as well as descriptive commentary
of their performance. The SLOE in EM is a step toward
decreasing bias through structured reporting of performance
assessment; however, it is not entirely free from it.®>#
Narrative evaluations for men are more supportive than for
women and UIM students.?** The UIM students with similar
clerkship grades had more negative comments and fewer
positive comments compared to their White counterparts.®
The SLOE is often perceived as the most objective assessment

Volume 23, no. 3: May 2022

349

Western Journal of Emergency Medicine



Strategies in Residency Recruitment for Diversity, Equity, and Inclusion

Gallegos et al.

of the student’s clinical competency and potential as a rising
resident; however, the influence of bias in EM SLOE rankings
and language has been insufficiently studied.®”

Traditional letters of recommendation are often reflective
of a student’s network and support system, which may be
more difficult to develop for women and UIM students. They
are also subject to language bias. Women and UIM students
are more likely to be characteried by grindstone words such
as “organized” or “hardworking” as compared to superlatives
reflecting high achievement potential used in letters for White
male students, 6284878991

Medical Student Performance Evaluation

The MSPE is a comprehensive review of a student’s
interests, activities, and, most notably, clinical performance.
Some schools provide rankings of the student in comparison
to their peers. Only 2% of medical schools provide
comparative data consistently in all five appendices (pre-
clinical courses, clerkships, professional attributes, overall
performance, and medical school information page).5®*
Furthermore, the MSPE can be fraught with the use of
biased language and descriptions based on the applicant’s
gender® and race/ethnicity.’°*% White students were more
likely to be described as “outstanding,” “exceptional,” and
“best.”* In contrast, the word “competent” was more often
used to describe Black and Hispanic students but was only
perceived to carry a positive connotation 37% and 33% of
the time, respectively.”

Alpha Omega Alpha

Acceptance into AOA is often used to signal academic
excellence. However, awards and accolades have been shown
to be given less often to UIM students, and not all institutions
participate in AOA.3 Membership in AOA was six times more
likely for White students than for Black students.* Use of this
award as a differentiating factor can be discriminatory and
disadvantage UIM students.”

Standardized Exams

Standardized examinations have been shown to predict
academic success on in-training and board exams but not
to predict success in residency or an ability to provide safe
and quality care overall.*¢**%7 Despite this, USMLE Step
1 scores are commonly used as a screening tool.”!6297 The
USMLE is subject to systemic biases associated with any
standardized test, such as accessibility and affordability of test
prep. Given that UIM applicants have lower USMLE scores
on average,”” an over-reliance on test scores as a screening
tool can lead to UIM applicants being excluded from a more
in-depth review that may have otherwise earned them an
interview invitation,!!1226:52627298,100 Tn 2020, it was announced
that the USMLE Step 1 exam will be scored as pass or fail
based on previous evidence of poor utility. The USMLE
Step 2, as well as other standardized exams such as the

Comprehensive Osteopathic Medical Licensing Examination,
will still report numerical scores.!?!

Personal Statement

Personal statements allow applicants to share stories
of inspiration, resilience, and future goals,'* enabling
them to showcase their interests and skills. The value
placed on the personal statement is variable, however,!'*
and may introduce bias such as gender-based differences
in writing.! Personal statements are not effective in
predicting medical student performance,'® and utility for
residency selection is unclear.

Interview Process and Considerations

The interview allows for scoring on behavioral-related
metrics, such as grit, distance traveled in life experience, and
emotional intelligence.'* Steps should be taken to standardize
the interview process as much as possible to minimize bias.*!%’
The interview should follow a set structure. A standard pool of
questions should be determined ahead of time and interviewers
can be assigned specific questions.” Interviewers should receive
the same instructional training and have access to the same
amount of information from applications.?*#>*

As performance metrics can bias perceptions,'® programs
should consider blinded interviews in which exam scores are
not provided to interviewers.!” Interviewers should represent
a diverse pool of faculty, residents, and staff and should
receive protected time to support the commitments needed for
thoughtful interviewing.*® The COVID-19 pandemic required
that the 2020 recruitment cycle be done virtually. Programs
should decide whether they will offer virtual or in-person
interviews, and all interviews should be done in the same
format to avoid bias.''

Travel considerations

The UIM trainees experience greater financial challenges
from the high cost of medical education.!"'? Digital
interviewing contributed to less financial burden from
traveling. The emphasis on away rotations in EM, however,
creates a potential hurdle for UIM applicants. Clerkship
diversity scholarships have been shown to correlate with
increased residency diversity in EM, especially for Black and
Latino residents.!!* Scholarships and financial assistance can
attract UIM applicants who otherwise would be unable to
rotate at, and may not have considered, a particular program.
Funding for UIM recruitment efforts demonstrate institutional
commitment to diversity recruitment.’®!

Consideration for Historically Black Colleges and
Universities

Students from historically Black colleges and
universities (HBCU) often rely on away rotations for their
sub-internship experience as their home institution may have
limited exposure to EM or lack an emergency department.
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The ability to fund travel and lodging limits the options of
rotation location."? If students are unable to travel due to
financial restrictions, their opportunity to be exposed to new
clinical environments and potential mentors is limited.>%3!!13
Partnerships between HBCUs and neighboring EM residency
programs can help promote diversity.'!*

Best Practice Recommendations:

1. Apply an equity lens to each step of the recruitment
process to expose existing bias and allow for correction.
(Level 5, Grade D)

2. Holistic review should be applied equitably across all
applicants. (Level 4, Grade C)

3. Identify characteristics for holistic review that align with a
program’s mission, vision, values. (Level 4, Grade C)

4. Avoid screening applicants solely on standardized
examination scores or grades. (Level 3b, Grade C)

5. Standardize the structure of interviews in terms of logistics
and questions asked. (Level 4. Grade C)

6. Ensure UIM faculty visibility and allow networking during
the interview day or through structured asynchronous
opportunities to engage with DEI topics. (Level 4, Grade C)

7. Partner with HBCUs and neighboring EM residency
programs to help further promote diversity within the
specialty. (Level 4, Grade C)

POST-INTERVIEW STRATEGIES
Ranking Considerations

The ranking process should be collaborative and
conducted in a safe space with limited external influence
from those not involved in the recruitment process.''®
Members of the ranking group should be diverse in interests
and backgrounds and often include the residency leadership
team as well as additional core faculty, residents, and
administrative staff. Individuals participating in rank meetings
should be informed about characteristics identified of value
to the residency program and used throughout the selection
process. !0 One voice should not dominate, and there
should be group discussion prior to deciding a rank position.
A temporary ranking meeting might occur immediately
following the day of an interview. For fairness to all
candidates, the final ranking should begin at the conclusion of
the interview season.'>!16

Second-look Opportunities and Post-interview
Communication

There should be increased visibility and opportunity to
network with faculty (both UIM and non-UIM) involved
in recruitment and retention of UIM applicants.?**° If UIM
recruitment faculty are not available during scheduled
interview dates, asynchronous opportunities to discuss DEI
within the program should be offered.’! A second-look visit
can be organized to facilitate this.?>

Targeted recruitment of UIM applicants may benefit
from ongoing dialogue throughout the interview process.
Communication such as “thank you” emails should be done
with heavy consideration of the potential to mislead or falsely
assure an applicant. Caution should be taken when reaching
out to UIM applicants to not breach National Resident
Matching Program regulations. Programs should be clear
about expectations for post-interview communication and
should designate a pointperson for ongoing communication.

Best Practice Recommendations:

1. Select diverse members for the rank committee. (Level 4,
Grade C)

2. Conduct the rank meeting in a safe, private space with
collaborative discussion. (Level 4, Grade C)

3. Inform committee members about the characteristics
identified as valuable to the program before the ranking
process. (Level 5, Grade D)

4. Ensure ranking is done based on scores from the
predefined rubrics for screening and interviewing. (Level 5,
Grade D)

5. Offer second look visits (on-site or virtually) to network with
UIM faculty and discuss DEI within the program. (Level 4,
Grade C)

6. Define clear expectations for follow up and designate a
point person for communication. (Level 4, Grade C)

LIMITATIONS

The scope of this article was limited to holistic
review and the impact of bias on recruitment in residency
training. There are other topics (eg, pipeline/pathway
efforts, faculty recruitment and retention) regarding DEI
that will be covered in other reviews. While we performed
a comprehensive search guided by a medical librarian in
conjunction with expert consultation and bibliographic
review, it is possible that we may have missed pertinent
articles. In several instances, high-quality data was limited
or lacking. In these instances, we relied upon expert opinion
and group consensus for the best practice recommendations.
Literature specific to EM and within graduate medical
education is more limited; therefore, we included relevant
articles from other medical specialties and health-related
professions. We believe that EM, as a specialty, can learn
from other colleagues across many disciplines.

CONCLUSION

Holistic review and the mitigation of bias are essential
steps in the purposeful recruitment and selection of applicants
who are underrepresented in medicine. Our article presents
best practice recommendations for residency programs to
prepare for and implement application review, applicant
interviewing, and trainee selection in support of diversity,
equity, and inclusion.
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BACKGROUND

The practice of emergency medicine (EM) requires that
physicians be proficient in a vast array of procedures no matter
how frequently or rarely they occur. The Accreditation Council
for Graduate Medical Education and the American Board of
Emergency Medicine have established a series of milestones
regarding procedural performance in order to establish a
minimum level of physician competency in the field of EM.!
Procedural skills inevitably degrade over time if not practiced
regularly and, thus, maintenance of these skills requires continued
practice in the clinical or simulated setting.?

A previously conducted needs assessment looked at
current procedural skill practices by emergency physicians
(EP) and found a significantly positive correlation between the
frequency at which a skill was performed and the perceived
confidence by physicians performing that particular skill.
Additionally, they found that the vast majority of physicians
would like to attend procedural training sessions if offered by
their institution.?

In addition to a procedural skills curriculum, “just-in-time”
(JIT) refresher training can be particularly useful for procedures
that occur rarely in the emergency department (ED). A previous
study indicated that JIT training led to improved trainee skills
and confidence in performing procedures, from both the resident
and supervisor perspective.* A randomized controlled trial
that evaluated transvenous pacemaker placement by EPs in a
simulated setting found that a JIT intervention, which included
both a refresher video and a step-by-step interactive checklist,
significantly improved performance.’

OBJECTIVES

To our knowledge, there is no currently published
literature on the use of JIT procedural training guides in EM.
Our first objective was to perform a needs assessment of EPs’
current JIT procedural resource usage. Our second objective
was to examine the impact of creating a repository of easily
accessible JIT procedural training guides with institution-
specific information. Specifically, we sought to evaluate the
effectiveness of the guides as a tool to increase knowledge

and teach procedures, as well as the impact of the guides on
physician confidence and procedural practice.

CURRICULAR DESIGN
All EM faculty, fellows, and residents in the department were
eligible to participate in this study.

Survey Development

We used consensus decision-making to create a 12-question
needs assessment focused on JIT resource utilization (Appendix
A). Questions collected information regarding current resource
use on shift to learn and teach procedures, barriers to using
particular resources, frequency of specialty consultations for
procedures due to lack of physician comfort in performing the
procedure, and ideas for new resources. A five-point Likert scale
was used to assess the degree to which physicians believed that
their comfort level in performing procedures would change if
they were provided with a detailed guide for a given procedure.

Five months after the implementation of the JIT procedure
guides, we created a 14-question post-intervention survey
(Appendix B) to assess the effectiveness of the guides as a tool to
increase knowledge and teach procedures, as well as the impact
of the guides on physician confidence and procedural practice.
Five-point Likert scales were used to assess on average how
often physicians required a JIT refresher prior to performing
or teaching a given procedure, how often they used the JIT
procedure guides, and how helpful they found these guides
for both learning and teaching purposes. Physicians were also
queried whether their procedural practice patterns had changed
after the implementation of the guides. They were asked not only
how their confidence had changed in performing procedures in
the ED, but also whether their behavior had changed in terms of
their decision to consult a specialist for a given procedure. We
also assessed the quality of the procedure guides, most helpful
features, and suggestions for improvement.

Study Procedure
The study was granted an exemption by the medical center’s
institutional review board. The online cross-sectional anonymous
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needs assessment survey was completed in December 2020 using
REDCap (Vanderbilt University, Nashville, TN).®” The survey
was disseminated using internal email distribution lists, and
participants were given 10 weeks to complete the initial survey.

The needs assessment results directly informed the
development of the JIT procedure guides and used Mayer’s
principles of multimedia design.® The 54 guides were
distributed via the departmental website starting in December
2020 (Appendix C). Procedures covered were based on the
Core Emergency Medicine Procedures as defined by the 2019
Model of the Clinical Practice of Emergency Medicine.! The
guides were created using PowerPoint (Microsoft Corporation,
Redmond, WA), with a simple color-coded schema that was
visually appealing and easy to follow. The content of the
procedure guides included links to high-quality videos curated
from the internet or author-created videos, detailed indications/
contraindications, an overview of relevant anatomy, standard
procedural steps along with (where applicable) steps specific to
the procedural kits stocked in our ED, clear visual depictions
of our ED kits, complications to anticipate, and aftercare
recommendations (Appendix D). Announcements were made
via email and at departmental meetings about the availability of
the JIT procedure guides.

In May 2021 the anonymous, online post-intervention survey
was distributed via internal email distribution lists. Participants
were given three weeks to complete the post-survey.

Data Analysis
We performed descriptive statistics and compared resident
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and faculty responses using Fisher’s exact testing due to the small
sample size. All statistical analysis was performed using SPSS

27 (IBM Corp,, Armonk, NY)). Two authors performed thematic
analysis of the responses to the two post-implementation survey
questions, which asked about the most helpful features of the
procedure guides and suggestions for improvement.

IMPACT/EFFECTIVENESS
Needs Assessment Results

The overall response rate for the initial needs assessment
survey was 49.5% (53/107): residents 51.3% (20/39) and faculty
48.5% (33/68). The majority of survey respondents reported
using online videos (86.8%, 46/53) and educational websites
(79.2%, 42/53), with far fewer using personal notes (28.3%,
15/53), textbooks (24.5%, 13/53), or journal articles (11.3%,
6/53) for JIT procedural guidance. There was a statistically
significant difference between the percentage of residents and
faculty who reported using videos (100% ([20/20] of residents
vs 79% [26/33] of faculty, P<0.05) and textbooks (5% [1/20] of
residents vs 36% [12/33] of faculty, P<0.05] as JIT resources on
shift (Figure 1).

The most common barriers to using JIT resources included
limited time (83%, 44/53); resources not being specific to
available procedural kits (62.3%, 33/53); and lack of curated,
high-quality video resources (62.3%, 33/53). There was a
statistically significant difference between the percentage of
faculty and residents who identified a lack of a video library as
a barrier (85% [17/20] of residents vs 48% [16/33] of faculty,
P<0.01) (Figure 2). At least once within the last year, a majority
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weh st
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Figure 1. Percentage of residents and faculty indicating current just-in-time resource use on shift. * Indicates statistically significant

difference between resident and faculty responses (P-value <0.05).
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of respondents (58.5%, 31/53) thought about performing a
core EM procedure but ultimately did not do so due to lack
of comfort in performing the procedure, and 88.7% (47/53)
indicated their comfort level in performing a procedure would
increase or significantly increase if detailed online procedure
guides were available.

Post-Implementation Survey Results

The overall response rate for the post-intervention survey
was 29% (31/107): residents 31% (12/39), and faculty 28%
(19/68). The majority (58.3%, 14/24) indicated that they
sometimes needed a refresher during their clinical shift prior to
performing a procedure. When they required a refresher, 25%
(6/24) of faculty and residents always used the developed JIT
procedure guides: 37.5% (9/24) often used them; 29.2% (7/24)
sometimes used them; and only 8.3% (2/24) rarely or never used
them. Most respondents used the guides to improve general
procedural knowledge (83.3%, 20/24) and to teach procedures in
the ED (75%, 18/24).

The vast majority of respondents (95.8%, 23/24) found the
procedure guides to be very helpful in increasing their procedural
knowledge, while one respondent (4.2%), found them to be
somewhat helpful; (faculty 100% [15/15] very helpful; residents
88.9% [8/9] very helpful, and 11.1% [1/9] somewhat helpful).
The majority of faculty also found the guides to be very helpful
for teaching procedures (86.7%, 13/15), with the remainder
neutral (13.3% (2/15). Rating the quality of the guides, faculty
unanimously found them to be excellent (100%, 15/15), while the
majority of residents (75%, 6/8) found them to be excellent, and
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some (25%, 2/8) found them to be very good. A minority (22.6%,
7/31) of survey respondents indicated that they had not yet used
the procedure guides, and of those respondents 85.7% (6/7) had
not yet needed a JIT refresher. Only one respondent (14.2%, 1/7)
indicated they had difficulty accessing the guides on the website.
The Table displays all themes, theme frequency, and
representative comments to the questions “What are the most
helpful (or best) features of the procedure guides?”” and “What
suggestions do you have for improving the procedure guides?”
Since the implementation of the guides, the majority
of residents (75%, 9/12) and faculty (68%, 13/19) felt
their confidence in performing procedures had increased
or significantly increased. Importantly, 16% (5/31) of
respondents indicated they had changed their procedural
practice pattern and performed a core EM procedure, covered
by our JIT procedure guides, that they previously would have
asked a consultant to perform.

DISCUSSION

Our needs assessment indicated there is a clear need to
have a readily accessible resource available for the purpose
of JIT learning and teaching of EM procedures. While most
physicians surveyed use online videos and educational websites,
we found that a higher proportion of faculty use textbooks as a
JIT resource relative to resident trainees (Figure 1). This could
represent a broader pattern between different generations of
learners and reinforces that educational interventions need to
be targeted to the populations that are going to be using the
resources provided.
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Figure 2. Percentage of residents and faculty indicating barriers to just-in-time resource utilization on shift. * Indicates statistically
significant difference between resident and faculty responses (P-value <0.05).

ED, emergency department.
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We attempted to tackle the fact that different groups of
learners not only have different learning needs when it comes to
JIT procedural refreshers, but they also perceive different barriers.
The procedure guides were an attempt to bridge this gap and meet
the needs of multiple groups of learners by pulling useful aspects
of each type of resource, including succinct text, clear visual
depictions, and links to online videos.

One recurring theme that we found from respondents was
that the guides were clear and concise. In the interest of keeping
these guides concise, we chose to highlight only the primary
procedural techniques and not make the guides all-inclusive. An
additional theme from respondents was that it was helpful that
we displayed and photographed, when applicable, the procedural
kits specific to our ED. In some instances, we videotaped how
to perform the procedure using our site-specific kits and included
links to these videos in the guides. We believe that the ability to
make these guides as specific to the institution as possible helped
to increase their usefulness.

LIMITATIONS

Limitations of the study include a low survey response
rate and a short, five-month intervention period. This decision
was made to ensure we maintained the same cohort of faculty,
fellows, and residents prior to graduation. We felt, however,
that the benefit of keeping the same cohort of physicians in the
pre- and post-surveys justified the short implementation timeline.
In addition, the project was conducted at a single academic
institution, which may limit the generalizability of the results to
other institutions. Further helpful areas of study would include
data collection on procedure performance and procedural
numbers to measure change in practice patterns of individual
EPs, as well as consideration of patient outcomes data after the
implementation of the JIT procedure guides.

CONCLUSION

There is a clear need to have a readily accessible resource
available for the purpose of just-in-time learning and teaching of
EM procedures. Our results indicate that having clear, concise,
readily accessible, and institution-specific JIT procedure guides
can not only increase physicians’ confidence in their ability
to perform core EM procedures in the ED, but also change
physician behavior by potentially leading to reduced specialist
consultation for these procedures, which may lead to a reduction
in overall ED length of stay. Our guides represent an innovative
resource that may appeal to multiple generations of emergency
physicians, as they combine the most useful aspects of multiple
resources including textbooks with more modern digital resources
such as online videos.
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Table. Thematic analysis of respondent comments on the best features of the procedure guides and suggestions for improvement.

Theme Theme Frequency

Representative Comments

Best Features

Clear format 42.3% (11/26)

Just-in-time access 26.9% (7/26)
High-yield details 23.1% (6/26)

Institution-specific 7.7% (2/26)

“Very clear”
“Very organized and straightforward”

“Are not hard to find”
“Easily accessible”

“Focus on the high impact details”
“The comprehensiveness of them”

“Utilize supplies we are all familiar with in our own department”

Suggestions for Improvement

Further improve ease of access 55.6% (5/9)

“Mobile app version”

“The Emergency Medicine website could be optimized to make the

More guides 44.4% (4/9)

guides more quickly accessible”

“Would love even more”
“Focusing on more common procedures”
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Introduction: Blood pressure (BP) monitoring is an essential component of sepsis management.
The Surviving Sepsis Guidelines recommend invasive arterial BP (IABP) monitoring, although
the benefits over non-invasive BP (NIBP) monitoring are unclear. This study investigated
discrepancies between IABP and NIBP measurement and their clinical significance. We
hypothesized that IABP monitoring would be associated with changes in management among
patients with sepsis requiring vasopressors.

Methods: We performed a retrospective study of adult patients admitted to the critical care
resuscitation unit at a quaternary medical center between January 1-December 31, 2017. We
included patients with sepsis conditions AND IABP monitoring. We defined a clinically significant
BP discrepancy (BPD) between NIBP and IABP measurement as a difference of > 10 millimeters of
mercury (mm Hg) AND change of BP management to maintain mean arterial pressure = 65 mm Hg.

Results: We analyzed 127 patients. Among 57 (45%) requiring vasopressors, 9 (16%) patients had
a clinically significant BPD vs 2 patients (3% odds ratio [OR] 6.4; 95% CI: 1.2-30; P = 0.01) without
vasopressors. In multivariable logistic regression, higher Sequential Organ Failure Assessment
(SOFA) score (OR 1.33; 95% CI: 1.02-1.73; P = 0.03) and serum lactate (OR 1.27; 95% CI: 1.003-
1.60, P = 0.04) were associated with increased likelihood of clinically significant BPD. There were no
complications (95% CI: 0-0.02) from arterial catheter insertions.

Conclusion: Among our population of septic patients, the use of vasopressors was associated
with increased odds of a clinically significant blood pressure discrepancy between IABP and NIBP
measurement. Additionally, higher SOFA score and serum lactate were associated with higher
likelihood of clinically significant blood pressure discrepancy. Further studies are needed to confirm
our observations and investigate the benefits vs the risk of harm of IABP monitoring in patients
with sepsis. [West J Emerg Med. 2022;22(3)358-367.]
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INTRODUCTION

Sepsis and septic shock are major healthcare problems
that affect millions of people around the world annually.'

The Surviving Sepsis Campaign (SSC) guidelines suggest
maintaining a mean arterial pressure (MAP) of at least 65
millimeters of mercury (mm Hg) among these patients.'
Furthermore, a recent meta-analysis suggested that earlier
administration of vasopressors is associated with improved
short-term outcomes in patients with sepsis.” Invasive arterial
blood pressure (IABP) monitoring is considered to be the gold
standard compared to non-invasive blood pressure (NIBP)
monitoring.® Despite the SSC recommendation that patients
requiring vasopressors should undergo arterial catheter
placement for TABP monitoring as soon as possible,' only
52% of patients on vasopressors from 168 intensive care units
(ICU) across the United States had IABP monitoring.*

Data regarding the efficacy of IABP monitoring has
been inconclusive. A previous retrospective study of 30
patients with septic shock® suggested there was only a small
difference in MAP measurements between IABP and NIBP in
its small patient population, and only 10% of those patients
had a difference of > 10 mm Hg. However, the study was
significantly limited by its small patient sample size and lack
of control group. More importantly, the study did not assess
whether having IABP monitoring would have changed patient
management compared to NIBP monitoring.

In our study we investigated the discrepancy between
NIBP and IABP measurement in a large patient population
with septic shock defined by the use of vasopressors,
compared to a control group of patients with sepsis but
without vasopressors. We hypothesized that the use of
vasopressors would be associated with an increased
discrepancy between NIBP and IABP measurement,
which would translate into potential differences in clinical
management for patients with septic shock.

METHODS
Study Setting

We conducted the study in the critical care resuscitation
unit (CCRU) at a quaternary academic center. The goal of the
CCRU (created in July 2013) is to expedite the interhospital
transfer of patients with time-sensitive disease or critical illnesses
when these conditions exceed the capability of the referring
hospitals and when our medical center’s adult ICUs do not have
an available bed.’ These patients, depending on their disease
severity, are transferred urgently to the CCRU to undergo
diagnostic or therapeutic interventions. Once these patients
receive the necessary interventions and are stabilized, they are
moved to an available in-patient bed at our medical center.

To resuscitate these patients in the acute phase, the CCRU
clinical policy requires that patients have arterial blood
pressure monitoring if they need frequent blood gas analyses
or hemodynamic monitoring, whether receiving a vasoactive
infusion or not. The CCRU nursing staff also document hourly

Population Health Research Capsule

What do we already know about this issue?
There are discrepancies in invasive arterial
blood pressure (IABP) and non-invasive BP
(NIBP) measurements in patients with sepsis.

What was the research question?

Does the difference between IABP and NIBP
lead to change in management among patients
with septic shock.

What was the major finding of the study?
Vasopressor use, Sequential Organ Failure
Assessment (SOFA) score, and lactate levels
are associated with change in management
between IABP and NIBP monitoring. NIBP
was typically higher than IABP.

How does this improve population health?
Invasive arterial blood pressure monitoring
is associated with detection of occult
hypotension, compared to NIBP, in septic
patients with shock, high SOFA score, or high
lactate level.

BP measurements. Patients who do not need further ICU level
of care can have BP recorded every 2-4 hours while waiting
in the CCRU for a bed in an intermediate care (IMC) unit or
medical ward. Most of the arterial catheter cannulations are
performed by CCRU clinicians upon patients’ arrival as part
of the resuscitation efforts. The cannulations are performed
under sterile conditions with sterile gloves, sterile fields, and
hair covers in compliance with our institutional requirements.
Additionally, the cannulation process can be aided by point-
of-care ultrasound at the clinicians’ preference. Our study was
approved by our institutional review board.

Patient Selection

This study is a secondary analysis of a previously
collected clinical dataset.” All adults who were admitted to the
CCRU between January 1-December 31, 2017 with arterial
catheter cannulation at the CCRU were eligible. We included
patients with diagnoses suggesting sepsis conditions and NIBP
and IABP measurement within 60 minutes of each other.
We excluded patients who had diagnoses of hypertensive
emergencies (acute aortic diseases, spontaneous intracranial
hemorrhage, ischemic stroke, etc.) because these patients are
managed according to goals of systolic BP,%° while patients
with sepsis are managed according to goals of MAP.!® We also
excluded patients who did not have three BP measurements

Volume 23, no. 3: May 2022

359

Western Journal of Emergency Medicine



Discrepancy Between Invasive and Noninvasive BP in Sepsis Patients

Tran et al.

for each modality (IABP and NIBP) because we suspected
that a lower number of BP measurements would not produce
reliable average values of the measurements. Patients who
arrived at the CCRU with arterial catheters were also excluded
because they would not have documentations of IABP
measurements at the time of arterial catheter insertions. We
defined patients with shock as those requiring any vasopressor
(eg, norepinephrine, epinephrine, vasopressin) as reported
previously.’ For our study, we included only patients who
received vasopressors within one hour of arterial cannulation.

Data Collection and Management

We collected data from patients’ electronic health
records at our institution. Relevant data occurring within one
hour of arterial cannulation was collected retrospectively.
Demographic data included age, gender, past medical history,
and body mass index. Clinical data included components
of the Sequential Organ Failure Assessment (SOFA) score,
white blood cell (WBC) counts, serum lactate levels, and four
consecutive pairs of both IABP and NIBP measurements.

For components of the SOFA score, we imputed missing
components as normal. Three patients in our population did
not have laboratory values for total bilirubin at the time of
arterial cannulation. Because their values were normal at
subsequent laboratory checks we imputed their component for
the liver SOFA score as normal (score of 0). We also extracted
data regarding complications from arterial catheter insertions
throughout a patient’s hospital stay. We defined complications
as any necrosis of hand, wrist or extremity, source of blood
stream infection or local infection, bleeding, or aneurysm.

We performed our retrospective data analyses in
compliance with methodologic standards for health record
review.!! The research team members, who were not blinded
to the study hypothesis, were first trained by the principal
investigator to extract data into a standardized Excel
spreadsheet (Microsoft Corp, Redmond, WA). Training
was performed with sets of 10 patients until results from
all research team members reached 90% agreement with a
senior investigator. Up to 10% of each investigator’s data was
subsequently double-checked for accuracy. To reduce further
bias, investigators independently collected data in separate
sections. For example, investigators who collected data for
SOFA scores did not collect BP measurements, and
vice versa.

Outcome Measures

Our primary outcome was the percentage of patients who
had a clinically significant BP discrepancy (BPD) in MAP
measurement via JABP and NIBP between those receiving
vasopressors and those not receiving vasopressors. We defined
a clinically significant BPD as a difference of at least 10 mm
Hg AND a potential change of clinical management, according
to patient’s goal MAP > 65 mm Hg. For example, when the
MAP from a patient’s arterial catheter was 58 mm Hg but

the MAP from NIBP was 68 mm Hg, this was considered a
clinically significant BPD. In this case, crystalloids or even
vasopressors would have been added to increase the patient’s
MAP of 58 mm Hg, while the MAP of 68 mm Hg, according
to NIBP monitoring, would have suggested no further
interventions. Conversely, a patient with a MAP of 50 mm Hg
per IABP and MAP of 60 mm Hg per NIBP would not have

a clinically significant BPD, because both modalities would
have suggested interventions to increase the MAP to reach a
goal of 65 mm Hg.

Our secondary outcome was the percentage of patients
who had MAP differences between IABP and NIBP of at least
10 mm Hg. Other outcomes included factors associated with
either primary or secondary outcomes.

Sample Size Calculation

We based our sample size calculation on previous results
by Riley et al.> We planned to detect a difference of 10 mm Hg
with a standard deviation of 15 between NIBP-IABP among
patients with vasopressors and those without vasopressors. As
a result, we calculated that we would need 37 patients for each
group to have power of 80% with an a value of 0.05.

Data Analysis

We used descriptive analyses (mean + standard deviation
[SD]), median [interquartile range [IQR]), or percentages
to present continuous variables or categorical variables as
appropriate. We used unpaired Student’s t-test to compare the
mean between two groups (without vs with vasopressors). We
performed forward stepwise, multivariable logistic regressions
to estimate the associations between demographic, clinical
independent variables with our outcomes (clinically significant
BPD, MAP difference > 10). Our independent variables were
determined a priori and are listed in Appendix 1. Additionally,
we assessed the goodness-of-fit, multicollinearity, and
discriminatory capability of our multivariable logistic
regression models. For goodness-of-fit tests, a model with
Hosmer-Lemeshow test’s P-value > 0.05 is considered to have
a good fit of independent variables.

We used variance inflation factors (VIF) to assess
independent variables’ multicollinearity. Any factor with
VIF > 5 were removed from the logistic regression for
demonstrating collinearity. We used the area under the
receiver operating characteristic (AUROC) curve to assess our
logistic regression models’ discriminatory capability. A model
with AUROC of 1.0 would be considered to have perfect
discriminatory capability because this model can perfectly
distinguish the difference between dichotomous outcomes
(eg, clinically significant BPD vs none), while a model with
AUROC of 0.5 would have poor discriminatory capability.

Additional Analyses
Once our multivariable logistic regression identified
continuous independent variables that were significantly
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associated with a clinically significant BP discrepancy in IABP
and NIBP measurement between patients with and without
vasopressors, we applied those continuous independent
variables in probit analyses. The probit analyses would enable
us to predict the probability of clinically significant BPD

at certain values of the continuous independent variables.

We used the Bland-Altman plot to graphically present the
discrepancy between NIBP and IABP. We performed our
statistical analyses with Minitab version 19 (Minitab Corp,
State College, PA). We considered all tests with two-tailed
P-value < 0.05 as statistically significant.

RESULTS
Patient Characteristics

We electronically identified 570 patients who underwent
arterial catheter placement at the CCRU during the study
period (Figure 1). Among 271 patients with non-hypertensive
conditions, we included 127 patients with sepsis conditions
(list of diagnoses is included in Appendix 2) based on
their admission diagnoses. Among the included patients, 57

Identified by electronic health record
(N=570)

Excluding

« 184 with hypertensive emergencies

« 87 without arterial blood pressure monitoring within 60
minutes of non-invasive blood pressure monitoring

Patients with non-hypertensive
conditions (N=271)

Excluding
« 136 without diagnoses of sepsis condition
* 8 without serum lactate data

Included in final analysis (N=127)
+ 57 patients with vasopressor
+ 70 patients without vasopressor

Figure 1. Patient selection diagram. We included 127 patients
with sepsis conditions in our analysis.

(45%) required vasopressors and 70 (55%) did not require
vasopressors (Table 1).

The average (SD) age for the population was 55 (16)
years (Table 1), and there was no age difference between
patients without vasopressors or those with vasopressors.
Compared to those without vasopressor use, patients who
required vasopressors had significantly higher WBC counts,
serum lactate levels, and SOFA scores (Table 1). Other clinical
factors were similar between both groups. Of the patients
requiring vasopressors, 19 (33%) had MAP of less than or
equal to 64 mm Hg by IABP monitoring, compared to 6 (9%)
of those without vasopressors (OR 5.3; 95% CI:1.9-14.5;

P<0.001) (Table 2). In other words, IABP monitoring was
associated with a 5.3-times higher likelihood of detecting
MAP level less than the recommended level of 65 mm Hg in
sepsis patients requiring vasopressors.

The median IQR of catheter days was 3 (1-5). The total
number of catheter days for our patient population was 639,
with no complications (95% CI: 0-0.02) from arterial catheter
insertion (Table 2).

Primary Outcome: Clinically Significant Discrepancy
Between NIBP And IABP

Among 57 patients requiring vasopressors, nine patients
(16%) had a clinically significant BP discrepancy, compared to
two patients (3%) without vasopressor requirement (OR 6.4;
95% CI: 1.2-30; P=0.01) (Table 2).

The Bland-Altman plot of patients with sepsis but not
requiring vasopressors (Figure 2A) showed that the [NIBP-
IABP] discrepancy was distributed evenly throughout the
X-axis, which suggested that the difference between the
two modalities was distributed evenly when patients were
hypotensive or normotensive. Additionally, in this patient
population, the discrepancy between NIBP and IABP (denoted
as [NIBP-IABP] on the Y-axis) was mostly concentrated
between the level of -10 mm Hg (IABP measurements > NIBP
measurements) and level of +10 mm Hg (NIBP measurements
> IABP measurements) (Figure 2A). This distribution
suggested that there was similar likelihood for IABP to be
higher than NIBP, and vice versa, among patients with sepsis
not requiring vasopressors.

Among patients with sepsis requiring vasopressors, the
NIBP and IABP difference was also distributed evenly along
the X-axis (Figure 2B). However, most values for the NIBP
and IABP difference for this group were above the level of +10,
suggesting that NIBP measurements were in general greater
than IABP in patients with sepsis requiring vasopressors.

Table 3 shows the results of the multivariable logistic
regressions measuring the association between clinical factors
and the primary outcome of clinically significant BP discrepancy
between NIBP and IABP measurement. Four factors were
associated with a clinically significant BPD between NIBP and
IABP. Each unit increase in SOFA score was associated with
increased odds of having a clinically significant difference in
management when comparing NIBP and IABP (OR 1.33; 95%
CI: 1.02-1.73; P=0.034). Similarly, each increase in millimoles
per liter (mmol/L) of serum lactate was associated with increased
odds of having a clinically significant BP discrepancy when
an arterial catheter was inserted (OR 1.27; CI: 1.003-1.60; P =
0.047). The model showed good fit of data (Homes-Lemeshow
test’s P=0.81), low multicollinearity (all factors had VIF <5),
and very good discriminatory capability (AUROC = 0.92).

Probit logit analyses demonstrated that for patients with
a mean SOFA score of § (approximately 5% of all patients
with sepsis, regardless of vasopressor status) had a clinically
significant BP discrepancy causing change in management when

Volume 23, no. 3: May 2022

361

Western Journal of Emergency Medicine



Discrepancy Between Invasive and Noninvasive BP in Sepsis Patients

Tran et al.

Table 1. Characteristics of patients with sepsis conditions and arterial pressure monitoring in the critical care resuscitation unit who
were included in the study. Patients who required vasopressors were more likely to have higher SOFA* scores, serum lactate levels.

Variables All patients (N = 127) Without vasopressor (N = 70) With vasopressor (N = 57) P
Age, years (mean, SD) 55 (16) 54 (16) 56 (16) 0.3
Gender, N (%)
Male 78 (61) 42 (60) 36 (63) 0.7
Female 49 (39) 28 (40) 21 (37) 0.7
BMI, mean (SD) 32.4 (11.9) 32.1 (10.7) 32.8 (13.3) 0.6
Past medical history, N (%)
Diabetes 42 (33) 23 (33) 19 (33) 0.9
HTN 57 (45) 31 (44) 26 (46) 0.9
CAD 20 (16) 13 (19) 7(12) 0.3
PAD 9(7) 4 (6) 5(9) 0.5
Any kidney disease 63 (50) 28 (40) 35 (61) 0.02
Mechanical ventilation, N (%) 47 (37) 18 (26) 29 (51) 0.049
Location of arterial catheter, N (%)
Radial 113 (89) 67 (96) 46 (81) 0.007
Femoral 14 (11) 3(4) 11 (19) 0.007
Left 54 (43) 28 (40) 26 (46) 0.5
Right 73 (57) 42 (60) 31 (54) 0.5
SOFA score, median (IQR) 8 (4-11) 5 (2-8) 11 (8.5-14.5) <0.001
Diagnoses, N (%)
Bowel obstruction 5(4) 3(4) 2 (4) 0.8
Endocarditis 4 (3) 2 (3) 2 (4) 0.8
Incarcerated organs 4 (3) 4(6) 0 (0) 0.3
Ischemic organs 2(2) 0(0) 2 (4) N/A
Liver failure 6 (5) 3 (4) 3(5) 0.8
Pancreatitis 6 (5) 4(6) 2 (4) 0.6
Perforated viscus 12 (9) 4 (6) 8 (14) 0.1
Postoperative infection 11(9) 6(9) 5(9) 0.9
Respiratory failure 9(7) 7 (10) 2 (4) 0.2
Sepsis, unspecified 21.(17) 7 (10) 14 (57) 0.028
Soft tissue infection 46 (36) 29 (41) 17 (30) 0.2
Other 1(1) 1(1) 0(0) N/A
Time intervals between NIBP and 10 (0-15) 12 (0-16) 8 (0-11) 0.018
IABP (minutes), median (IQR)
White blood cell counts (per 16.0 (10.8) 14.2 (9.7) 18.3 (11.7) 0.001
microliter), mean (SD)
Serum lactate (mmol/L), mean (SD) 3.1(3.1) 2.1(1.8) 4.3 (3.9) <0.001
Hospital disposition, N (%)
Discharge home 40 (32) 26 (37) 14 (25) 0.1
Acute rehabilitation facility 36 (28) 17(24) 19 (33) 0.3
Skilled nursing home 22 (17) 16 (23) 6 (1) 0.7
Dead/hospice 29 (23) 11 (16) 18 (32) 0.03

BMI, body mass index; HTN, hypertension; CAD, coronary artery disease; PAD, peripheral arterial disease; /ABP, invasive arterial blood
pressure; NIBP, non-invasive blood pressure; mm Hg, millimeters mercury; PAD, peripheral artery disease; IQR, interquartile range;
SOFA, Sequential Organ Failure Assessment; SD, standard deviation; mmol/L, millimoles per liter.
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Table 2. Comparison between blood pressure from IABP and NIBP monitoring modalities for septic patients. Patients requiring vasopressors
had a greater likelihood of clinically significant discrepancy between IABP and NIBP compared to patients without vasopressor requirement.
Arterial blood pressure monitoring was more likely to detect MAP < 64 mm Hg among sepsis patients with vasopressors.

Variables All patients (N = 127) Without vasopressor (N = 70) With vasopressor (N = 57) P
Catheter-days (days), median [IQR] 3 [1-5] 2 [1-4] 4 [2-8.5] <0.001
Type of vasopressor, N (%)’

Norepinephrine 54 (43) 0 (0) 54 (95) N/A
Epinephrine 11 (9) 0 (0) 11 (19) N/A
Vasopressin 16 (13) 0 (0) 16 (28) N/A
Mean arterial pressure of NIBP (mm 82 (19) 87 (20) 76 (16) <0.001
Hg), mean (SD)
Mean arterial pressure of IABP (mm 79 (19) 84 (19) 73 (16) <0.001
Hg), mean (SD)
Difference in Mean Arterial Pressure 11 (12) 10 (10) 12 (15) 0.08
Between IABP and NIBP (mm Hg),
mean (SD)
Number of patients MAP of NIBP < 64 12 (9) 5(7) 7(12) 0.3
mm Hg, N (%)
Number of patients with a clinically 11 (9) 2 (3) 9(16)3 0.01
significant discrepancy in MAP?
Number of patients with MAP of 25 (20) 6 (9) 19 (33)4 <0.001
IABP < 64 mm Hg, N (%)?
Number of any complications, N (%)° 0 (0) 0(0) 0 (0) N/A

'Patients were eligible to receive more than one vasopressor.

2Clinically significant discrepancy was defined as Mean Arterial Pressure Difference = 10 mm Hg and either NIBP’s or IABP’s reading

was < 64 mm Hg.

%0OR 6.4, 95% CI 1.2-30, P = 0.01.

“OR 5.3, 95% CI 1.9-14.5, P < 0.001.

SComplications from arterial catheters were defined as necrosis, source for blood stream infection, local infection, infiltration, bleeding,
aneurysm. The 95% confidence interval (Cl) for complications was 0 (95% CI 0-0.02).

NIBP, non-invasive blood pressure; /ABP, invasive arterial blood pressure; IQR, interquartile range; MAP, mean arterial pressure; mm

Hg, millimeters of mercury; OR, odds ratio; SD, standard deviation.

an arterial catheter was inserted (Figure 2C). Similarly, when a between IABP and NIBP in our population of patients with
patient’s serum lactate level was 2 mmol/L (approximately 6% of  sepsis. Among all patients with sepsis (both those requiring
all patients with sepsis, regardless of vasopressor status), IABP vasopressors and those not on vasopressors), a few clinical
monitoring resulted in a change in clinical management (Figure factors were associated with increased odds of change in BP
2D). Approximately 9% of patients had a change in clinical management when arterial catheters were inserted. Higher
management when their serum lactate was 4 mmol/L. SOFA score and higher serum lactate levels were both

associated with higher likelihood of clinically significant BP
Secondary Outcome: MAP Difference > 10 mmHg Between discrepancy between NIBP and IABP monitoring modalities.
NIBP And IABP Higher SOFA score, history of peripheral artery disease, and

Three factors were significantly associated with high the diagnosis of incarcerated organs were associated with

likelihood of patients having a MAP difference > 10 mm Hg higher likelihood of larger MAP difference between NIBP
between the two modalities (Table 3). These three factors were and IABP.
higher SOFA score (OR 1.27; 95% CI: 1.03-1.3; P=0.012), Our study provides support for the use of IABP
having peripheral artery disease (OR 6.7; 95% CI: 1.3-22.5; P monitoring in patients requiring vasopressors, as clinically
=0.021), and the diagnosis of incarcerated organs (OR 16.4; significant BP changes may be missed with NIBP

95% CI: 1.4 to +100; P =0.027). monitoring. Findings from our study population showed
that [ABP monitoring in patients with sepsis requiring
DISCUSSION vasopressors was significantly associated with higher
The use of vasopressors was associated with an likelihood of detecting MAP < 64 mm Hg (Table 2).

increased incidence of clinically significant BP discrepancy Similarly, IABP values were more frequently lower than
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Figure 2. (A)Bland-Altman plot displaying blood pressure differences among septic patients without vasopressors. The noninvasive blood
pressure (NIBP) and invasive arterial (IA) BP discrepancy was distributed evenly throughout the X-axis, demonstrating that the difference
between the two modalities occurred when patients were hypotensive or normotensive. Additionally, the difference between NIBP and

IABP on the Y-axis was mostly concentrated between the level of -10 mm Hg and +10 mm Hg, demonstrating that the NIBP modality has
equal likelihood to be higher or lower than IABP. (B) Bland-Altman plot displaying blood pressure differences among septic patients with
vasopressors. There were even distributions of NIBP-IABP* discrepancies along the X-axis, demonstrating that the difference between the
two modalities occurred when patients were hypotensive or normotensive. However, most values for [NIBP-IABP] difference were above

the level of +10 mm Hg, demonstrating that NIBP measurements were usually greater than IABP in our patient population with sepsis
requiring vasopressors. (C) Probit logit analysis showing probability of having clinically significant discrepancy between noninvasive and
intra-arterial blood pressure (Y-axis) and its association with SOFA score (X-axis). Patients who had a SOFA* score of 20 (X-axis) would have
50% probability (Y-axis) of requiring change in clinical management when arterial catheters were inserted. (D) Probit logit analysis showing
probability of having a clinically significant discrepancy between noninvasive and intra-arterial blood pressure (Y-axis) and its association with
serum lactate level. Patients who had serum lactate of 4 mmol/L (X-axis) would be associated with approximately 9% probability (Y-axis) of
having change of clinical management when arterial catheters were present.

IABP, invasive arterial blood pressure; LOA, limit of agreement; mm Hg, millimeter of mercury; NIBP, non-invasive blood pressure; SOFA,

Sequential Organ Failure Assessment; mmol/L, millimoles per liter.

NIBP among patients with sepsis on vasopressors (Figure
2B). Although the mechanism for the difference is still
unknown, this observation may have important clinical
implications. Patients who require vasopressors may have
unrecognized hypotension when they arrive at a resuscitation
or ICU due to the use of NIBP monitoring. Additionally,
NIBP measurements are typically taken intermittently,

while IABP measurement provides the additional benefit of

real-time continuous monitoring. For both reasons, IABP
monitoring would enable clinicians to detect MAP < 65
mm Hg sooner and intervene early. This has important
implications for patient outcomes, as previous studies
suggested that hypotension may lead to significant morbidity
for patients.!>!3

In a patient population that is similar to ours, inserting
an arterial catheter would be associated with a change in

Western Journal of Emergency Medicine

364

Volume 23, no. 3: May 2022



Tran et al.

Discrepancy Between Invasive and Noninvasive BP in Sepsis Patients

Table 3. Results from forward stepwise multivariable logistic regression measuring association between clinical factors and the
likelihood of clinically significant discrepancy between NIBP and IABP*. All predetermined factors were entered into the models and
only factors with significant association were reported. The models for each outcome measure showed both good fit of the independent

variables and good discriminatory capability (higher AUROC**).

Variables OR 95% CI P VIF
Outcome: Clinically Significant Blood
Pressure Discrepancy’
SOFA - each unit 1.33 1.02-1.73 0.034 2.0
Serum lactate — each mmol/L 1.27 1.003-1.60 0.047 21
Any kidney disease 0.03 0.002-0.51 0.015 26
Bowel obstruction 34 1.2-100+ 0.035 1.4
Secondary outcome: MAP difference = 10
mm Hg?
SOFA — each unit 1.17 1.03-1.3 0.012 1.9
Peripheral artery disease 6.7 1.3-33.5 0.021 1.1
Incarcerated organs 16.4 1.4-100+ 0.027 1.1

"Homes-Lemeshow test chi-square 4.5, D(f) = 8; P = 0.81; AUROC: 0.92.

°Homes-Lemeshow test chi-square 6.5, D(f) = 8, P = 0.59; AUROC: 0.72.

AUROC, area under the receiver operating characteristic curve; OR, odds ratio; C/, confidence interval; D(f), degree of freedom;
mmol/L, millimoles per liter; IABP, invasive arterial blood pressure; NIBP, non-invasive blood pressure; SOFA, Sequential Organ Failure

Assessment score; VIF, variance inflation factor.

BP management in 9% of all patients with sepsis regardless
of vasopressor status, and in 16% of patients with sepsis
requiring vasopressors. In other words, for every 11 septic
patients with [ABP monitoring regardless of vasopressor
use, one patient would be identified as requiring change

in clinical management. For patients with sepsis requiring
vasopressors, IABP monitoring would detect one need for
change in management for every seven patients. Within our
population of patients with sepsis, the probability of change
in management when arterial catheter was inserted was
approximately 5% for patients whose SOFA score was 8, for
an estimated change in one of every 20 patients. For those
with a SOFA score of 16, IABP monitoring was associated
with management change in one of every two patients
(Figure 2C). Our probit logit analysis suggested that IABP
monitoring would detect one change in management for
approximately every 17 patients with a serum lactate level
of 2 mmol/L, and one change in management for every 11
patients with a serum lactate level of 4 mmol/L.

The baseline differences in patients with sepsis
requiring vasopressors and those not requiring vasopressors
may have influenced our findings of an increased rate of
BP discrepancy in the former group. Patients with higher
SOFA scores indicating increased illness severity may
undergo more vasodilatory changes that may contribute
to a higher prevalence of BP discrepancy between the two
measurement modalities. While our patient population
was not large enough for propensity score matching of
these groups, further studies should explore such factors
potentially influencing outcomes.

Although our study was not designed to investigate
the economics of IABP monitoring, we calculated the
cost required to detect change in clinical management
via arterial line BP measurement for patients with
septic shock. The one-time supply cost to set up IABP
monitoring at our institution is approximately $55 US
dollars (USD) per patient. The prevalence of clinically
significant BP discrepancy was 16% among patients with
sepsis on vasopressors, which equates to one change
in management for approximately every seven patients
with TABP monitoring. Therefore, the total cost of [ABP
monitoring would be approximately $385 USD to detect
clinical change in management for every seven patients
with sepsis requiring vasopressors. Further analysis is
necessary to investigate whether the cost for IABP will
offset the cost of patients’ hospitalization if they develop
acute kidney injuries or other comorbidities.

Other authors have questioned the need for arterial
catheters among critically ill patients because of the
associated risks and unclear benefit of ABP.'* Results
from our study suggest that TABP monitoring offers the
benefit of potential change in clinical management due
to early detection of hypotension, and with low cost and
low complication rates. We found no complications from
arterial catheter cannulation in our patient population. Our
findings agreed with the previously reported low arterial
cannulation risk of less than 1%." This suggests that early
insertion of an arterial catheter is a low-risk procedure
that enables clinicians to detect and remedy hypotension
effectively, thus reducing the likelihood of hypotension-
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related complications. As a result, we presented information
suggesting that arterial catheters are associated with a high
benefit-to-harm ratio in patients with sepsis, especially those
requiring vasopressors. Further studies are necessary to
confirm our observations.

LIMITATIONS

Our exploratory study has several limitations. First,
patients with sepsis requiring vasopressors are not similar
to those without vasopressors, but the small sample
size prevented us from performing propensity score
matching. However, by including the group of patients
without vasopressors, we provided a glimpse of the
potential discrepancy between NIBP and IABP in both
groups of patients with sepsis. Additionally, we could
not retrospectively identify whether the BP cuff was on
the same or opposite arm as the arterial catheters, as
our nursing staff usually does not document the location
of the BP cuffs. Further, we based our outcome on the
potential change of clinical management, according to
MAP > 65 mm Hg, but we could not ascertain what types
of interventions were given to the patients. Finally, our
multivariable logistic regressions showed wide 95%

CIs for a few clinical factors (past medical history of
kidney disease, diagnosis of bowel obstructions, and
incarcerated organs) due to the very small sample sizes

of these variables from a population with various causes
of sepsis. Although our results suggest there may be an
association between these factors and clinically significant
BP discrepancy, the sample size was too small to draw
meaningful conclusions.

Despite these limitations, our exploratory study had
strength over the previous study by Riley et al.> We included
a larger number of patients requiring vasopressors along with
a group of patients without vasopressors. We demonstrated
relevant clinical benefits from IABP, not just the existence
of discrepancy between NIBP and [ABP measurements.
Additionally, we identified a few clinical factors that may
help clinicians practicing in the acute phase, such as in an
emergency department, resuscitation unit, or ICU, to decide
whether IABP is indicated.

CONCLUSION

In patients with sepsis conditions requiring
vasopressors, there was an increased likelihood of clinical
change in blood pressure management with the use of
invasive arterial blood pressure monitoring. There were
no complications from arterial catheter insertion observed.
Higher Sequential Organ Failure Assesment score and
higher serum lactate levels were both associated with a
higher likelihood of a blood pressure discrepancy leading
to clinical change in management. Further studies are
necessary to confirm our observation and investigate the
risks of arterial catheter cannulations.
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Introduction: Homeless and housed patients differ on several emergency department (ED) metrics
(emergency medical services [EMS] use, chief complaints, admission rates, etc.). On January 1, 2018,
Memorial Hospital (MH), a safety-net hospital in Pawtucket, Rhode Island, closed. We studied the
impact of this closure by analyzing homeless patient utilization of the two closest EDs before and after
MH closed.

Methods: A retrospective chart review compared the ED records of The Miriam Hospital (TMH), (1.8
miles from MH) and Rhode Island Hospital (RIH), (4.3 miles from MH). We analyzed visits between
January 1, 2017-December 30, 2018. (MH closed on 1/1/2018). Patients were identified as homeless
if their address listed was either “homeless” or a shelter/ homeless service provider. All other patients
were assumed to be housed. We removed from the analysis visits without an address listed or visits
missing other key study variables (1.6% of the total).

Results: A total of 113,925 unique patients visited the RIH and TMH EDs in 2017, as well as 117,167

in 2018. Homeless patients accounted for 1.18% of patients seen in 2017 and 1.32% in 2018. Between
2017 and 2018, this represents an increase of individual homeless patients of 15.46% (1553-1345),

while the number of unique housed patients increased by 2.69% (115,614-112,580). The closer hospital,
TMH, saw a 43.72% increase in homeless visits, while RIH saw an 8% increase. Homeless patients were
discharged significantly more often than housed patients (74% vs 65%) and had significantly longer time
to admission (466.0 vs 304.0 minutes) and discharge (397.9 vs 263.7 minutes) compared to housed
patients. Homeless patients presented with suicidality (8.61% of visits) and alcohol-related concerns
(29.88% of visits) significantly more than housed patients (1.43% and 2.94%, respectively).

Conclusion: When a local ED closes, other EDs are impacted. We found visits made by homeless
patients increased more than those made by housed patients and skewed significantly toward the
closer hospital. We also found that homeless patients spend significantly more time in the ED and
presented with behavioral health complaints more frequently. This impact of hospital closure on
patterns of ED utilization by homeless patients has implications for ED management and homeless
services both in the ED and the community. [West J Emerg Med. 2022;22(3)368-374.]

INTRODUCTION in demand, EDs across the country continue to experience
Annual emergency department (ED) utilization has greater wait times, lengths of stay, and difficulty adjusting to

increased dramatically in the past two decades, growing from  increased utilization.>> Compounding these issues, EDs are

approximately 107.5 million visits in 2001 to over 145.5 being closed faster than they are being opened, resulting in a

million in 2016." As hospitals strain to keep up with increases  decreasing number of EDs tasked with an increasingly larger
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population of patients.®” Additionally, hospitals that care for
uninsured and impoverished patients are more likely to close
than others, leading to disproportionately adverse health
outcomes for vulnerable populations.*?

Homeless individuals are one such population that
disproportionately shoulders the detrimental effects of local ED
closure. Hospitals that care for uninsured and vulnerable people
are at a greater risk of closing, and homeless individuals are
known to access emergency services at higher rates (per capita)
than non-homeless individuals.”!'®!" As local hospitals close,
homeless individuals may also face greater logistical issues
when attempting to access care at EDs that remain open, which
may be geographically farther away and require transportation
to access.®>!? This introduces additional challenges for a
population that already faces substantial barriers to care, and
may ultimately lead to poor health outcomes.”!*'* Given that
this population historically has higher psychiatric and substance
use-related health needs, increasing these services at remaining
hospitals would be an important adaptation to a changing
patient population. Nevertheless, the effect of local ED closure
on homeless individuals has not been explicitly or adequately
explored in recent literature. Here we study the implications
of ED closure for homeless populations and their effect on
remaining hospitals.

METHODS

We conducted a retrospective chart review to examine
the impact of a naturally occurring experiment to examine the
differences in the frequency and characteristics of ED visits
by homeless patients at two hospitals before and after a third
local hospital closed.

Study Settings

Memorial Hospital, which ceased operations on January
1, 2018, was a community hospital located in the city of
Pawtucket, RI. It had a single, family medicine residency
program. While the ED and inpatient units closed, the outpatient
family medicine clinic remained open. From 2011-2017, MH
was responsible for 37% of all ED visits in its service area, as
well as 6.22% of all ED visits in the state.'® A report published
by the RI Department of Health showed that the MH ED cared
for a large portion of the state’s vulnerable population, and that
its closure may have detrimentally affected the local population
and remaining operational EDs.!®!” Memorial Hospital did
not have any specific housing resources, and there were no
significant changes in the available housing or social services in
the area after its closure.

This report found that MH’s patient population was more
chronically ill, more impoverished, less educated, more likely
to be a racial minority, more likely to use ED services, and
more likely to be uninsured than patients in the rest of the
state.!® Moreover, they were less likely to own a car or have
access to transportation.'® The catchment area of MH was
predominantly from the cities of Pawtucket and Central Falls,

Population Health Research Capsule

What do we already know about this issue?
Memorial Hospital (MH) cared for many
vulnerable patients before closing. These
patients were more likely to be poor or
uninsured compared to the rest of Rhode Island.

What was the research question?

How did MH's closure affect emergency
department (ED) utilization by homeless
individuals at nearby EDs that remained open?

What was the major finding of the study?
Nearby EDs saw a disproportionate increase
in visits by homeless individuals compared to
the non-homeless.

How does this improve population health?
When safety-net hospitals close, nearby EDs
absorb their patients and should consider
increasing social services to account for
increases in homeless visits.

RI. These cities are lower income areas with higher poverty
rates compared with the rest of the state. According to 2020
census data, Pawtucket had a median household income of
$50,476, and 15.6% of the population lived below the poverty
level. Central Falls had a mean household income of $32,982,
and 30.2% of the population lived below the poverty level.
We analyzed data of the two closest hospitals before
and after MH’s closure; the Miriam Hospital (TMH) (1.8
miles from MH) and Rhode Island Hospital (4.3 miles from
MH). Both these hospitals are in the neighboring city of
Providence, RI. The Miriam Hospital, located in the East
Side neighborhood of Providence, is a 247-bed academic/
community hospital affiliated with a medical school and
trains medical students, residents, and fellows in multiple
specialties. It does not have a specialized area in the ED for
care of psychiatric or intoxicated patients, nor does it have
an inpatient psychiatric or detoxification unit. The East Side
neighborhood has a significantly higher median household
income level of $100,631. Rhode Island Hospital (4.3 miles
from MH) is a 719-bed, Level I trauma center that trains
medical students, residents, and fellows in multiple specialties;
RIH has a specialized psychiatric and intoxication unit within
the ED and an inpatient psychiatric unit. It is located in South
Providence, which has a lower median household income
level of $34,053.

Volume 23, no. 3: May 2022

369

Western Journal of Emergency Medicine



ED Closure of Local Hospital Shifts Care of Homeless Patients to Nearby Hospitals

Gummerson et al.

Rhode Island does not have a geographically centralized
location of homeless or social services, although these tend to
be concentrated in the metro center. Because all three hospitals
in this study (MH, TMH, and RIH) are also in the greater
Providence area, these resources are located throughout their
catchment areas.

While homeless patients certainly made up a subset of
MH’s vulnerable patient population, homeless individuals
were not explicitly studied in the RI Department of Health or
recent research on the subject.!!” The purpose of this paper
was to use this naturally occurring experiment to investigate
how the closure of MH may have affected ED utilization by
homeless individuals in state. Here, we attempt to describe
the changes in ED utilization by homeless individuals at two
large, nearby EDs in Rhode Island, TMH and RIH. in the
years before and after MH closed.

Chart Abstraction

This chart review was conducted by a hospital-affiliated
data abstractor who was blinded to the study’s objectives
and hypothesis, and who used a self-created Epic chart
review algorithm (Epic Systems Inc., Verona, WI) to extract
data from all ED visits at TMH and RIH between January
1, 2017-December 30, 2018 (MH closed on 1/1/2018).
The information extracted included a “homeless flag” if the
patient’s address was listed either as “homeless” or as one
of the recognized homeless shelters or service providers in
the areas. Both hospitals use the same method for address
recording. This information was provided to the extractor
by one of the authors (MS) who has knowledge of homeless
services in the area. Other extracted information included the
hour of patient arrival, the arrival hospital’s name, the arrival
method, chief complaint for the visit, ED disposition, number
of visits, gender, age, ethnicity, race, insurance/payer financial
class, length of stay (from arrival to departure), and door-to-
disposition time (which is the time recorded from when the
patient presented to ED to the time a disposition was entered).

359,082 visits (2017 and 2018)

We defined inclusion criteria as any visit to the RIH or TMH
EDs from 2017 to 2018, while exclusion criteria were defined as
any visit that had the housing field left blank or was otherwise
missing key study variables. Included in the final analysis were
9414 homeless patient visits and 343,912 housed patient visits
for a total of 353,326 visits (98.40%) (Figure). We removed 3476
(<1%) visits from the analysis due to missing address field, and
we also omitted 2,280 (<1%) visits missing key study variables
(Figure). Repeat visits for both housed and homeless patients
were counted toward the total number of visits for each year.

The abstracted data represents a total population of
patients at the two hospitals; thus, no statistical analysis of this
data was performed, as summary means and proportions were
calculated directly. The Lifespan Institional Review Board
approved this study.

RESULTS

Between both hospitals (TMH and RIH) there were 359,083
total visits during the two-year study period, of which 353,326
included sufficient data to be included in the analysis (Table
1). Of these visits, 343,912 were made by housed patients and
9,414 were made by homeless patients. The demographics of
the housed and homeless patients are listed in Table 1. Homeless
patients arrived by emergency medical services (EMS) more
frequently (52% vs 30%), and had longer ED stays both when
they were admitted (466.0 vs 304.0 minutes) or discharged
(397.9 vs 263.7 minutes) compared to housed patients (Table
2). Homeless patients also presented with suicidality (8.61%
vs 1.43%) and for alcohol-related visits (29.66% vs 2.94%) at
increased rates when compared to housed patients.

We found the percentage of homeless patients seen at
TMH and RIH increased in the year after the closure of
MH, from 1.18% of all patients in 2017 to 1.32% in 2018
(Table 3). This represents an 11.86% increase in homeless
patients seen. At TMH, the closer hospital (1.8 miles away),
total homeless patient increased a total of 43.72% (279 to
401 homeless patients), while the number of unique housed

> 3,476 visits without addresses

!

353,326 visits remained

l l

2,281 with incomplete data

v

| 349,912 housed visits |

| 9,414 homeless visits

Figure. Flow chart of eligible total visits.
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Table 1. Demographic information for housed vs homeless
participants at The Miriam Hospital and Rhode Island Hospital.

Housed Homeless

Demographics (N =343,912) (N =9,414)
Age (years) 50.03 (21.08) 45.14 (12.49)
Male 47.00% 73.15%
Race

White 63.61% 54.90%

Black 13.98% 27.35%

Other 22.41% 17.75%
Hispanic/Latino 21.69% 16.19%
Health insurance

Managed Medicaid 46.44% 67.62%

RI Medicaid 1.93% 6.86%

Medicare 16.97% 13.63%

Private insurance 19.68% 1.02%

Other 14.98% 10.87%

RI, Rhode Island.

Table 2. Emergency department visit characteristics for housed vs

homeless patients at Rhode Island Hospital and The Miriam Hospital.

Housed Homeless
(N=343,912) (N=9,414)
Arrival by EMS 30.42% 52.61%
Frequency of disposition
Admission 27.70% 13.77%
Discharge 64.68% 74.03%
Average minutes to disposition
Admission 304.0 466.0
Discharge 263.7 397.9
Chief complaint
Abdominal pain 11.16% 4.73%
Chest pain 8.95% 5.39%
Back pain 4.69% 3.25%
Alcohol-related 2.94% 29.66%
Suicidal 1.43% 8.61%

EMS, emergency medical services.

patients increased by 8.82% (47,055 to 51,203). At RIH, the
homeless patients increased 8.07% over this period of time,
while the number of unique housed patients decreased by
-1.70%. During the study period, unique housed patients made
an average of 1.5 visits per year at both hospitals combined,
while homeless patients made an average of 2.25 visits.

DISCUSSION
Our study demonstrates homeless patients were
disproportionately affected by the closing of a local hospital.

As the homeless population in Rhode Island did not
significantly change between 2018 to 2019 and there were no
significant changes in housing or primary care resources, our
findings of disproportionate increases of homeless visits at
the remaining hospitals were directly related to MH’s closure
rather than to any other factors.'®

This study evaluates 1) how the presence of a local ED
affects the surrounding homeless population, and 2) how
a local homeless population affects the operations of an
ED. We used a hospital’s closure to examine the effect on
homeless patients and their impact on the closest remaining
hospitals. A naturally occurring experiment in Rhode Island
happened when MH closed on January 1, 2018. Our data
shows that while the volume at the two closest remaining EDs
increased modestly, the number of homeless patients increased
drastically, particularly at the closer facility. The extent and
the nuances of this increased volume is critically dependent on
specific local factors, including proximity of other hospitals,
patient makeup, and resources.

We found that homeless patients were disproportionately
affected compared to housed patients. Specifically, the number
of homeless patients seen at the remaining hospitals increased
11.86%%, while the number of housed patients increased only
2.69%. Our data speaks to the important role a local ED has in
the life of a homeless person. We found the admission rates to
be significantly less for homeless patients, suggesting that an
ED acts as a critical access point for homeless patients.

Our data also suggests that when a local hospital
closed, the number of homeless patients seen increased
proportionately more at the next closest hospital (TMH),
even if it is only marginally closer than others and does not
have specialized care areas for psychiatric and substance use-
related disorders. However, homeless patients seen increased
by a greater absolute number at the larger, Level I trauma
center that offered more specialized care in substance use
and psychiatry. We found that compared to housed patients,
homeless patients are more reliant on EMS. Perhaps going to
the closest hospital is not a choice that the homeless person is
making but is a decision made for them by the EMS personnel
in the ambulance that takes them, or by what facilities are in
walking distance or accessible via city bus lines. Moreover,
our data suggests that a local ED functions as a necessary
resource for homeless patients, and decisions about where to
receive healthcare is made for them by local infrastructure.

We found homeless patients have longer ED lengths
of stay, a higher rate of repeat visits, and higher rates of
suicidality and alcohol-related visits, which is consistent
with prior work.!”2? Therefore, when a hospital sees an
increase in the proportion of homeless patients, we can
expect many metrics of ED processes to be affected (patient
flow, and psychiatric and substance use disorder resources).
This is exactly what happened. Lawrence et al described
overall increases in ED utilization, wait times, lengths of
stay, and patients who left without being seen at TMH and
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Table 3. Total unique patients seen in Rhode Island Hospital and The Miriam Hospital emergency departments in 2017 and 2018,

showing percent change after closure of Memorial Hospital.

2017 2018 % Change

Combined

Total unique patients 113,925 117,167 2.85%

Unique homeless patients 1,345 1,553 15.46%

Unique housed patients 112,580 115,614 2.69%

Homeless as % of total 1.18% 1.32% 11.86%
Rhode Island Hospital

Total unique patients 66,591 65,563 -1.54%

Unique homeless patients 1,066 1,152 8.07%

Unique housed patients 65,525 64,411 -1.70

Homeless as % of total 1.60% 1.76% 10.00%
The Miriam Hospital

Total unique patients 47,334 51,604 9.02%

Unique homeless patients 279 401 43.72%

Unique housed patients 47,055 51,203 8.82%

Homeless as % of total 0.59% 0.78% 32.30%

RIH, in the year after MH’s closure.'” While these changes
may be due to overall increases in non-homeless patients
(2.69%), it more likely represents an increased burden from
a disproportionately greater number of homeless patients (a
11.86% increase).

The two remaining hospitals (TMH and RIH), while both
teaching hospitals of the same medical school and run by
the same parent organization, saw distinct changes after MH
closed. The Miriam Hospital, the closer hospital to the closed
MH, is in an affluent neighborhood. Our data indicates that
MH acted as a buffer of sorts for TMH. When MH closed,
TMH saw a 43.72% increase in the number of homeless
patients in the year after this buffer was lifted. The RIH also
saw an increase in the number of homeless patients. While the
percentage increase in homeless patients was less than TMH,
RIH saw a greater absolute number of homeless patients after
MH closed.

These two remaining hospitals were different to begin
with. The RIH, which is Rhode Island’s only Level I trauma
center, is located in a neighborhood with high poverty rates
and saw a large number of homeless patients even before MH
closed. By contrast, TMH saw comparatively fewer homeless
patients. Our findings suggest that when a hospital closes,

a smaller hospital that sees fewer homeless patients should
expect the greatest percentage of change, particularly if that
hospital is closer to the closing hospital. However, hospitals
that already treat higher numbers of homeless patients should
expect these numbers to increase. Additionally, smaller
hospitals without inpatient psychiatry or substance use
services should anticipate the greater need for these services,
more than larger hospitals where these services already exist.

As hospital closures across the country are increasing
in frequency, our data can serve as a case example for the
remaining local hospitals, demonstrating that they should
expect to see increased patient volume and ought to adjust
for the likely disproportionately increased numbers of
homeless patients.*” We found that overall this could mean
implementing increased social services at the remaining
hospitals, including housing first and substance use
services, which have been shown to decrease ED and EMS
utilization.?-?® Furthermore, coordination of services provided
at the city and state level should consider these findings, as
these hospital closures will likely have a downstream effect on
local healthcare and social service utilizations in general.

LIMITATIONS

Limitations of our study include the local nature of our
assessment, and the fact that the unique circumstances of
any state’s hospital system, political makeup, or particular
homeless population make it difficult to generalize.
Additionally, as the influence of EMS diversion on ED
volumes was not explored, it is unclear how EMS protocols
may have influenced the distribution of homeless patients to
local hospitals—especially as this population was shown to
use EMS services at greater rates.

We used a given address as a proxy for housing status in
our retrospective work. This likely led to an undercounting of
homeless patients, as they would not have been captured using
this methodology if they gave a former address or that of a
friend or family member. Additionally, we found a number of
patients had blank address fields. While the overall percentage
of these visits was small, we could not verify the housing
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status of visits based upon the retrospective design of our
study. Furthermore, homeless patients who listed the address
of family or a friend would be considered as not homeless in
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Introduction: Older adults who fall commonly require emergency services, but research on long-
term outcomes and prognostication is sparse. We evaluated older adults transported by ambulance
after a fall in the Northwestern United States (US) and longitudinally tracked subsequent healthcare
use, transitions to skilled nursing, hospice, mortality, and prognostication to one year.

Methods: This was a planned secondary analysis of a cohort study of community-dwelling older
adults enrolled from January 1-December 31, 2011, with follow-up through December 31, 2012.

We included all adults = 65 years transported by 44 emergency medical services agencies in seven
Northwest counties to 51 hospitals after a fall. We matched Medicare claims, state inpatient data,
state trauma registry data, and death records. Outcomes included mortality, healthcare use, and new
claims for skilled nursing and hospice to one year.

Results: There were 3,159 older adults, with 147 (4.7%) deaths within 30 days and 665 (21.1%)
deaths within one year. There was an initial spike in inpatient days, followed by increases in skilled
nursing and hospice. We identified four predictors of mortality: respiratory diagnosis; serious brain
injury; baseline disability; and Charlson Comorbidity Index = 2. Having any of these predictors was
96.6% sensitive (95% confidence interval [Cl]: 95.7, 97.5%) and 21.4% specific (95% CI: 19.9,
22.9%) for 30-day mortality, and 91.6% sensitive (95% CI: 89.5, 93.8%). and 23.8% specific (95%
Cl: 22.1, 25.5%) for one-year mortality.

Conclusion: Community-dwelling older adults requiring ambulance transport after a fall have
marked increases in healthcare use, institutionalized living, and mortality over the subsequent year.
Most deaths occur following the acute care period and can be identified with high sensitivity at the
time of the index visit, yet with low specificity. [West J Emerg Med. 2022;22(3)375-385.]

INTRODUCTION an emergency department (ED). Whether a fall requiring an
In the United States 25% of older adults fall each ambulance represents a marker of declining health (eg, due
year,'? a portion of whom require ambulance transport to to increasing comorbidity burden, cognitive impairment, or
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progressive physical limitations) or a sentinel event indicating
a more rapid downward trajectory (possibly from the fall
itself) remains unclear. There is a growing body of research
and guidelines on fall prevention,** yet prognostication and
the practical implications after a fall are not well understood.
Guidance on these topics using real-world data would be
useful to acute care physicians, primary care clinicians,
patients, and families.

Among older adults injured by a variety of mechanisms
and requiring ambulance transport, a fall mechanism was
independently associated with death within one year.’ Other
research has described the management and outcomes of
older adults incurring a hip fracture from a fall.* However,
the effect of a fall on subsequent healthcare use, long-term
mortality, and methods for risk-stratifying patients remain
poorly described. We hypothesized that a fall requiring
ambulance transport represents a sentinel event among older
adults, portending increased need for healthcare resources,
transitions in living environment, and high mortality. We also
hypothesized that information available at the time of the
index visit could be used to identify patients with high short-
and long-term mortality risk.

In this study we analyzed a cohort of community-dwelling
older adults requiring ambulance transport after a fall to
evaluate subsequent healthcare use (ambulance transports,
ED visits, inpatient days, skilled nursing days, and hospice),
mortality, and mortality prognostication using information
available during the index ED/hospital visit. We sought to
generate practical information to guide clinicians, patients,
and families about what to expect in the year after a fall
requiring ambulance transport.

METHODS
Study Design

This was a planned secondary analysis of a retrospective
cohort study® reviewed and approved by institutional review
boards in all study sites, with waiver of the requirement for
informed consent. We used the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) cohort
study guidelines.’

Study Setting

We conducted the study in seven counties in the
Northwestern US, including two major metropolitan areas
Portland, Oregon and Seattle, Washington and two rural
counties. Forty-four emergency medical services (EMS)
agencies serve these counties and transport to 51 acute care
hospitals. We included six additional hospitals after tracking
interhospital transfers from the initial receiving facility. The 57
hospitals have varying capabilities and services, and included
the following: three Level I trauma centers; seven Level 11
trauma centers; 10 Level III trauma hospitals; nine Level IV
hospitals; one Level V hospital; and 27 non-trauma hospitals. In
US trauma systems, Level I hospitals are equipped to care for

Population Health Research Capsule

What do we already know about this issue?
Although falls among older adults are
common and frequently require emergency
services, research on long-term outcomes and
prognostication is sparse.

What was the research question?

Among older adults who fall, what is
healthcare use and mortality to one year? Can
mortality be predicted during the index visit?

What was the major finding of the study?
There was a large increase in healthcare
services and death after a fall and mortality
can be predicted during the index visit.

How does this improve population health?
These findings provide practical information to
guide clinicians, patients, and families about
expectations in the year after a fall requiring
ambulance transport.

the most complex trauma patients. Level 11, III, and IV hospitals
each have sequentially fewer comprehensive resources and
capacity to care for trauma patients.

Patient Population

We included consecutive, community-dwelling adults
> 65 years with Medicare fee-for-service coverage with a
fall requiring ambulance transport to an acute care hospital
from January 1-December 31, 2011, with follow-up through
December 31, 2012. We required that patients had continuous
Medicare fee-for-service coverage for one year before and
after transport (or until death) to provide comprehensive
information about baseline function, comorbidities, frailty,
and healthcare utilization. Medicare patients without fee-for-
service coverage (ie, Medicare Advantage) function under
a different payment model that generates different claims
data, which are less useful for research. We included patients
regardless of the receiving hospital, their injury severity, or
admission status. We restricted the sample to community-
dwelling older adults to minimize the effect of patients
with different goals of care (eg, institutionalized patients).
We excluded patients with any of the following in the year
prior to ambulance transport: skilled nursing facility (SNF)
claim; hospice claim; or Provider Order for Life Sustaining
Treatment (POLST) form specifying “limited interventions”
or “comfort measures only” (Oregon only).
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Data Processing

We collected EMS data as part of a prospective, all-
age cohort study evaluating field trauma-triage processes
in the seven counties.® We then used probabilistic linkage®
(LinkSolv, v.9.0.0190, Strategic Matching, Inc., Morrisonville,
NY) to match the EMS data to state trauma registries (two),
state hospital discharge databases (two), state death certificate
data (two), and the Oregon electronic POLST registry. An
external contractor for the Centers for Medicare and Medicaid
Services deterministically matched the EMS data to Medicare
claims data for one year before and after the date of 9-1-1
contact. We have validated the electronic data processing
methods used in the study, including probabilistic linkage,
multiple imputation, and development of key variables.!”

Variables

We included the following variables: age; gender; field
trauma-triage status; initial prehospital physiologic measures
(Glasgow Coma Scale score, systolic blood pressure,
respiratory rate, and heart rate); prehospital procedures; mode
of transport (ground vs air); and initial receiving hospital.

We calculated baseline health measures using Medicare

claims and other record sources available for the year prior

to ambulance transport, including the following: Charlson
Comorbidity Index (CCI)"; individual comorbidities; modified
Frailty Index;'? and a claims-based measure of functional
disability."*!* The claims-based disability measure was derived
and validated in a Medicare population and represents the
probability (from 0 to 1) of serious disability, with a threshold
of 0.11 indicating limited self-care (confined to a bed or chair
more than 50% of waking hours), or completely disabled.'3!4
Finally, we quantified baseline healthcare use for the year
prior to transport (ambulance transports, ED visits, and
inpatient days).

We considered the initial ED visit associated with
ambulance transport after the fall to be the “index” visit,
whether or not a patient required admission. Variables from
the index visit included the following: Abbreviated Injury
Scale (AIS) score for different body regions;' Injury Severity
Score (ISS)!3'%; International Classification of Diseases, 9"
Rev, Clinical Modification (ICD-9-CM) diagnosis codes;
ICD-9-CM procedure codes, categorized using the Agency
for Healthcare Research and Quality Clinical Classification
System (CCS);!” and interhospital transfer. Because AIS
and ISS are not available in administrative data sources,
we used a mapping function, the ICDPIC module for Stata
vl11 (StataCorp, College Station, TX) to convert ICD-9-

CM diagnosis codes into injury severity measures,!” which
has been validated.'® We also mapped ICD-9-CM diagnosis
codes from the index visit to characterize common fracture
patterns among older adults, including the following: femoral
neck fractures; other femur fractures; pelvic fractures;

tibia and fibula fractures; humerus fractures; and radius or
ulna fractures. For hospital procedures, we combined CCS

categories into major non-orthopedic surgery (brain, spine,
neck, chest, and abdominal-pelvic operations), orthopedic
surgery, and blood transfusion.

Outcomes

The primary outcomes were mortality and healthcare
use from the date of ambulance transport to one year. We
measured the following types of healthcare use: inpatient
days; ambulance transports; ED visits; SNF days; and hospice
days. Among patients who died within one year, we evaluated
causes of death (including the primary cause and contributing
factors) using ICD-9-CM diagnosis codes from matched death
certificates and the location of death.

Data Analysis

We used descriptive statistics to characterize patients,
diagnoses, procedures, healthcare use, and mortality. The
percent missingness for variables ranged from 0— 28.4%,
with most variables having less than 4% missing values
and mortality with 0% missing (Supplemental eTable 1). To
handle missing values and minimize bias, we used multiple
imputation.'” We generated 10 multiple imputed datasets using
flexible chains regression models®' (IVEware v0.1, University
of Michigan, MI), and then combined the results using
Rubin’s rules to account for overall variance."

To derive a prognostication tool for short-term (30-day)
and long-term (one-year) mortality, we used classification
and regression tree (CART) analysis, v8.0?* (Salford Systems,
San Diego, CA). The CART analysis is a non-parametric
method of binary recursive partitioning? well suited for
the development of clinical decision rules that classifies
observations based on many possible predictor variables,
including the identification of higher level interactions.?

It also allows for data-driven selection of cut-points for
continuous variables, rather than reliance on pre-selected,
arbitrary values. We selected misclassification costs and Gini
splitting functions? to derive a decision rule with a sensitivity
>95%. The CART analysis uses the “cost-complexity”
method for pruning decision trees, which prunes terminal
nodes (lower branches) if the additional accuracy gained by
the branch is minimal in comparison to tree complexity.??
We selected parameters for tree complexity that facilitated
development of a practical and sensible decision tree that
would be feasible for clinical use.

To reduce the potential for overfitting the dataset and to
minimize bias, we used 10-fold cross-validation methods to
select the final decision tree.?** Cross validation is a process
that uses approximately 90% of the sample to derive the rule
and 10% of the sample for validation, and then replicates this
process until every patient has been used at least once to both
derive and validate the decision tool. The CART analysis
included 51 predictor variables with a goal of identifying
95% of patients dying within 30 days and (separately) within
one year. We included all available predictors with known

Volume 23, no. 3: May 2022

377

Western Journal of Emergency Medicine



Falls in Older Adults Requiring Emergency Services

Newgard et al.

or plausible a priori association with mortality that could
reasonably be known and available to clinicians and families
during the index visit: patient demographics; healthcare use
over the prior year; baseline function (disability status and
frailty); comorbidities (CClI, total comorbidity count, and 13
individual comorbidities); hospital procedures; and diagnoses
(14 categories). We analyzed each of the 10 multiple imputed
datasets independently and then combined the results into a
final decision tree.

As a complement to CART analysis, we also used
a multivariable logistic regression model with the same
variables to assess factors independently associated with
30-day and one-year mortality. We removed variables with
multicollinearity and calculated area under the receiver
operating characteristic (AUROC) curve to determine model
discrimination. We adjusted all measures of variance for
multiple imputation. We examined model diagnostics to assess
goodness of fit, influential values, and multicollinearity. We
used SAS v9.4 (SAS Institute, Cary, NC) for these analyses.

RESULTS

Of the 10,628 older adults transported by ambulance after
a fall, 4,025 had matched Medicare fee-for-service records
for one year before and after 9-1-1 contact, and 3,159 met
our criteria for community-dwelling older adults (Figure 1).
Comparison of patients who were included (N = 3,159) vs
excluded (N = 7,469) demonstrated similar demographics,
initial physiologic measures, selection of receiving hospitals,
and one-year mortality (Supplemental eTable 2).

Of the 3,159 patients in the primary sample, 147 (4.7%)
patients died within 30 days and 665 (21.1%) died within
one year. The sample was 70% female, with a median age

Adults > 65 years and requiring ambulance
transport after a fall in 7 Oregon &
Washington counties from January 1, 2011
through December 31, 2011

f N = 3,189 unable to match to national
== Medicare records

E N = 3414 without continuous Medicare

° _‘)E fee-for-service coverage the year before
1

Older adults with continuous Medicare

fee-for-service coverage
i N =866 non-community dwelling status
E prior to the fall (SNF, hospice, or existing
'“‘)E POLST specifying “limited care” or

E “comfort care”)

Community dwelling older adults with
continuous Medicare fee-for-service
coverage

Figure 1. Schematic of cohort creation.

of 84 years (interquartile range [IQR] 77-89), and 84% had
at least one comorbidity. Baseline disability was low, as was
use of healthcare services for the year prior to the fall event.
During the index visit, non-injury diagnoses were common.
There were 173 (5.5%) patients with overall serious injury
(ISS > 16). Serious extremity injury was the most common
type of injury (N = 593, 18.8%), and orthopedic surgery was
the most common hospital intervention (N = 571, 18.1%). We
characterize the sample in Table 1.

In Figure 2 we show daily use of healthcare resources
after ambulance transport and mortality to one year. There
was a sharp initial spike in inpatient days following transport,
reflecting the 1404 (44.4%) patients requiring admission during
the index visit. However, the number of patients remaining
inpatient declined quickly (median length of hospital stay
three days, IQR 0-7 days), concurrent with a rise in use of
skilled nursing facilities within two days of transport. Use of
skilled nursing peaked at 10 days and then slowly declined

Table 1. Characteristics of community-dwelling older adults
requiring ambulance transport after a fall (N = 3,159).

Demographics

Age in years — median (IQR) 84 (77-89)
65 - 74 years 591 (18.7%)
75 — 84 years 1,045 (33.1%)
85 - 94 years 1,323 (41.9%)
> 95 years 200 (6.3%)

Women 2,219 (70.3%)

Non-White race 189 (6.0%)

Pre-injury measures

Comorbidities
Charleston Comorbidity Index 3 (1-5)
— median (IQR)
Myocardial infarction 1,084 (34.3%)
Dementia 1,000 (31.7%)
Congestive heart failure 897 (28.4%)
Renal insufficiency 841 (26.6%)
Diabetes 830 (26.3%)
COPD 819 (25.9%)
Cerebrovascular disease 782 (24.8%)
Cancer 626 (19.8%)
Peripheral vascular disease 622 (19.7%)
Rheumatoid arthritis 172 (5.4%)
Ulcers 59 (1.9%)
Paralysis 49 (1.6%)
Liver disease 33 (1.0%)

Modified frailty index — median (IQR) 2 (1-4)

IQR, interquartile range; COPD, chronic obstructive pulmonary
disease.
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Table 1. Continued.

Table 1. Continued.

Disability scale — median (IQR) 0.03  (0.01-0.08)
Ambulance transports over prior 0 (0-1)
year — median (IQR)
ED visits over prior year — median 0 (0-1)
(IQR)
Inpatient days over prior year — 0 (0-0)
median (IQR)
Initial (prehospital) physiology
GCS<38 13 (0.4%)
GCS9-12 71 (2.2%)
GCS13-15 3,075 (97.4%)
SBP <100 mm Hg 144 (4.6%)
Type of initial receiving hospital
Level | 216 (6.8%)
Level Il 234 (7.4%)
Level IlI-V 1,326 (42.0%)
Non-trauma hospital 1,383 (43.8%)
Index ED/Hospital visit
Diagnosis categories®
Injury 3,033 (96.0%)
Cardiovascular 2,350 (74.4%)
Endocrine/metabolic 1,516 (48.0%)
Neurologic (non-dementia) 1,145 (36.3%)
Respiratory 930 (29.4%)
Psychiatric/behavioral 922 (29.2%)
Gastrointestinal 740 (23.4%)
Blood disorders/anemia 734 (23.2%)
Renal/genitourinary 698 (22.1%)
Infection 688 (21.8%)
Surgical/procedural 464 (14.7%)
complication
Dementia 327 (10.4%)
Cancer 237 (7.5%)
Injury patterns
Minor, ISS0 -8 1,828 (57.9%)
Moderate, ISS 9 — 15 1,158 (36.7%)
Serious, ISS 16 — 24 156 (4.9%)
Severe, ISS 225 17 (0.5%)
Serious head injury, AIS = 3 148 (4.7%)
Serious chest injury, AIS = 3 40 (1.3%)
Serious abdominal-pelvic 5 (0.2%)
injury, AIS =2 3
Serious extremity injury, AIS = 3 593 (18.8%)

IQR, interquartile range; SBP, systolic blood pressure; mm Hg,
millimeters of mercury; GCS, Glasgow Coma Scale score; ISS,
Injury Severity Score; AIS, Abbreviated Injury Scale score
aPatients could have multiple diagnoses; therefore, percentages
do not add to 100%.

Fracture patterns

Femoral neck 519 (16.4%)
Other femur 120 (3.8%)
Pelvis 142 (4.5%)
Tibia and/or fibula 104 (3.3%)
Humerus 181 (5.7%)
Radius and/or ulna 134 (4.3%)
Hospital interventions
Major non-orthopedic surgery 54 (1.7%)
Orthopedic surgery 571 (18.1%)
Blood transfusion 245 (7.8%)
Intubation/mechanical 47 (1.5%)
ventilation®
Interhospital transfer 277 (8.8%)
Qutcomes to one year
Mortality
7-day mortality 63 (2.0%)
30-day mortality 147 (4.7%)
90-day mortality 277 (8.8%)
365-day mortality 665 (21.1%)
Resource use
Post-index ambulance 0 (0-1)
transports® — median (IQR)
Post-index ED visits® — median 1 (0-2)
(IQR)
Inpatient days, including index 3 (0-7)
visit — median (IQR)
Post-index SNF days - median 0 (0-23)
(IQR)
Hospice claim 421 (13.3%)

IQR, interquartile range.

bIntubation/mechanical ventilation includes patients arriving
intubated to the emergency department (ED) (prehospital
intubation). Ambulance transports and ED visits do not include
the index event, as all patients in the cohort were transported by
ambulance to the ED following 9-1-1 contact.

to a relatively stable rate by 140 days. Use of hospice also
rose shortly after transport, plateauing at 140 days. Mortality
rose quickly in the first two weeks, and then followed a linear
upward slope over the subsequent year, without a plateau.

We illustrate the prognostication tool in Figure 3 and
accuracy measures in Table 2. We identified four predictors
of mortality available at the time of the index visit (in order):
a respiratory diagnosis; serious brain injury (head AIS > 3);
baseline disability; and CCI > 2. The prognostication tool (any
of the four predictors) had sensitivity of 96.6% (95% confidence
interval [CI]: 95.7, 97.5%) and specificity of 21.4% (95% CI:
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19.9, 22.9%) for identifying patients dying within 30 days of
ambulance transport (AUROC 0.69). For prediction of patients
dying within one year, the tool had sensitivity of 91.6% (95%
CI: 89.4, 93.8%) and specificity of 23.8% (95% CI: 22.1, 25.5%)

1100

600

500

number of patients

100

0 1 1 12 145 1 165 175

(AUROC 0.64). Crude and adjusted one-year mortality decreased
in each step of the prognostication tool, with some fluctuation in
30-day mortality (crude and adjusted) across the steps. Patients
not meeting the four criteria had 0.8% 30-day mortality (adjusted

e v e

185 195 205 215 225 235 245 255 265 275 285 295 305 315 325 335 345 355 365

Days after 911 contact

Ambulance transport === ED

e Death

Inpatient SNF === Hospice

Figure 2. Changes in healthcare use and mortality to one year among community-dwelling older adults requiring ambulance transport

after a fall (N = 3159).
ED, emergency department; SNF, skilled nursing facility.

*Initial ambulance transports and ED visits are not illustrated here, as every patient in the sample was transported to an ED by

ambulance on day zero.

> 65 years with a fall requiring
ambulance transport
N = 3,159

l

Respiratory diagnosis?

no

(N =930)

30-day unadjusted mortality: 8.9%

1-year unadjusted mortality: 31.0%

Adjusted 30-day mort: 5.3% (95% CI 3.0-9.4%)
Adjusted 1-year mort: 27.7% (95% Cl 24.1-31.5%)

(N = 70)

no

Charlson Comorbidity Index = 2? |L>

(N = 650)
30-day unadjusted mortality: 0.8%
1-year unadjusted mortality: 8.6%
Adjusted 30-day mort: 0.9% (95% Cl 0.6-1.6%)
Adjusted 1-year mort: 7.5% (95% Cl 6.7-8.5%)

Serious brain injury YES 30-day unadjusted mortality: 15.6%
eg, blood on head CT)? 1-year unadjusted mortality: 29.8%

(eg ) Adjusted 30-day mort: 8.9% (95% CI 5.1-14.9%)

no Adjusted 1-year mort: 26.5% (95% Cl 22.6-30.9%)
Baseline functional disability (N=424) _
(limited self-care, bed/chair more . YES 30-day unadjusted mortality: 3.2%
o/ +: ’ I 1-year unadjusted mortality: 25.2%
than 50% time while awake)? MODERATE \ Adjusted 30-day mort: 1.9% (95% CI 1.1-3.3%)

Adjusted 1-year mort: 21.3% (95% CI 19.2-23.5%)

(N = 1,085)

30-day unadjusted mortality: 3.2%

1-year unadjusted mortality: 17.9%

Adjusted 30-day mort: 2.0% (95% Cl 1.3-3.2%)
Adjusted 1-year mort: 15.3% (95% CI 13.8-17.0%)

MODERATE

Figure 3. Prognostication tool predicting 30-day and one-year mortality using information from the index visit among community-dwell-

ing older adults requiring ambulance transport after a fall.

CT, computed tomography; C/, confidence interval; mort, mortality.
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30-day mortality 0.9%) and 8.6% one-year mortality (adjusted
one-year mortality 7.5%). Among the 705 patients with a
respiratory diagnosis from the index visit, there were 201 unique
combinations of 1306 respiratory diagnoses. Chronic obstructive
pulmonary disease was the most common (147 of 705 patients,
20.9%; 279 of 1306 respiratory diagnoses, 21.4%) (eTable 3).

Results from multivariable models for 30-day and one-
year mortality are shown in Table 3. Respiratory diagnosis,
head injury, age, and mechanical ventilation were all
independent predictors of 30-day and one-year mortality.
Additional predictors of mortality at both time points included
cancer diagnosis, dementia diagnosis, and hip fracture,
while orthopedic surgery and female gender had protective
effects at both time points. Model discrimination was good
for 30-day mortality (AUROC 0.83) and fair for one-year
mortality (AUROC 0.75), with model diagnostics indicating
a good model fit. We analyzed additional models using four
common respiratory diagnosis subcategories (acute respiratory
failure, pulmonary infections, chronic respiratory conditions,
and other), which showed that acute respiratory failure was
associated with 30-day mortality (but not one-year mortality),
while the three other respiratory categories were associated with
one-year mortality (but not 30-day mortality).

Among the 665 patients who died within one year,
629 (95%) had death certificate information available.
Cardiovascular causes were the most common cause of death
at 30 days and overall (55% of deaths within 30 days and 53%
of deaths overall) (Figure 4). Most other causes were similar
at both time points, except for injury causes. Among patients
dying within 30 days, 35% had an injury cause, yet injury was
an uncommon cause of death overall (14%). The location of
death was as follows: 40% skilled nursing or other long-term
care facility; 23% ED/inpatient; 15% home; 12% residential
care (including assisted living and adult foster care); 9%
hospice; and 1% other.

DISCUSSION

In this study we demonstrate marked changes in healthcare
use, institutionalized living, and mortality among community-
dwelling older adults requiring ambulance transport after a fall.
The findings suggest that a fall requiring emergency services
is a life-changing event for older adults, rather than simply

a marker of steady decline. We also demonstrate that 30-day
and one-year mortality for these patients can be predicted with
high sensitivity using information available during the index
visit. Prognostication after a fall event may have an important
role in decision-making among clinicians, patients, and
families. The four-variable decision tool had high sensitivity
with relatively low specificity, which influences how this
information might be used in practice. Because most patients
who died had one of the four predictors, patients lacking these
factors were much more likely to be alive at 30 days and one
year after the event. However, based on the low specificity of
the tool, having one of the four predictors did not necessarily
put a patient at high risk of death; so this rule should not be
used to guide decision-making about limiting or withdrawing
care. Furthermore, the decision tool requires prospective
validation before consideration for clinical use.

There were substantial and measurable increases
in healthcare use, institutionalized care, hospice, and
mortality after a fall requiring ambulance transport. While
approximately one quarter of older adults fall each year,'*
only a portion of these patients seek medical care.?® Because
all patients in our cohort required ambulance transport, the
sample represented a higher acuity population yet a familiar
one to most clinicians and families in the US. Compared to
baseline healthcare use and independent living, this event
signaled a marked change for many patients. The findings
show that in addition to the fall itself, concurrent respiratory
conditions, head injury, baseline disability, and comorbidity
burden are major factors changing the life trajectory of these
patients. These results support ongoing efforts to prevent falls
among older adults and provide insight about what to expect
in the year after a fall. The prominent use of skilled nursing
facilities for post-acute care in our sample was similar to
research showing an increase in post-discharge use of these
facilities and reduction in length of hospital stays among
Medicare beneficiaries over time.?’

Mortality rose quickly after transport and then followed
a steady upward linear slope to one year. While the mortality
curve was steepest in the first two weeks, most deaths occurred
after the acute phase of care. Mortality did not plateau at any
point in the subsequent year. The findings demonstrate the
importance of risk-prediction beyond hospitalization. While

Table 2. Prediction accuracy for short- and long-term mortality among older adults who fell and required ambulance transport (N = 3,159).

30-day mortality

One-year mortality

96.6% (95% Cl: 95.7, 97.5%) 91.6% (95% Cl: 89.4, 93.8%)
21.4% (95% Cl: 19.9, 22.9%) 23.8% (95% Cl: 22.1, 25.5%)
5.7% (95% CI: 1.9, 9.4%) 24.3% (95% Cl: 21.0, 27.6%)
99.2% (95% Cl: 99.1, 99.3%) 91.5% (95% Cl: 90.3, 92.6%)
1.23 (95% Cl: 1.18, 1.27) 1.20 (95% Cl: 1.16, 1.24)
0.16 (95% Cl: 0.02, 0.30) 0.35 (95% C:10.26, 0.44)
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Table 3. Multivariable model for 30-day and one-year mortality among community-dwelling older adults transported by ambulance after

a fall (N = 3,159).

Variable

Odds ratio of 30-day
mortality (95% CI)

P-value

Odd ratio of one-year
mortality (95% CI)

P-value

Pre-index EMS use over past 1 year
Pre-index ED visits over past 1 year
Pre-index inpatient days over past 1 year
Age

Female

Total comorbidity count

Baseline disability score

Modified frailty index

Head injury severity (head AIS)

Chest injury severity (chest AlS)
Extremity injury severity (extremity AIS)
Fracture — pelvis

Fracture — hip

Fracture — femur (non-hip)

Fracture — tibia

Fracture — humerus

Fracture — radius

Orthopedic surgery during index event
Non-orthopedic surgery during index event
Need for intubation/mechanical ventilation
Blood transfusion during index event
Inter-hospital transfer

Index event — blood/anemia diagnosis
Index event — cancer diagnosis

Index event — cardiovascular

Index event — dementia diagnosis

Index event — endocrine

Index event — gastrointestinal

Index event — infection diagnosis

Index event — injury diagnosis

Index event — neurologic diagnosis (non-dementia)

Index event — other

Index event — psychiatric/behavioral diagnosis

Index event — renal diagnosis
Index event — respiratory diagnosis

Index event — surgical complication diagnosis

c-statistic

0.80 (0.60-1.07)
1.06 (0.89-1.25)
1.00 (0.96-1.04)
1.06 (1.03-1.08)
0.54 (0.36-0.79)
1.08 (0.91-1.29)
1.92 (0.63-5.89)
0.97 (0.80-1.17)
4.07 (2.35-7.06)
0.60 (0.14-2.54)
1.83 (0.59-5.63)
0.69 (0.29-1.61)
4.44 (1.4-14.02)
1.70 (0.72-4.01)
1.36 (0.31-5.97)
2.79 (1.43-5.46)
1.35 (0.52-3.52)
0.14 (0.06-0.31)
3.44 (1.44-8.20)
7.68 (3.52-16.74)
0.68 (0.32-1.44)
1.09 (0.60-1.99)
0.96 (0.60-1.52)
1.87 (1.08-3.22)
0.93 (0.52-1.65)
1.92 (1.19-3.10)
0.98 (0.64-1.50)
1.14 (0.75-1.74)
1.62 (1.07-2.44)
0.67 (0.27-1.65)
1.20 (0.79-1.81)
1.25 (0.62-2.53)
0.94 (0.62-1.42)
1.21(0.79-1.84)
2.24 (1.47-3.41)
0.69 (0.37-1.30)
0.824

0.13
0.53
0.89
<0.01
<0.01
0.35
0.25
0.75
<0.01
0.49
0.29
0.39
0.01
0.23
0.69
<0.01
0.54
<0.01
0.01
<0.01
0.31
0.78
0.85
0.03
0.79
0.01
0.94
0.53
0.02
0.38
0.40
0.54
0.77
0.38
<0.01
0.26

0.97 (0.88-1.08)
1.02 (0.94-1.10)
1.03 (1.01-1.05)
1.06 (1.05-1.07)
0.49 (0.40-0.60)
1.11 (1.01-1.21)
2.47 (1.43-4.27)
1.02 (0.93-1.12)
1.69 (1.13-2.53)
0.97 (0.44-2.14)
1.32 (0.62-2.83)
0.69 (0.43-1.12)
2.29 (1.04-5.04)
0.89 (0.51-1.54)
0.82 (0.39-1.72)
0.94 (0.60-1.48)
0.94 (0.55-1.61)
0.33 (0.19-0.56)
1.44 (0.70-2.97)
2.28 (1.17-4.45)
1.31(0.89-1.93)
1.09 (0.76-1.56)
1.07 (0.82-1.39)
1.87 (1.35-2.59)
0.76 (0.58-0.98)
1.64 (1.24-2.17)
1.08 (0.87-1.35)
0.78 (0.61-1.00)
1.21 (0.96-1.54)
0.80 (0.48-1.33)
1.15 (0.93-1.41)
1.23 (0.90-1.68)
1.19 (0.95-1.48)
1.19 (0.93-1.52)
1.87 (1.50-2.34)
0.64 (0.45-0.90)
0.754

0.61
0.65
0.01
<0.01
<0.01
0.02
<0.01
0.69
0.01
0.93
0.47
0.14
0.04
0.67
0.59
0.81
0.82
<0.01
0.33
0.02
0.18
0.63
0.62
<0.01
0.03
<0.01
0.48
0.05
0.11
0.38
0.20
0.19
0.13
0.16
<0.01
0.01

ClI, confidence interval; EMS, emergency medical services; ED, emergency department; A/S, Abbreviated Injury Scale.
Variables excluded from the model due to collinearity included: individual comorbidities, Charlson Comorbidity Index, and abdominal-

pelvis Abbreviated Injury Scale score.

injuries are often the clinical focus among older adults who and hip fracture® are important causes of death among older
fall, our results demonstrate the importance of non-injury adults who fall, which is supported by our findings. However,
conditions. Previous research has shown that brain injury® we also demonstrate the importance of respiratory conditions,
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Figure 4. Causes of death at 30 days and one year among older adults who died after a fall (N = 629 patients with death

certificate information).

*Due to potential variability in the completion of death certificates,

we considered all causes (primary and contributing causes)

for these categories. Therefore, the categories are not mutually exclusive and do not add to 100%, but are comprehensive in

detailing factors contributing to death.

baseline disability, and comorbidity burden. Among respiratory
conditions identified during the index visit, adjusted mortality
differed by the type of respiratory condition and when mortality
was measured. Acute respiratory failure was predictive of short-
term but not long-term mortality. Other respiratory conditions
(acute respiratory infections, chronic pulmonary conditions, and
other) had the opposite pattern, predicting long-term but not
short-term mortality.

Methods to quantify fall-risk among older adults have
been established,>* but we are not aware of prediction tools to
quantify short- and long-term mortality after a fall. Multiple
instruments have been developed to predict short-term mortality
among older adults requiring hospital admission,” but are
not specific to older adults who fall or to the ED population.

A previous study combined 18 predictor instruments into

a composite prognostication tool for admitted older adults
(Criteria for Screening and Triaging to Appropriate Alternative
care, CriSTAL),” which was subsequently validated in other
countries.**3! During the validation process for CriSTAL, the
variables most predictive of short-term mortality included
frailty, older age, male gender, advanced malignancy, nursing
home residence, and low oxygen saturation.’*3!

Our prognostication tool differed in that it focused on
community-dwelling older adults who fell and required
ambulance transport (whether or not the patient was
admitted), had higher sensitivity and lower specificity for
predicting mortality compared to CriSTAL, and included

certain measures not identified for CriSTAL (serious brain
injury and comorbidity burden). Similarities between our tool
and CriSTAL included respiratory function and functional
status. Other prediction tools for older adults have identified
comorbidity burden, frailty, age, and cancer as important
factors,” which were similar in our multivariable model.
While prognostication tools will differ in their ability to
predict outcomes across different populations and different
types of patients, focus on a specific type of patient (eg, older
adults who fall) may improve accuracy, utility, and targeted
decision-making. The high prevalence of falls among older
adults in the US and the need for guidance in helping families
and clinicians make early decisions suggest that tools are
needed to quantify what to expect in the subsequent year and
could be a useful complement to fall prevention efforts.

LIMITATIONS

There were limitations in our study. The cohort was enrolled
10 years ago. While the cohort was unique in its development and
capture of long-term outcomes, it is possible that patients and/
or clinical care have changed during the interim period. Using
publicly available, national non-fatal and fatal injury data from
2011 (study year) through 2018 (most recent available data)
for older adults suggests that the population-based rate of non-
fatal ED visits for falls among patients > 65 years in the US did
not substantially change,* but that age-adjusted mortality rates
have increased.>** While there have been national programs
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implemented during this time to prevent falls (eg, the Stopping
Elderly Accidents, Deaths & Injuries program*), we are unaware
of widespread changes in the clinical care of older adults after a
fall. We limited the sample to patients with matched Medicare
fee-for-service records, which was necessary to evaluate baseline
healthcare use, comorbidities, frailty, and functional status.
However, restricting the sample in this way eliminated the
population-based sampling used for the original cohort and may
have introduced selection bias.

Comparison of patients included vs excluded from the
sample demonstrated similar demographics, initial physiology,
ambulance transport patterns, and one-year mortality. In addition,
we used the mechanism of injury recorded by EMS at the
time of the event, but the fall mechanism was not separated by
ground-level, fall from height (eg, a ladder), or fall down stairs,
and did not detail the type of landing surface. The sample was
drawn largely from two metropolitan areas in the Northwestern
US. It is possible that older adults in other regions or countries
with differing demographics, baseline disability, or comorbidity
burden may have different trajectories and prognostication after
a fall. Finally, other analytic approaches (eg, machine learning)
may be able to derive a tool with higher predictive performance
and prospective validation of our prognosti-cation tool will be
important before these results are considered for clinical care.

CONCLUSION

Our results show that a fall requiring ambulance transport
represents a major shift in the lives of many older adults, with
increased use of healthcare services, need for institutionalized
living, hospice, and high mortality in the following year. We also
demonstrate that patients dying within 30 days and one year can
be identified with high sensitivity using information available
during the index visit, but with low specificity, which affects how
such information might be used in practice.

An abstract of the findings of this research was

published for the Society for Academic Emergency Medicine
Annual Meeting (May 2020).
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Introduction: Like buprenorphine, methadone is a life-saving medication that can be initiated in the
emergency department (ED) to treat patients with an opioid use disorder (OUD). The purpose of this
study was to better understand the attitudes of emergency physicians (EP) on offering methadone
compared to buprenorphine to patients with OUD in the ED.

Methods: We distributed a perception survey to emergency physicians through a national
professional network.

Results: In this study, the response rate was 18.4% (N = 141), with nearly 70% of the EPs
having ordered either buprenorphine or methadone. 75% of EPs strongly or somewhat agreed
that buprenorphine was an appropriate treatment for opioid withdrawal and craving, while only
28% agreed that methadone was an appropriate treatment. The perceived barriers to using
buprenorphine and methadone in the ED were similar.

Conclusion: It is essential to create interventions for EPs to overcome stigma and barriers to
methadone initiation in the ED for patients with opioid use disorder. Doing so will offer additional
opportunities and pathways for initiation of multiple effective medications for OUD in the ED.
Subsequent outpatient treatment linkage may lead to improved treatment retention and decreased
morbidity and mortality from ongoing use. [West J Emerg Med. 2022;22(3)386—395.]

INTRODUCTION loss is devastating in light of available Food and Drug
The opioid epidemic in the United States (US) continues Administration-approved, evidence-based medications for
to be a major public health crisis, claiming lives at an alarming  opioid use disorder (MOUD), including buprenorphine and

rate. In 2019 there were more than 70,000 drug overdose methadone. However, over 70% of patients with opioid use
deaths in the US. Of these fatalities, nearly 70% involved disorder (OUD) are not receiving these treatments.*

opioids.' In 2020 overall drug overdose mortality increased The emergency department (ED) remains the safety net

by nearly 30% from 2019.? In addition to the substantial and point of entry into the healthcare system for many patients
human toll of the opioid epidemic, the associated healthcare, struggling with substance use disorders (SUD). Visits to the ED
criminal justice, and other societal costs were estimated to for opioid overdoses continue to increase. Between 1999-2012,
be almost $820 billion in 2019.3 The economic and human opioid-related encounters in US EDs increased by 170%.°
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Mortality rates after ED visits for nonfatal opioid overdoses are
high; greater than 5% of patients die within one year, with the
highest risk period being the first month post-overdose.® As the
ED is often the only point of entry into the healthcare system
for patients with OUD, there is a tremendous opportunity to
reduce treatment gaps through ED-based MOUD initiation and
early referral to long-term treatment. ’

Buprenorphine and methadone are both evidence-based
treatments for OUD that effectively treat opioid withdrawal
symptoms, decrease illicit opioid use, and reduce opioid
overdose-related mortality.*!' Buprenorphine, a partial p-opioid
agonist with high receptor affinity, is the most common form of
MOUD used to initiate treatment in the ED. !> Buprenorphine
initiation in the ED and referral to outpatient treatment has
been shown to be safe and effective, with increased addiction-
treatment engagement at 30 days after discharge compared to
brief intervention with referral or referral-only interventions.'?
Although adoption of this practice has been slow, recently
published surveys found substantial support for ED-initiated
buprenorphine among emergency physicians (EP).'*!¢ Likewise,
the American College of Emergency Physicians (ACEP) and
the American Academy of Emergency Medicine published
position statements recommending that EPs initiate patients on
buprenorphine in the ED and offer linkage to outpatient follow-
up treatment.'>!”

Methadone, a full p-opioid agonist, is the most studied
MOUD and has been used for over 50 years to treat OUD.!#
The number of facilities offering buprenorphine increased by
an average of 9% annually between 2009-2018, while the
number of facilities that offered methadone only increased
by an average of 2% per year.'” Although methadone
is associated with higher treatment retention rates than
buprenorphine, methadone carries a considerable social
stigma among clinicians because patients treated with
methadone are perceived to be more medically complex and
therefore difficult to treat.!?° In addition to stigma, access to
methadone is more difficult because it must be obtained daily
and in person at an opioid treatment program (OTP), while
buprenorphine can be prescribed in an office-based setting by
an X-waivered physician.'

Whereas ED-based buprenorphine initiation with long-
term treatment linkage has been previously described, data
is lacking on methadone initiation in the ED." To date,
there is only one study evaluating low-dose intramuscular
administration of methadone to treat opioid withdrawal
syndrome in the ED.?! While buprenorphine is more
commonly initiated in the ED, methadone is a life-saving
alternative treatment option that may be preferred by
patients who have not been successful with buprenorphine
in managing their OUD. ?*> Creating more opportunities and
pathways for initiation of multiple effective forms of MOUD
in the ED and subsequent outpatient treatment linkage may
lead to improved treatment retention, as well as decreased
morbidity and mortality associated with ongoing opioid

Population Health Research Capsule

What do we already know about this issue?
Buprenorphine and methadone are effective
medications to treat opioid use disorder (OUD),
but only buprenorphine has been studied in the
Emergency Department (ED).

What was the research question?
Do emergency physicians (EP) prefer to treat OUD
in the ED with buprenorphine over methadone?

What was the major finding of the study?
Seventy-five percent of EP's agreed that
buprenorphine was an appropriate treatment for
OUD, while only 28% agreed that methadone
was an appropriate treatment.

How does this improve population health?
Using this data, interventions could be created
to increase methadone initiation in the ED, thus
creating more treatment pathways for people
with OUD.

use. Thus, it is vital to get EPs’ perspectives on ED-based
methadone initiation for patients with OUD.

The purpose of this study was to better understand
the attitudes of EPs on offering methadone compared to
buprenorphine to patients with OUD in the ED. We tested
the hypothesis that EP survey respondents would express
preferences for buprenorphine over methadone.

METHODS
Overview

We conducted a cross-sectional survey of EPs to quantify
their opinions, using a five-point Likert scale, regarding the
prescribing of buprenorphine and the dosing of methadone
in the ED. We did this by creating a survey based on similar
work that measured EPs’ willingness to initiate buprenorphine
in the ED."* We sent our survey via email to all members of
the ACEP Emergency Medicine Practice Research Network
(EMPRN), which during the past several years has had
approximately 700 to 1200 members. Our institutional review
board approved this study and waived informed consent.

Subjects

Members of ACEP EMPRN are board-certified EPs
who represent a cross-section of EPs in the US. Members of
EMPRN are asked to participate in surveys distributed via
email several times per year.
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Data Collection

The survey was initially emailed to ACEP EMPRN
members in early March 2021. Reminder emails to complete
the survey were subsequently sent in late March and April 2021.
Participation in surveys was voluntary and respondents were not
required to answer all questions. Data was collected and stored
in the secure ACEP member communication and management
platform. To avoid social desirability bias, all participants were
given a unique participant ID, and survey results were de-
identified prior to being returned to the investigators.

Survey

Our survey instrument was based on a previously
published survey describing physician attitudes on
buprenorphine induction in the ED.'* We adapted questions
specifically focusing on MOUD and excluded any questions
about non-opioid treatment of withdrawal symptoms or
emergency naloxone prescribing at discharge. We also added
a question about referring patients to outpatient clinics that
provide MOUD as it applied to the role of the emergency
clinician in addressing opioid use. Additionally, the original
survey did not include questions on methadone initiation
in the ED, and so these were added to the instrument. We
collected basic demographics, including primary practice
location (urban, rural, or suburban), primary practice region
(Northeast, South, Midwest, West), type of healthcare system
(community, academic, or federal government hospital), and
years out of training. Additionally, we asked whether the
physician had obtained their X-waiver, whether they had ever
ordered buprenorphine or methadone while working in the
ED, and whether their department offered a “warm handoff”
or a bridge program to outpatient treatment at discharge for
ongoing methadone or buprenorphine treatment.

To compare EPs’ attitudes between buprenorphine and
methadone, we asked the same perception questions about
both forms of MOUD on a five-point Likert scale. Then we
asked respondents to rank perceived barriers to prescribing
buprenorphine or dosing methadone in the ED. To prevent
participants from completing the survey multiple times, each
member of EMPRN and their email addresses were assigned a
unique participant ID. If there were multiple entries under the
same ID, this was reflected in the data received from EMPRN.
Additionally, before every reminder email, the mailing list was
edited to reflect who had already responded, and the reminder
email was only sent to members who had not responded.

The survey instrument is provided in the “Supplementary
Materials” section under Appendix.

Data Analysis

We used descriptive analysis to summarize response
frequency and percentage as well as compare responses
between buprenorphine and methadone. Using chi-square
tests, we evaluated responses to questions about whether
the physician had ever ordered buprenorphine or methadone

while working in the ED, had obtained X-waiver training, and
whether their department offered a “warm handoft” or a bridge
program to outpatient treatment at discharge based on primary
practice location. The frequency of the ranked barriers to
prescribing buprenorphine or dosing methadone in the ED was
descriptively compared. Lastly, we grouped participants based
on the presence of a warm handoff or bridge program and
measured the likelihood of prescribing either MOUD as well
as the highest perceived barriers to prescribing buprenorphine
and dosing methadone using chi-square testing.

The response rate was calculated using the number
of unique emails in the EMPRN database and the number
of physicians who either partially or completely finished
the survey. Respondents were not required to answer each
question to participate in this study. Therefore, we are
reporting the number of survey responses generated for each
question. Since this is a descriptive study, a sample size was
not needed to determine statistical significance.

RESULTS

A total of 141 EPs either completed all or some of the
survey, with a response rate of 18.4% (141/765). The majority
of participants were male (80.9%), White (82.5%), and had
a mean age of about 53 years (Table 1). Thirty-four percent
of respondents were located in the southern US. The largest
group of participants reported their primary practice location
as urban (44.3%), and the majority were practicing within a
community setting (63.8%).

The majority of EPs reported ordering either
buprenorphine, methadone, or both buprenorphine and
methadone (69.5%) while working in the ED (Table 1).
Further, about 38% of respondents reported having obtained
their X-waiver to prescribe buprenorphine. The majority
of participants (57.4%) reported that their department
did not offer a “warm handoff” or a bridge program to
outpatient treatment at discharge for ongoing methadone or
buprenorphine treatment.

Overall, participants had more favorable opinions of
using buprenorphine to treat OUD in the ED than methadone.
The majority of participants (75%) strongly or somewhat
agreed that emergency clinicians should offer buprenorphine
to help control the symptoms of opioid withdrawal and
craving (Figure 1). In contrast, only about 28% of respondents
strongly or somewhat agreed that EPs should offer methadone.
This pattern continued, as 95% of participants strongly or
somewhat agreed that they would refer patients with OUD
to a clinic that provides buprenorphine, but only 63.6%
strongly or somewhat agreed that they would refer patients to
a methadone clinic. While nearly 88% of respondents stated
that they strongly or somewhat agreed with the statement “If
my ED had a structured program, I would be comfortable
starting buprenorphine for patients who are continuing it after
discharge for the purpose of entering treatment,” only about
45% of respondents strongly or somewhat agreed when asked
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Table 1. Sociodemographic characteristics of emergency physicians
with experience prescribing medications for opioid use disorder.

Variables N

Gender (N/%) 141

Male 114 (80.9)

Female 27 (19.1)
Race (N/%) 137

White 113 (82.5)

Black 1(0.7)

Hispanic 1(0.7)

Asian 5(3.6)

Other races 17 (12.4)
Primary practice location (N/%) 140

Rural 25 (17.9)

Suburban 53 (37.9)

Urban 62 (44.3)
Type of health system (N/%) 141

Academic 45 (31.9)

Community 90 (63.8)

Federal 6 (4.3)
Years of experience (mean/SD) 114 20.4(10.4)
Ever ordered MOUD in the ED (N/%) 141

Buprenorphine 2 (15.6)

Methadone 0(14.2)

Both 56 (39.7)

Neither* 43 (30.5)
Completed X-waiver (N/%) 140

Yes 53 (37.9)
Department has bridge program to 141
MOUD outpatient treatment (N/%)

Yes, for buprenorphine 46 (32.6)

Yes, for methadone 1(0.7)

Yes, for both methadone and 13(9.2)

buprenorphine

No 81 (57.4)
Location (N/%) 141

Northeast 7 (19.1)

South 48 (34.0)

Midwest 34 (24.1)

West 32 (22.7)
Age (mean/SD) 141 53.4 (10.6)

*Neither was not an option on the survey. If participants didn’t
answer this question, it was assumed they had never ordered
buprenorphine or methadone in the ED.

ED, emergency department, MOUD, medication for opioid use
disorder, SD, standard deviation.

the same question about methadone. When asked whether they

were concerned about patients returning to the ED for refills of

buprenorphine or methadone, 34% and 46.1% strongly agreed,
respectively (Figure 1). Lastly, 41% of physicians strongly or
somewhat agreed with the statement, “Initiating patients on
methadone is not within the scope of an [EP’s] practice.”

There was a statistically significant difference between
primary practice location and whether EPs had ever ordered
either MOUD (P<0.05). There was not a statistically
significant difference between primary practice location and
whether the physician’s ED offered a “warm handoff” or
bridge program to outpatient buprenorphine or methadone
treatment at discharge (P = 0.15), or whether the physician had
completed X-waiver training (P = 0.08) (Table 2).

Emergency physicians reported similar barriers to treating
patients in the ED with either buprenorphine or methadone.
The two most frequently reported barriers to treating patients
with either MOUD were “I don’t have access to providers
for follow-up in my area,” and “I don’t have social work
resources for screening and follow-up” (Figure 2). Also of
note, the responses, “There’s no financial incentive for my
department” and “There is no reimbursement for me” were
both infrequently reported as barriers to treating with either
buprenorphine or methadone.

Next, we grouped participants on whether they had a
bridge for either MOUD and measured the highest perceived
barriers to prescribing buprenorphine and dosing methadone.
One physician reported having a bridge program set up
for only methadone dosing. We found that lack of social
work resources for screening was a statistically significant
barrier for physicians who did not have a bridge for either
MOUD (Table 3). For physicians who lacked a bridge,
another significant barrier to prescribing buprenorphine was
not having buprenorphine in their ED. Physicians with no
bridge program reported that their highest perceived barrier
to dosing methadone in the ED was lack of training and not
having access to OUD experts for follow-up in their area. We
also found that having a bridge present in the physician’s ED
facilitated the prescribing of MOUD (Table 3).

DISCUSSION

This study compared EPs’ perceptions of using
buprenorphine and methadone in the ED and barriers to the
use of these medications to treat OUD in the ED. Overall,
this study suggests that EPs prefer to use buprenorphine
over methadone. Further, although EPs had a more favorable
view of using buprenorphine in the ED than methadone, the
most significant barriers to using these medications were
similar. In this study, 75% of EPs strongly or somewhat
agreed that buprenorphine was an appropriate treatment for
opioid withdrawal and craving, while only 28% agreed that
methadone was an appropriate treatment. When considering
ED referrals, 95% of EPs strongly or somewhat agreed that
they would be willing to refer patients to a clinic offering
buprenorphine. Only 64% strongly or somewhat agreed that
they would refer to a methadone clinic. Even when presented
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EM providers should offer ___ to help control the symptoms of
opioid withdrawal and craving.

Methadone

Buprenorphine

EM providers should refer patients they identify as having an OUD to
a clinic that provides

Methadone

Buprenorphine

If my ED had a structured program, I would be comfortable starting
for patients who are continuing it after discharge for the purpose
of entering treatment.

Methadone

Buprenorphine

I'm concerned about patients returning to the ED for refills of .

Methadone

Buprenorphine

Initiating patients on ____is not within the scope of an ED physician’s

practice.
Methadone
Buprenorphine
0%
Strongly Agree Somewhat Agree  m Neutral

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

= Somewhat Disagree ~ m Strongly Disagree

Figure 1. Perceptions questions on buprenorphine and methadone.

with a structured program for follow-up, only 45% of EPs
somewhat or strongly agreed that they felt comfortable
initiating methadone in the ED compared to 88% for
buprenorphine. Additionally, 41% of physicians did not feel
that initiating methadone fell within their scope of practice.
When we grouped our sample by whether a physician
had a bridge or not, the highest barrier to prescribing
buprenorphine or dosing methadone was a lack of social
work resources for screening. Additionally, we found that
having a bridge in place helped facilitate the use of MOUD.
Both findings are consistent with the literature that states
when an ED’s MOUD program includes a follow-up protocol

(which could include social workers), physicians feel more
comfortable using MOUD to treat OUD in the ED.?
Buprenorphine initiation in the ED increases engagement
in treatment, decreases illicit opioid use, and has shown to
reduce healthcare-related costs due to SUDs.?* Long-term
outcomes for patients receiving either buprenorphine or
methadone include reductions in mortality, opioid use, and
opioid-related, acute care utilization.”!** The expansive
literature supporting methadone treatment suggests that it may
lead to similar, if not better, outcomes than buprenorphine
for patients struggling with OUD."** In contrast to
buprenorphine, methadone offers the significant advantage
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Table 2. Experiences with prescribing medications for opioid use disorder vs primary practice location.

MOUD experiences N Rural N Suburban N Urban P-value

Ordered MOUD in ED 25 53 62

Buprenorphine 3(12.0) 13 (24.5) 6 (9.7)

Methadone 2(8.0) 11 (20.8) 7 (11.3) 0.002

Both 5(20.0) 18(34.0) 32 (51.6)

Neither* 15 (60.0) 11 (20.8) 17 (27.4)
Completed X-waiver 25 53 61**

Yes 5(20.0) 20 (37.7) 28 (46.0) 0.080
Department has warm handoff or bridge 25 53 62
program to MOUD outpatient treatment

Yes, for buprenorphine 4 (16.0) 17 (32.1) 24 (38.7)

Yes, for methadone 0(0.0) 0 (0) 1(1.6) 0.152

Yes, for both 1(4.0) 4 (7.5) 8(12.9)

No 20 (80.0) 32 (60.4) 29 (46.8)

*’Neither” was not an option on the survey.
**All questions were not required to be answered to participate in this study.
MOUD, medication for opioid use disorder, ED, emergency department.

I don't have access to providers for follow up in my area.

I don't have buprenorphine/methadone in my ED.

Idon't have training.

It takes too much of my time.

There's no financial incentive for my department.

Barrier to prescribing MOUDs

I don’t want to assume medicolegal risk.

= Buprenorphine

I don't have social work resources for screening and follow up. A

There is no reimbursement for me.

Methadone

Frequency

Figure 2. Highest perceived barrier by frequency for prescribing methadone or buprenorphine.
MOUD, medication for opioid use disorder; ED, emergency department.

that the patient does not need to experience withdrawal prior buprenorphine than methadone, but a single, low dose of

to initiation of treatment.?**” Drawbacks to ED methadone methadone 20-40 milligrams is often sufficient to treat opioid
initiation include its complex pharmacology and adverse effect withdrawal symptoms with few risks.'>!8

profile. Rapid initiation can lead to central nervous system Although methadone has been the mainstay of OUD
depression and respiratory compromise, multiple drug-drug treatment since the 1970s, ED initiation and treatment have
interactions exist, and QTc prolongation has been associated not been incorporated into common practice for OUD, despite
with fatal cardiac events.'® The safety profile is better for clear evidence of efficacy. 2 Since the ED will continue to
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Table 3. Highest perceived barrier and experience with medications for opioid use disorder by access to a bridge.
Has bridge No bridge
P-value
N n N n
Highest ranked barriers for prescribing buprenorphine
There is no reimbursement for me. 53 2 (3.8) 76 2 (2.6) 1.000
| don't have access to providers for follow up in my area. 53 9(17.0 78 14 (17.9) 0.886
There's no financial incentive for my department. 52 3(5.8) 76 5 (6.6) 1.000
It takes too much of my time. 53 8 (15.1) 78 7 (9.0) 0.280
| don't have social work resources for screening and follow up. 54 4 (7.4) 77 21 (27.3) 0.004
| don't have training. 53 3(5.7) 77 12 (15.6) 0.082
| don't have buprenorphine in my ED. 52 4(7.7) 79 18 (22.8) 0.024
| don’t want to assume medicolegal risk. 54 1(1.9) 78 6 (7.7) 0.239
Highest ranked barriers for dosing methadone
There is no reimbursement for me. 53 1(1.9) 66 5(7.6) 0.224
| don't have access to providers for follow-up in my area. 55 11 (20.0) 67 41 (61.2) < 0.001
There's no financial incentive for my department. 52 4 (7.7) 66 5(7.6) 1.000
It takes too much of my time. 53 6 (11.3) 66 3 (4.5) 0.185
| don't have social work resources for screening and follow-up. 51 2(3.9) 67 14 (20.9) 0.008
| don't have training. 53 2(3.8) 67 12 (17.9) 0.017
| don't have buprenorphine in my ED. 54 11 (20.4) 68 20 (29.4) 0.255
| don’t want to assume medicolegal risk. 54 8(14.8) 67 13 (19.4) 0.508
Has ever prescribed 60 81
Buprenorphine 12 (20.0) 10 (12.3)
Methadone 6 (10.0) 14 (17.3)
Both 36 (60.0) 20 (24.7) <0.001
Neither* 6 (10.0) 37 (45.7)

*’Neither” was not an option on the survey

**All questions were not required to be answered to participate in this study.
MOUD, medication for opioid use disorder; ED, emergency department.

serve as a critical access point for patients with OUD, adding
methadone to an emergency clinician’s toolkit to treat OUD
may present a valuable opportunity to reduce treatment gaps
through MOUD initiation and subsequent referral to treatment.
Inclusion of methadone as a treatment option is particularly
critical as the country continues to grapple with a surge in high
potency synthetic opioid (HPSO) use, including fentanyl and
fentanyl analogs.” Patients using HPSOs have an increased
risk of precipitated withdrawal during buprenorphine
induction, thus creating a major barrier to buprenorphine
initiation.’*' Therefore, methadone will increasingly need
to be considered as part of the treatment algorithm for those
dependent on HPSOs.

Two recent studies reported that lack of familiarity
with induction methods in the ED and time constraints were
significant barriers to buprenorphine induction in the ED.2**
This was not consistent with our study, which found that the
main barriers to using either MOUD were a lack of access to
follow-up addiction experts or social worker resources. The

reason for this difference may be a result of both state and
national education programs on buprenorphine utilization, as
well as professional organization position statements, which
led to the rapid acceptance and uptake of buprenorphine in
the ED over the past few years.’> Emergency departments
have worked to create community relationships with clinics
that offer buprenorphine and these same relation-ships can
be cultivated with local methadone clinics.** Linkage to
methadone clinics has been successful in the past when
vouchers for methadone treatment were provided to patients
discharged from the ED.%

Furthermore, published best practices for adopting
buprenorphine programs in the ED can be adapted to
facilitate ED-based methadone initiation. Examples include
using a clinician champion to train colleagues and address
administrative barriers and a trained substance-use patient
navigator to facilitate linkage to outpatient methadone
treatment and assist patients with social determinants of
health-related barriers to long-term treatment engagement
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(eg, unreliable transportation).*® Additionally, a protocol for
methadone dosing in the ED setting should be created, and all
emergency clinicians should be trained in its use. A protocol
may be particularly useful to overcome clinicians’ hesitation
concerning methadone use in the EM setting, given its
interindividual variability in pharmacokinetics and potential
for dose accumulation.

Despite ED-based efforts to increase post-discharge
treatment engagement, patients face pre-existing access
challenges to receipt of methadone in the community. Unlike
buprenorphine, which may be prescribed by any waivered
clinician, methadone can only be dispensed at federally certified
opioid treatment programs that require supervised daily on-site
medication dosing. These regulations limit access and increase
the stigma associated with methadone treatment for OUD.*’
COVID-19 era regulations relaxed the requirements for on-site
methadone dosing, allowing up to 28 days of take-home doses
with no evidence of negative out-comes.***4° Ag states move
to retain relaxed methadone regulations beyond the pandemic,
establishing pathways for linkage to outpatient methadone
treatment will be even more critical.*!

Given that the perceived barriers to buprenorphine and
methadone initiation in the ED were similar in this study,
we postulate that stigma may play a role in EPs’ choice of
MOUD. Previous studies seem to support this theory and
demonstrate clear bias against patients receiving methadone
and the clinics that provide methadone.?**? To combat the
stigma of methadone initiation in the ED, the same tools used
to reduce the stigma of treating patients with a SUD in other
healthcare settings can be used. Interventions include the
following: integrating MOUD training into medical school
curriculums; having specialty addiction consult services in
hospitals; and providing continuing education that focuses on
increasing awareness of the benefits of MOUD and highlights
the barriers to OUD treatment.*+46

In addition to increased education and structural support,
more research must be completed to assess methadone
initiation in the ED. Research topics include conducting
basic epidemiological studies on methadone initiation in the
ED, establishing and evaluating an ED methadone initiation
protocol, and monitoring the rate of successful linkage
to follow-up care after methadone initiation in the ED.
Additional studies on interventions to reduce the stigma of
methadone and other MOUD treatments among EPs should
also be conducted.

LIMITATIONS

This study had several limitations. The low response
rate (18.4%) may have created some nonresponse bias
in our results. This is similar to prior research reporting
response rates of surveys distributed through a professional
organization.*”** Additionally, participants had to be members
of ACEP to be invited to participate in this study. Response
bias, specifically social desirability bias, could have led

some EPs to select more supportive answers to adopting
buprenorphine or methadone in the ED. Our study had a
similar gender and race distribution of EPs in the US as
reported elsewhere, although it is important to note that the
majority of respondents identified as White males.*® Even
though the demographic distribution of this study matches
national patterns, they may not be generalizable to all EPs

as the percentage of physicians who had completed their
X-waiver in our study (38%) vastly differs from national
estimates. A prior study reported that only 1% of EPs were
X-waivered nationally.’! Another limitation of the study is
that there was no way to control for multiple respondents
from the same institution because this study’s survey and
EMPRN did not collect institution-specific data. Lastly, it is
important to note that our research team assumed that the EP
had not ordered either MOUD if the participant did not answer
the question of whether they had ordered buprenorphine or
methadone while working in the ED.

CONCLUSION

Our cross-sectional study demonstrates that, despite more
than 50 years of data demonstrating methadone’s efficacy,
emergency physicians are not comfortable using methadone
for patients with opioid use disorder. Buprenorphine has
been embraced by EPs, largely as a result of ongoing
local, regional, and national education efforts, as well as
widely publicized and distributed statements by influential
professional organizations.'>!”->* Similar efforts should now
be undertaken to educate and support emergtency physicians
to increase methadone utilization and decrease the stigma
frequently associated with this life-saving medication.
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Introduction: The use of personal protective equipment (PPE) is a salient component of reducing
occupational risk in many fields. Emergency medical services (EMS) personnel use PPE to reduce risk
of exposure and defend against various pathogens they come in contact with while providing patient
care. Currently, the understanding of factors that predict the use of PPE by an EMS responder during a
pandemic is limited. In this study our objective was to identify factors that influenced PPE use by EMS
responders during the coronavirus disease 2019 (COVID-19) pandemic, which may guide future planning
for responders in similar austere or personal risk situations.

Methods: We conducted a retrospective chart review among all EMS encounters across an EMS agency
affiliated with a large New York health system from March 16—June 30, 2020. All adult, emergency
encounters with available prehospital record data were analyzed. We assessed patient- and EMS
encounter-level data as possible factors that influence PPE utilization. The use of PPE was defined and
guided by the literature as being either full or partial PPE, or “not documented.” We used multinomial
logistic regression to identify factors that influence PPE use among EMS responders.

Results: We identified 28,693 eligible EMS encounters during the study period; 54.2% of patients were
male, the median patient age was 58 years, and 66.9% of patients had at least one chronic medical
condition. The use of PPE was documented in 92.8% of encounters, with full PPE used in 17.8% of
these encounters. Full PPE utilization, relative to partial, was most strongly influenced by dispatch codes
indicative of “breathing problems” (odds ratio [OR] 4.89; 95% confidence interval [Cl]: 4.40, 5.46) and
“cardiac/respiratory arrest” (OR 3.82; 95% ClI: 2.99, 4.88), in addition to a patient’s positive screening for
CQOVID-19 on 9-1-1 dispatch (OR 3.97; 95% CI: 3.66, 4.32).

Conclusion: Emergency medical services responders more frequently used full PPE for calls
with dispatch codes indicative of respiratory distress or cardiac arrest. Understanding factors
that influence PPE use among EMS personnel, particularly during times of public health
emergencies, is essential to mitigate exposure and ensure the safety of frontline responders.
[West J Emerg Med. 2022;22(3)396—-407.]
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19)
pandemic has placed and continues to place significant strain
on healthcare systems around the world, with healthcare
workers facing unprecedented demands of caring for
patients. New York, particularly New York City (NYC) and
surrounding areas, sustained record-breaking rates of disease,
accumulating over one third of all reported COVID-19 cases
between March—April 2020 during the initial onslaught.'

The prehospital emergency medical services (EMS) system,
specifically, experienced an alarming burden throughout
this crisis, with increased call volumes and concerns over
risk of contracting COVID-19. New York City alone was
experiencing over 6500 calls for EMS per day during the
height of the pandemic’s first wave.

The role of EMS personnel is unique when compared
to that of other frontline healthcare workers. They are often
the first to encounter patients and have limited information,
thereby facing potential exposures while providing lifesaving
medical care. Simply due to the nature of the interventions
they perform, such as cardiopulmonary resuscitation (CPR)
and aerosolizing procedures such as advanced airway
management, EMS responders are at increased risk of
COVID-19 exposure and subsequent infection.>* Because of
this, they play a critical role as a first line of defense against
further spread of communicable infectious agents. They
provide field care, often in the patient’s home or workplace,
and then are confined to work in small, mobile workspaces
with limited supplies and a lack of formal sterilization
procedure after the patient has been transported to the hospital.
These factors complicate the analogous mitigation efforts
borrowed from static healthcare settings such as hospitals.

Perhaps the most critical component in the infectious
disease response among EMS responders is the use of personal
protective equipment (PPE). The role and use of PPE among
healthcare personnel during such times has been a topic of
study in previous outbreaks, such as HINI, severe acute
respiratory syndrome (SARS), and Middle East respiratory
syndrome (MERS), in order to better understand and inform
practice guidelines for disaster preparedness and other
emergency planning.>!° These studies, however, are limited
in that they used simulation techniques for evaluation (ie, in a
controlled environment), or were conducted after the outbreak
had ended, thereby limiting their real-world applicability.>* !
To our knowledge, only three studies have investigated PPE
use among EMS responders as it relates to the COVID-19
pandemic, which is concerning given the intense demand for
EMS services, specifically within the NYC region.'*!

While these studies add vital information to the body of
knowledge on PPE use, they are predomi-nantly descriptive
and provide limited insight into the underlying factors that
may influence PPE use by EMS responders. Despite existent
recommendations and guidelines for PPE use, EMS responders
may or may not use appropriate PPE during calls. Therefore,

Population Health Research Capsule

What do we already know about this issue?

The use of personal protective equipment
(PPE) is a critical component of occupational
health and safety, particularly during
infectious disease outbreaks.

What was the research question?

We sought to identify factors that influenced
PPE use among EMS responders during the
first wave of the COVID-19 pandemic.

What was the major finding of the study?

The use of PPE was documented in 92.8%

of encounters, with full PPE used in only
17.8%. Respiratory/cardiac arrest and COVID
symptoms on 9-1-1- dispatch were associated
with increased odds of full PPE use.

How does this improve population health?
Understanding the use of PPE by EMS
responders during COVID-19 can inform
future emergency and disaster planning and
occupational safety efforts.

it is imperative that we begin to understand what influences
responders’ use of PPE during the current pandemic to mitigate
the risk of exposure and transmission to other healthcare
workers and patients, especially as we navigate subsequent
pandemic waves. To that end, our goal was to assess the factors
that may influence PPE use among EMS responders during the
COVID-19 pandemic to objectively inform practice guidelines
to ensure the optimal safety and well-being of all healthcare
workers in resource-limited environments.

METHODS
Study Population

We conducted a retrospective chart review of all EMS
patient encounters across an EMS agency affiliated with the
large, diverse New York State (NY'S) healthcare system from
March 16—June 30,2020. The EMS system is comprised of over
700 Advanced Life Support and Basic Life Support responders,
across four major branches. These four branches are geographic
in nature and based on an original EMS agency code prior to
an accumulated healthcare system integration under a single
umbrella agency. The Core Division, or central EMS division,
consists of ambulances serving dual roles—first, those that
provide interfacility transport between healthcare facilities
across the NY metropolitan and surrounding areas, and second,
those that provide 9-1-1 emergency services to the communities
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of Nassau and Suffolk Counties in Long Island, NY. The

Core Division also has contracted emergency ambulance
services within the NYC Fire Department of NY (FDNY)-911
system, which comprises the three additional EMS branches.
Ambulances within these branches are dispatched by FDNY
EMS and respond to 9-1-1 emergencies within NYC. Together,
the four branches geographically serve over 11 million people
across 1495 square miles and respond to an average of 173,500
calls annually.

The first confirmed COVID-19 case in NY was on
March 1, 2020, in the NYC metropolitan area. Study date
selection was based on the implementation of specific PPE
use documentation protocols within our EMS patient care
documentation platform as part of ongoing disaster response
efforts, which began on March 16, 2020. Data was collected
per encounter and included all adult emergency calls during
this time frame. We excluded all pediatric calls due to the
disproportionate number of COVID-19 cases experienced
among the adult population. Interfacility calls were excluded
due to the predetermined nature of such calls, which could
have influenced PPE use among responders. We also excluded
encounters that were cancelled, had no patient found upon
EMS arrival, or had unavailable prehospital medical record
data. Our EMS system uses HealthEMS (Stryker Corporation;
Kalamazoo, MI) as the electronic prehospital care reporting
platform. This study was approved by our health system’s
institutional review board with a waiver of informed consent.

Factors that Influence PPE Use

To comprehensively understand potential factors that
influence PPE use among EMS responders, we obtained
patient- and EMS encounter-level data. Patient-level variables
included demographics, such as age and gender. The EMS
encounter-level variables included the following: dispatch code;
COVID-19 Emergency Medical Dispatch Modified Caller
Query (EMD-MCQ); priority level; EMS responder service
level (Advanced Life Support [ALS] vs Basic Life Support
[BLS]); EMS agency branch (Core vs NYC branches); run
disposition; and transport facility type. Dispatch codes are
generated using a computerized triage algorithm by our EMS
agency dispatch center. For the purposes of this study we
categorized the code as follows: breathing problems; cardiac/
respiratory arrest; pandemic flu; sick person; unconscious/
fainting; unknown problem; and “other.” The “other” category
included all other dispatch codes deemed representative of the
general population served by EMS. which included calls from
individuals who could have been seeking care for symptoms
atypical of COVID-19 but who still represented potential
exposure contacts for EMS responders.

In direct response to COVID-19, EMS systems
nationwide developed 9-1-1 dispatcher-initiated, symptom-
screener questions, which are relayed by communication
personnel to the EMS responders to mitigate possible
viral exposure. Within our population, an EMD-MCQ was

implemented that screened patients for COVID-19 signs and/
or symptoms upon calling 9-1-1. Patients that endorsed having
a fever, cough, recent travel, or contact with a COVID-19-
positive person were deemed “positive” on the screen. This
information was then made available to EMS responders on a
mobile data terminal, as part of the dispatch process. Priority
level was categorized based on the Medical Priority Dispatch
System alpha designations as part of the alphanumeric 9-1-1
dispatch codes, with high priority corresponding to C, D, E
and O designations, and low priority corresponding to A and
B designations. Transport facility was categorized based upon
the receiving hospital’s regional EMS designation as a tertiary
or community hospital, and encounters where patients were
not subsequently transported were classified as “no transport.”
We collected EMS procedural and patient assessment
variables. Procedures were categorized after expert clinician
review as the following: CPR/defibrillation; aerosolizing;
invasive procedures or monitoring; wound or injury care; non-
invasive biomonitoring; and “other” treatments. Documented
performance of the listed procedures was then dichotomized
as “yes” or “no.” Assessment variables were defined as
“yes.” “no,” or “not documented,” and included normal skin
temperature, normal breathing rate, unlabored breathing,
patent airway, and clarity of right and left lungs. Lastly, to
understand the impact of the responder’s work shift, we also
included the time of day when the call was received as a
surrogate for shift time.

PPE Use

Our primary outcome was documented PPE use,
which we categorized as “full.” “partial,” “none,” or “not
documented.” For the purposes of this study, and consistent
with recommendations by the US Centers for Disease Control
and Prevention (CDC) and our EMS agency’s guidelines and
the literature, full PPE utilization was the endorsement of
donning gloves, eye protection, face mask (N95, surgical or
powered air-purifying respirator [PAPR]), and a gown by one
or more EMS responders.'*!¢ Of note, PAPRs were supplied
only to responders with special personal considerations and
not for increased patient risk. Our EMS agency issued formal
PPE guidelines in April 2020, which remained unchanged
throughout the study period and indicated that EMS personnel
with patient contact should don full PPE (face mask, eye
protection, gloves, and gown) for all calls, even when
COVID-19 was not suspected or confirmed.

Partial PPE was the endorsement of any combination
of the PPE groups mentioned, but not all four (ie, gloves,
eye protection and face mask; or gloves and face mask).
Encounters where responders did not endorse donning
any PPE were classified as “none.” The last category,
“not documented,” was created due to the recent addition
of PPE documentation fields in the prehospital medical
charting platform, and how that may have impacted overall
documentation. The use of PPE is reflective of a summary of
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all equipment used by the responding EMS personnel during
each unique prehospital encounter.

Other Measures

Other encounter variables collected included additional
patient demographic information, such as race, ethnicity, and
insurance status. These variables were used to describe the
study sample but were not included as potential predictors in
multivariable analyses because they were determined a priori
not to have any meaningful impact on the use of PPE. We
also recorded the month in which the encounter occurred to
describe changes in PPE use over time.

Statistical Analysis

Factors of influence were identified a priori and by expert
review as having potential associations with PPE use among
EMS responders. The data we report is reflective of EMS
encounters rather than individual patients, due to PPE use
being encounter-specific. Descriptive statistics were used to
describe the overall patient population, as well as encounter
and clinical care variables. Chi-square and Fisher’s exact
tests, where appropriate, were performed to assess differences
in variables of influence across levels of PPE utilization.
P-values <0.05 were considered statistically significant. We
performed multinomial logistic regression models using the
identified factors to evaluate their impact on PPE use among
EMS responders. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC).

Sensitivity Analyses

Inconsistencies in documentation within electronic health
records is a recognized source of potential bias. And given
the heighted state of stress and fatigue experienced among
EMS personnel during our study period, introducing new
documentation (ie, use of PPE) requirements may have had
varying levels of compliance. To address this, we also performed
a complete case analysis to examine differences among
encounters with and without documented PPE utilization.

RESULTS

We identified 40,240 EMS encounters during the study
time frame, of which 28,693 met eligibility criteria (73.8%)
(Figure). The underlying patient population tended to be male
(54.2%), with a mean age of 58.2 years (standard deviation
=20.6) (Table 1). Patients were also predominantly non-
Hispanic (87.6%) and tended to be White (22.3%).

There was an average number of 273 encounters per day,
with a peak number of 527 at the end of March (data not in
tabular form). Over a third of cases occurred in the month of
April, with 9,508 encounters (33.1%) (Table 2). It was found
that 19.5% of encounters screened positive for COVID-19
based upon the EMD-MCQ. Most frequent dispatch codes
were “sick person” (18.8%), “breathing problems” (18.2%),
and those that fell into the combined “other” category (41.8%).

All EMS calls
3/18/20 - 6/30/20
N=40,240
Excluded
Excluded Pediatric calls (<18 years)
Interfacility calls n=1,671

n=06,238

Excluded

No available prehospital
medical record data | |Cancelled or No Patient
n=3,151 Found
n =487

Excluded

Study Sample
n= 28,693

Figure. CONSORT* flow diagram for confirming eligibility.
*CONSORT, Consolidated Standards of Reporting Trials.

Table 1. Patient population demographics (n = 28,693).

Variables n %
AgeP (mean, SD) 58.2 +20.6
Gender
Male 15,540 54.2
Female 12,368 431
Non-binary 20 0.1
Missing/unknown 765 2.7
Race
White 6,407 22.3
Black 4,768 16.6
Other 1,118 3.9
Unknown/not documented 16,400 57.2
Hispanic ethnicity
No 25,125 87.6
Yes 3,568 12.4
Insurance
Medicaid/state-based 4,144 14.4
Medicare 2,240 7.8
Private 4,289 14.9
Other 6,041 211
None identified/unknown/missing 17,762 61.9

SD, standard deviation.
fn = 28,640; 53 patients were missing age.

Approximately half of all encounters were deemed high priority
(52.3%), and 44.8% required advanced level care from an

ALS responder. Over two-thirds (68.8%) of the encounters
were served by the NYC EMS branches, with the remainder
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Table 2. Emergency medical services encounter variables by level of documented use of personal protective equipment.

Total Full PPE Partial PPE None Not documented
EMS encounter variables® (n =28,693) (n =5,089) (n =21,496) (n=39) (n=2,069)
n %* n %¢ n %¢ n %¢ n %¢
Month
March 2020 5,754 20.1 1,908 33.2 3,823 66.4 19 0.3 4 0.1
April 2020 9,508 33.1 3,180 335 4,633 487 20 0.2 1,675 17.6
May 2020 6,381 22.2 0 0.0 6,234 977 0 0.0 147 23
June 2020 7,050 24.6 1 0.0 6,806 96.5 0 0.0 243 3.5
Time of day
00:00-07:59 5,967 20.8 865 14.5 4,661 78.1 14 0.2 427 7.2
08:00-15:59 12,672 442 2,533 20.0 9,147  31.9 12 0.1 980 7.7
16:00-23:59 10,054 34.0 1,691 16.8 7,688 76.5 19 0.1 662 6.6
Dispatch code
Sick person 5,407 18.8 1,092 20.2 4,025 744 8 0.2 282 5.2
Breathing problems 5,234 18.2 1,969 37.6 3,006 574 2 0.0 258 4.9
Unknown problem 1,807 6.3 123 6.8 1,511 83.6 5 0.3 168 9.3
Pandemic flu 1,776 6.2 491 27.7 1,071 60.3 0 0.0 214 121
Unconscious/fainting 1,494 5.2 303 20.3 1,078 72.2 0 0.0 113 7.6
Cardiac/respiratory arrest 981 3.4 367 37.4 427 43.5 4 0.4 182 18.7
Other 11,994 418 744 6.2 10,380 86.5 20 0.2 851 71
COVID-19 EMD-MCQ screen
positive
Yes 5,607 19.5 2,339 41.7 2,801 50.0 1 0.0 466 8.3
No 23,086 80.5 2,750 11.9 18,695 81.0 38 0.2 1,603 6.9
Priority level
High 15,007 52.3 3,576 23.8 10,196 67.9 19 0.1 1,216 8.1
Low 13,686 47.7 1,513 111 11,300 82.6 20 0.2 853 6.2
Service level
ALS 12,855 44.8 3,442 26.8 8,390 65.3 14 0.1 1,007 7.9
BLS 15,838 55.2 1,647 10.4 13,105 826 25 0.2 1,060 6.7
EMS agency
NYC 19,737 68.8 573 13.8 4,299 788 6 0.2 337 7.3
Core 8,956 31.2 2,373 26.5 5949 66.4 5 0.1 629 7.0
Run disposition
Assist 418 1.5 68 16.3 308 73.7 0 0.0 42 10.1
Dead after arrival 454 1.6 225 49.6 187 41.2 0 0.0 42 9.3
Dead prior to arrival 477 1.7 152 31.9 151 31.7 4 0.8 170 35.6
No transport/refused care 2,640 9.2 289 11.0 2,111 80.0 18 0.7 222 8.4
Treated and transferred care 505 1.8 67 13.3 409 81.0 0 0.0 29 5.7
Treated/no transport 2,900 10.1 615 21.2 2,036 70.2 1 0.0 248 8.6
Treated/transported 21,299 74.2 3,673 17.2 16,294 76.5 16 0.1 1,316 6.2

EMS, emergency medical services; PPE, personal protective equipment; COVID-19, coronavirus disease 2019; EMD-MCQ, emergency
medical dispatch modified caller query; ALS, advanced life support; BLS, basic life support.

5 All P-values <0.001.

¥ Reflects column %.

€ Reflects row %.
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Table 2. Continued.

Total Full PPE Partial PPE None Not documented
EMS Encounter Variables® (n =28,693) (n=5,089) (n=21,496) (n=239) (n =2,069)
n %* n %* n %* n %* n %*

Transport facility type

Tertiary 18,420 64.2 3,075 16.7 14,201 771 13 0.1 1131 6.1

Community 3,404 11.9 668 19.6 2516  73.9 3 0.1 217 6.4

No transport 6,869 239 1,346 19.6 4,779  69.6 23 0.3 721 10.5
Procedure type*

CPR/defibrillation performed 452 1.6 196 434 222 49.1 0 0.0 34 7.5

Aerosolizing procedure 861 3.0 352 40.9 440 511 0 0.0 69 8.0

performed

Invasive procedure/monitoring 3,645 12.7 802 22.0 2,612 7.7 2 0.1 229 6.3

performed

Wound/injury care performed 1,487 5.2 39 26 1,353 91.0 1 0.1 94 6.3

Non-invasive biomonitoring 15,986 55.7 3,162 19.8 11,782 73.7 1 0.1 1,031 6.5

performed

Other treatment performed® 507 1.8 86 17.0 384 75.4 0 0.0 37 7.3
Assessment™*

Breathing rate normal 24,168 84.2 3,732 15.4 18,837 77.9 19 0.1 1,580 6.5

Breathing unlabored 24,263 84.6 3,775 15.6 18,880 77.8 19 0.1 1,589 6.6

Airway patent 26,511 924 4,625 17.5 20,091 7538 21 0.1 1,774 6.7

Lungs clear 24,420 851 3,891 15.8 19,007 77.6 19 0.1 1,596 6.5

Skin temperature normal 24557 85.6 3,943 16.1 18,989 773 19 0.1 1,606 6.5

EMS, emergency medical services; PPE, personal protective equipment; CPR, cardiopulmonary resuscitation.

3 All P-values <0.001.

¥ Reflects column %.

€ Reflects row %.

f P-value = 0.8.

*Yes vs no and not documented.
**Yes vs no vs not documented.

of encounters served by the Core division. The majority of
encounters were subsequently transported to local area hospitals
(74.2%), with 64.2% being tertiary care facilities.

Full PPE use was documented in 17.8% of encounters,
and partial PPE use in 74.9% (Table 2). Use of PPE was
not documented in 7.2% of encounters (n = 2,069). There
were only 39 encounters where PPE was documented as not
being used (0.1%), and of these calls, 46.2% were encounters
where the patient refused care. Among cardiac/respiratory
arrest calls, full PPE was used less frequently compared to
partial PPE (37.5% vs 43.5%). In over 60% of all pandemic
flu calls responders used partial PPE. Full PPE was used in
higher proportions among high-priority calls compared with
low-priority calls (23.8% vs 11.1%). Similarly, full PPE was
used more frequently on ALS calls than BLS calls (26.8%
vs 10.4%). Among encounters where CPR or defibrillation
was performed, full PPE was used in 43.4% of encounters.
Full PPE was used in 40.9% of all aerosolizing procedures,

whereas partial PPE was used in 51.1% of said procedures.
The level of PPE use documented differed significantly across
all patient demographics and EMS encounter variables (all
P-values “<0.001, with the exception of CPR/ defibrillation
procedures (P-values = 0.8).

Due to the small number of encounters where responders
used no PPE, outcome categories included in analyses were
full, partial and not documented PPE use. We excluded the
“none” category from the multivariable analysis, as including
them would have led to unstable estimates (n = 28,601). The
strongest factors that influenced full PPE use, relative to
partial use, were dispatch codes “breathing problems” (odds
ratio [OR] 4.89; 95% confidence interval [CI]: 4.40, 5.46) and
“cardiac/respiratory arrest” (OR 3.82; 95% CI: 2.99, 4.88) and
a positive screen on the COVID-19 EMD-MCQ (OR 3.97; CI:
95% Cl, 3.66, 4.32) (Table 3). Pandemic flu dispatch codes
also significantly influenced full PPE use (OR 1.23, 95% CI:
1.05, 1.43). Encounters where patients were dead prior to or
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after EMS arrival also significantly influenced full vs partial 0.57). Aerosolizing procedures significantly influenced full
PPE use (OR 2.58, 95% CI: 1.87, 3.56; and OR 2.24, 95% PPE vs partial PPE use (OR 1.44; 95% CI: 1.16, 1.80).

CI: 1.66, 3.04, respectively). The odds of using full PPE, Among encounters where PPE use was not documented
relative to partial PPE, among high-priority calls was 1.35 relative to partial PPE utilizations, the most significant

times greater than low- priority calls (OR 1.35; 95% CI: 1.05,  factors that influenced PPE use were encounters where

1.73). Responder service level did not significantly influence patients were dead prior to or after arrival (OR 9.10; 95% CI:
full PPE vs partial PPE use. The NYC EMS branches had 6.35, 13.05; and OR 1.86; 95% CI: 1.16, 2.99, respectively)
significantly lower odds of using full PPE relative to partial and screening positive on the COVID-19 dispatch algorithm
PPE compared to the Core Division (OR 0.53; 95% CI: 0.48, (OR 1.92; 95% CI: 1.67, 2.20).

Table 3. Multivariable multinomial logistic regression of factors that influence use of personal protective equipment (n = 28,601).

Full PPE vs Partial PPE Not Documented vs Partial PPE
Adjusted OR 95% CI Adjusted OR 95% CI
Variable

Age, in years 1.00 1.00 1.00 1.00 1.00 1.01

Gender
Female 1.00 Ref 1.00 Ref
Male 1.14 1.04 1.20 1.08 0.98 1.19
Non-binary 0.35 0.04 3.1 0.80 0.11 6.08
Unknown 1.30 1.10 1.67 1.13 0.85 1.50

EMS Encounter Variables

Dispatch COVID-19 screen positive
Yes 3.97 3.66 4.32 1.92 1.67 2.20
No 1.00 Ref 1.00 Ref

Time of day
00:00-07:59 0.78 0.71 0.86 0.92 0.81 1.04
08:00-15:59 1.00 Ref 1.00 Ref
16:00-23:59 0.91 0.85 0.99 0.87 0.79 0.97

Disposition
Assist 1.00 0.74 1.34 1.49 1.06 2.10
Dead after arrival 2.24 1.66 3.04 1.86 1.16 2.99
Dead prior to arrival 2.58 1.87 3.56 9.10 6.35 13.05
No transport/refused care 0.80 0.68 0.95 1.24 1.03 1.51
Treated and transferred care 0.74 0.56 0.98 0.85 0.58 1.25
Treated/no transport 1.68 1.50 1.88 1.60 1.38 1.86
Treated/transported 1.00 Ref 1.00 Ref

Dispatch code
Sick person 3.33 297 3.71 0.82 0.71 0.95
Breathing problems 4.89 4.40 5.46 0.84 0.72 0.99
Unknown problem 1.29 0.99 1.70 0.92 0.72 1.17
Pandemic flu 1.23 1.05 1.43 1.45 1.18 1.80
Unconscious/fainting 2.61 2.21 3.08 0.98 0.78 1.24
Cardiac/respiratory arrest 3.82 2.99 4.88 1.21 0.87 1.66
Other 1.00 Ref 1.00 Ref

PPE, personal protective equipment; OR, odds ratio; C/, confidence interval; EMS, emergency medical services; COVID-19,
coronavirus disease 2019
*Reference (Ref) category is No/Not documented for each procedure.
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Table 3. Continued.

Full PPE vs partial PPE Not documented vs partial PPE
Adjusted OR 95% ClI Adjusted OR 95% ClI

Priority level

High 1.35 1.05 1.73 1.49 1.19 1.86

Low 1.00 Ref 1.00 Ref
Service level

ALS 1.05 0.81 1.36 0.76 0.59 0.96

BLS 1.00 Ref 1.00 Ref
EMS agency

NYC 0.53 0.48 0.57 0.97 0.85 1.10

Core 1.00 Ref 1.00 Ref

Procedure type*
CPR/defibrillation performed 1.07 0.78 1.46 0.69 0.42 1.14
Aerosolizing procedure performed 1.44 1.16 1.80 1.41 0.99 2.00
Invasive procedure/monitoring performed 0.80 0.71 0.89 0.87 0.74 1.02
Wound/injury care performed 0.38 0.27 0.53 0.90 0.72 1.13
Non-invasive biomonitoring performed 0.89 0.82 0.96 0.89 0.80 0.99
Other treatment performed 0.62 0.47 0.81 0.90 0.63 1.28
Assessment

Breathing rate normal

Yes 1.00 Ref 1.00 Ref

No 2.02 1.45 2.83 1.53 0.90 2.60

Not documented 1.23 1.01 1.50 1.02 0.74 1.40
Breathing unlabored

Yes 1.00 Ref 1.00 Ref

No 1.02 0.70 1.48 1.06 0.58 1.93

Not documented 1.28 1.05 1.56 1.13 0.82 1.57
Airway patent

Yes 1.00 Ref 1.00 Ref

No 0.72 0.52 0.98 0.81 0.51 1.26

Not documented 0.60 0.49 0.73 0.77 0.59 1.00
Skin temperature normal

Yes 1.00 Ref 1.00 Ref

No 2.20 1.57 3.09 1.63 0.96 2.79

Not documented 1.30 1.13 1.50 1.14 0.91 1.44
Lungs clear

Yes 1.00 Ref 1.00 Ref

No 1.19 0.91 1.54 1.21 0.91 1.54

Not documented 1.15 0.98 1.35 1.23 0.95 1.58

PPE, personal protective equipment; OR, odds ratio; C/, confidence interval; EMS, emergency medical services; ALS, Advanced Life
Support; BLS, Basic Life Support; CPR, cardiopulmonary resuscitation.
¥Reference (Ref) category is No/Not documented for each procedure.

Sensitivity Analyses documented PPE are displayed in Table 4. Use of PPE was
Proportions of demographic and EMS encounter variables  not documented in higher proportions among calls where
among those with documented PPE compared to those without the patient died prior to arrival (8.2% vs 1.2%), and when no

Volume 23, no. 3: May 2022 403 Western Journal of Emergency Medicine



Factors Influencing Use of PPE Among EMS Responders During COVID-19 McCann-Pineo et al.

transport occurred (12.0% vs 10.0%). Similarly, the proportion  Table 4. Patient- and emergency medical service-encounter

of pandemic flu calls where PPE was not documented was covariates by personal protective equipment documentation
higher compared to calls where it was (10.3% vs 5.9%). status (n = 28,693).
Proportions of high-priority calls among undocumented PPE Documented Not documented
use compared to documented PPE use was 58.7% vs 51.8%. PPE PPE
Complete case analysis resulted in similar estimates of % %
full PPE use compared to partial use and is reported in our Demographics
Supplementary Material. Age* (mean, SD)
DISCUSSION Gender
This was the first study to investigate both patient- and Male 43.2 42.5
prehospital encounter-level variables to understand their Female 54.2 53.7
role in the use of varying levels of PPE by EMS responders Non-binary 0.1 0.1
during an active pandemic. Encounters indicative of higher Missing/unknown 26 3.8
acuity were associated with higher levels of PPE utilization. Race
Specifically, full PPE use was most strongly influenced by White 291 258
dispatch codes of “breathing problems” (OR 4.89: 95% CI:
4.40, 5.46) and “cardiac/respiratory arrest” (OR 3.82; 95% Black 168 148
CIL: 2.99, 4.88), which is encouraging given the potential Other 3.9 4.2
for aerosolized exposures during these encounters. Further, Unknown/not 57.3 55.2
screening positive on the COVID-19 EMD-MCQ was also documented
strongly associated with EMS responders’ use of full PPE Hispanic ethnicity
(OR 3.97; 95% CI: 3.66, 4.32). These results may be an No 87.5 88.6
indication of certain aspects of a call that are most influential Yes 12.5 1.4
in responder decision-making with respect to donning PPE, Insurance
irrespective of implemented protocols. .
. . . Medicaid/state 14.7 1.2
Dispatch information, early on-scene assessment, and based
responders’ experience have been found to strongly influence ,
their decision-making process.!” Dispatch codes and modified Medicare 78 8.0
caller queries, therefore, may be the most influential in a Private 15.2 1.6
responder’s assessment of COVID-19 (or any infection) risk Other 21.2 19.4
and subsequent use of PPE. Further, these results highlight the None identified/ 41.1 49.8
importance and necessity of pre-arrival instructions as part unknown/missing
of coordinated public health emergency responses for both EMS encounter variables
infection prevention and personnel safety and mitigation of Disposition
disease spread. Previous outbreak studies that included MERS Assist 14 20
and SARS have 1nd}cated th.e 1mportance of preve;ntatwe Dead after arrival 16 20
changes in prehospital practice, which can result in lower . )
occupational transmission and EMS responder illness.'3!” The Dead prior to arrival 1.2 8.2
COVID-19 pandemic is no exception. The implementation of No transport/refused 9.1 10.7
guided recommendations by the CDC and EMS leadership, care
and adherence to that guidance, is paramount to minimize Treated and 1.8 1.4
exposure risk and promote the safety of EMS personnel. transferred care
Preliminary reports have indicated EMS responders are at Treated/no transport 10.0 12.0
increased risk of COVID-19 infection and mortality compared Treated/transported 75.1 63.6
to their healthcare counterparts on the frontline, including Dispatch code
firefighters, nurses, and physicians.? It is, the'refore, critical Sick person 19.3 136
that EMS .persolnnel be properly tramed'and mformed. . Breathing problems 18.7 125
and supplied with all necessary and available information
whenever possible, prior to their arrival at a scene, to ensure a Unknown problem 62 8.1
safe response. Pandemic flu 5.9 10.3
Adhering to and complying with new and existing patient  £ys, emergency medical services; PPE, personal protective
and EMS responder protocols are also a vital component of equipment; SD, standard deviation.

the practice of prehospital EMS. Varying levels of compliance  *n = 28,640.
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Table 4. Continued.

Documented Not documented

PPE PPE
% %
Unconscious/fainting 6.2 5.5
Cardiac/respiratory 3.0 8.8
arrest
Other 41.9 411
Priority level, high vs low
High 51.8 58.7
Low 48.2 41.3
Service level, ALS vs
BLS
ALS 445 48.7
BLS 55.5 51.3
EMS agency
NYC 68.7 69.6
Core 323 304
Transport facility type
Tertiary 64.9 54.7
Community 12.0 10.5
No transport 23.1 34.9
Procedure type
CPR/defibrillation 1.6 1.6
performed
Aerosolizing procedure 3.0 3.3
performed
Invasive procedure/ 12.8 1.1
monitoring performed
Wound/injury care 5.2 4.5
performed
Non-invasive 56.2 49.8
biomonitoring performed
Other treatment 1.8 1.8
performed
Assessment
Breathing rate normal 84.8 76.4
Breathing unlabored 85.2 76.8
Airway patent 92.9 85.7
Lungs clear 86.1 76.9
Skin temperature normal 85.8 77.6

EMS, emergency medical services; PPE, personal protective
equipment; SD, standard deviation; ALS, Advanced Life Support;
BLS, Basic Life Support; CPR, cardiopulmonary resuscitation.

*n = 28,640.

to standard infection control guidelines have been previously
reported among EMS responders.?*?! Bledsoe and colleagues®
found that only a little over half (56.9%) of EMS responders

who arrived to receiving emergency facilities were wearing
gloves. Another study found that the donning of certain PPE,
such as gowns and face shields, did not occur in considerable
proportions among EMS responders when it was deemed
necessary (64% and 36%, respectively).?! Although our study
did not include real-time observations of PPE use, it still offers
great insight into adherence to infection control guidelines,
specifically during a pandemic.

Despite EMS agency guidelines, full PPE was used in
only 17.8% of encounters. Among encounters where patients
had screened positive as a potential COVID-19 exposure, only
41.7% of responders documented using full PPE. Further, of
all encounters with dispatch codes indicative of pandemic flu,
full PPE was documented in only 27.7% of said encounters.
Even more surprisingly, 85.8% of these calls had also screened
positive on the 9-1-1 dispatch.

The proportions of full PPE use were significantly lower
than anticipated, particularly in light of the CDC and agency
recommendations advising the use of such levels of PPE.'* We
offer potential explanations for such suboptimal compliance,
beginning first with risk assessment by EMS responders.
Encounters where risk of COVID-19 exposure was higher,
as in potentially aerosolizing scenarios such as cardiac arrest
or respiratory/breathing problem calls, the odds of using full
PPE was almost four- to five-fold higher. Responders may
have assessed that these encounters were the most hazardous,
thus warranting the use of higher levels of PPE. Alternatively,
encounters where potential exposure may have been deemed
lower, particularly among calls that did not screen positive on
the EMD-MCQ, responders may have decided to use less PPE
from a resource-conservation standpoint.

Secondly, in the attempt to reduce treatment delays,
responders may have neglected to don all equipment
constituting full PPE. Particularly in our EMS agency, where
full PPE was recommended on all calls, and not just those of
suspected COVID-19, the donning process may have been too
lengthy or cumbersome and disrupted the delivery of patient
care. This may have become even more exaggerated in higher
acuity calls, resulting in lower levels of PPE use. Lastly, we
observed a considerable proportion of encounters that did not
have any PPE documented (7.2%). The new documentation
fields that captured responders’ PPE use was implemented
across our EMS agencies within days upon the declaration
of the state of public health emergency on March 13.#
Responders who may not have been previously documenting
their PPE use were now asked to make it part of routine
practice, while experiencing rapidly increasing workloads
and call volumes. It is plausible that our responders did use
full PPE when necessary but did not accurately or thoroughly
document its use within the documentation platform.

Current reports of PPE use among EMS responders
during the pandemic have been limited since they temporally
reflect the initial outbreak or were conducted only among
COVID-19-positive patients. Murphy et al. found that
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among their sample, 67% of EMS responder encounters
documented donning full PPE (gloves, eye protection, mask,
and gown).'® However, PPE use by more than one responder
per encounter could have been included in this proportion,
which differs from our summative reporting. Further, among
a small subset of general EMS encounters from March 20-
26, Murphy and colleagues also report that full PPE was
used in 34% of EMS responder encounters.'® During the
same time frame in our study, full PPE was documented in
28.9% of EMS encounters, which is comparable given the
aforementioned differences in documentation between our
two studies. Further, it was reported by Fernandez et al. that
only 40.4% of EMS encounters had documented use of any
face mask (surgical, N95, PAPR)." In our study, we found that
of encounters occurring during the same study time frame,
use of a face mask was documented in 91.5% of encounters,
which is encouraging given the significant disease burden
geographically experienced among our sample. Although
there are many differences across our studies, these results
highlight that PPE use among EMS responders is influenced
by a multitude of factors, some of which may go beyond
recommendations and guidelines.

LIMITATIONS

Our study is not without limitations. The first is the
retrospective nature of our design. We were reliant on
the completeness and accuracy of what was documented
within the prehospital health record. There-fore, there is a
potential for misclassification with respect to our outcome
— PPE utilization — with responders potentially under- or
over-reporting their PPE use. However, given the focus and
necessity of COVID-19 infection mitigation among EMS
responders during our study period, we do not believe this
occurred in a significant proportion. Secondly, as reported,
there was a considerable proportion of missing outcome data,
with sensitivity analyses indicating significant differences
in both patient and prehospital variable proportions among
encounters with and without documented PPE. Specifically,
encounters where patients had died prior to or after arrival
were more likely to have undocumented PPE. Responders
may not have documented PPE use during such calls, for they
may not have physically come in contact with the deceased
patient. Although this is speculative, we do not believe that
the encounters where PPE use was not documented have any
statistically meaningful influence on the predictors of full PPE
use because our complete case analysis did not indicate this
across multivariable models.

Thirdly, PPE was collected as a summative utilization
measure documented across two individuals. There is the
possibility that we underestimated the true proportions of full
PPE used, for we could not discern the specific numbers of
equipment actually used (ie, two face masks, one gown, etc.).
Two individuals could have used full PPE, but we were only
able to report per encounter. We were also unable to determine

whether the level of PPE use was driven by individual
decision-making in the field or implemented per CDC/agency
protocols. Responders could have used their own judgment
of perceived risk to guide the donning of PPE, which could
have occurred irrespective of current guidelines. This could
have influenced our results in either direction; however, we
were unable to account for this analytically. Lastly, our results
are reflective of an EMS system in a region that was hit
especially hard by the pandemic and, therefore, may not be
representative of all EMS agency experiences.

CONCLUSION

Dispatch codes indicative of respiratory illness or cardiac/
respiratory arrest were the strongest factors that influenced
full PPE use among EMS responders during the first wave
of the COVID-19 pandemic. Screening positive on 9-1-1
caller queries was also a strong factor of full PPE utilization,
highlighting its purpose in emergency and disaster planning.
However, despite the CDC’s national PPE guidelines, not
all responders used full PPE when encountering a suspected
COVID-19 patient. Being able to ascertain the reasons behind
a responder’s decision-making with respect to complying with
emergency protocols should be the subject of future research.
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Study Objective: Emergency department (ED) testing for sexually transmitted infections (STI)
in women is typically performed with a pelvic examination and an endocervical swab. However,
vaginal swabs are effective for STI testing and the preferred specimen type according to the US
Centers for Disease Control and Prevention. The utility of using vaginal swabs in the ED for STI
screening has not been thoroughly investigated. Our objective was to assess detection rates for
two bacterial STIs before and after implementing a screening protocol using vaginal swabs.

Methods: We conducted a quasi-experimental, pre-post study using standardized data from
electronic health records across nine metropolitan Detroit hospital EDs. Patients included
women who were tested for Chlamydia trachomatis or Neisseria gonorrhoeae in the ED between
April 2018— December 2019. Pre-implementation tests from April 2018-February 2019 were
done using endo-cervical swabs, and post-implementation tests from February 2019-December
2019 were done with vaginal swabs. We used non-inferiority testing for proportion with a non-
inferiority margin of one percentage point absolute difference in detection rates of STI.

Results: The study included 22,291 encounters with 11,732 in the pre-implementation and
10,559 in the post-implementation phases. The C. frachomatis detection rates were 7.5% pre-
implementation and 7.6% post-implementation (between-group difference, 0.1 percentage
points; 95% confidence interval [CI]: -0.7, 0.4; p<.01 for non-inferiority). The N. gonorrhoeae
detection rates were 3.1% pre-implementation and 3.6% post-implementation (between-group
difference, 0.5 percentage points; 95% CI: -0.8, 0.04; p<.01 for non-inferiority).

Conclusion: Using vaginal swabs for STI testing in the ED may be a non-inferior alternative to
using endocervical swabs. [West J Emerg Med. 2022;22(3)408-411.]

INTRODUCTION rates in women increased by 3.6% from 2017 to 2018.2

Background

Treatment for newly acquired sexually transmitted
infections (STI) was estimated to cost $16 billion in the United
States in 2018, with the treatment of Chlamydia trachomatis
and Neisseria gonorrhoeae totaling almost $100 million.'
The US Centers for Disease Control and Prevention (CDC)
reported that C trachomatis rates in the US increased by 11.4%
in women from 2014 to 2018, while N. gonorrhoeae infection

Infection with these organisms puts women at risk for infertility,
ectopic pregnancy, pelvic inflammatory disease, and increased
risk for human immunodeficiency virus infection.> Expanding
screening approaches may help to reduce STI rates.

The CDC recommends vaginal swabs as an appropriate
sample type when testing for many STIs, even when a pelvic
exam is performed.* The US Food and Drug Administration
has approved both endocervical and intravaginal swabs as
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screening methods for C. trachomatis and N. gonorrhoeae.’
For STI screening in women, self-collected vaginal swabs
have been shown to have a similar sensitivity and specificity
to those collected by a clinician.® Endocervical samples for
C. trachomatis testing in young adult women have shown
sensitivities ranging from 75-100%, with some reports of
sensitivities greater than 90%.*” Self-collected vaginal swabs
from young women have shown nucleic acid amplification
technique sensitivities ranging from 75-100% for the
detection of C. trachomatis.” In addition, results from nucleic
acid amplification technique tests for N. gonorrhoeae have
been reported to be similar to those for C trachomatis, with
endocervical sample sensitivities of 89-97% and vaginal
sample sensitivities of greater than 90%.*7 Other studies have
even found that C. trachomatis and N. gonorrhoeae detection
rates are higher from patient-performed vaginal swabs than
from endocervical swabs.”

Importance

Few studies have investigated the use of vaginal swabs in
the emergency department (ED) for STI testing.® One small
previous study demonstrated that patient self-collected vaginal
swabs were not inferior for detecting C. trachomatis and N.
gonorrhoeae in a single ED.’ The use of vaginal swabs for STI
testing in the ED provides an option for a patient-collected
sample in appropriate situations. This can reduce the need for
the more invasive procedure of a pelvic exam, saving time
and resources, and perhaps promoting patient autonomy and
reducing patient stress.

Goals of This Investigation

We implemented a protocol for using vaginal swabs,
rather than endocervical swabs, to test for two bacterial STIs
in women in EDs within a multihospital health system. We
hypothesized that STI detection rates using vaginal swabs in the
ED would be equivalent to the pre-implementation protocol that
used only endo-cervical swabs collected by clnicians.

METHODS
Ethics Approval

Approval for this study was obtained from the Henry Ford
Health System Institutional Review Board prior to the start of
this study.

Study Design and Setting

This was a quasi-experimental, retrospective pre-post
study using standardized data from the electronic health record
(EHR) across the Henry Ford Health System. We assessed
10 months of data before (pre-implementation phase from
April 2018-February 2019) and 10 months of data after (post-
implementation phase from February 2019-December 2019)
the implementation of an ED STI vaginal swab screening
intervention. The study period included records of STI tests
that were done in nine EDs in the metropolitan Detroit,

Michigan, area. Eligible patients included any woman who
received testing for C. trachomatis or N. gonorrhoeae in the
nine EDs during the study period. Retrospective chart review
for data collection was obtained following recommendations
by Worster et al to reduce bias and adhere to methodologic
standards for medical record review.'’

Because this was a retrospective study clinicians were
blinded to the study during the data collection period.
Abstractors were properly trained on data collection and
analysis for data from our EHR system prior to analysis.
Multiple trained abstractors reviewed the same data to ensure
data results were correct and accurate. Abstractors were
blinded to the goals of the study during the analysis stage
of this study. We excluded duplicate patient visits from data
analysis. If data was missing from a specific patient, that
patient was removed from the data set prior to analysis.

Selection of Participants

Women included in this study were in the ED for
symptomatic STIs such as pelvic pain, unusual or foul-smelling
discharge, or lower abdominal pain, had screened positive
for possible STI exposure during history-taking, or were
asymptomatic but had asked to be tested for STIs. Pregnant
patients or patients with vaginal bleeding were not excluded
from data collection. Men were excluded from this study.

Interventions

The intervention consisted of a new ED protocol
that introduced vaginal swabs to test for STIs rather than
endocervical swabs. In the pre-implementation phase,
endocervical swabs were collected using the Aptima Unisex
Swab Specimen Collection Kit (Hologic, Inc., Marlborough,
MA). At the time of the intervention, use of endocervical
swabs was discontinued in all nine EDs and only vaginal
swabs were available for testing. All patients who would have
been previously swabbed using the endocervical swabs were
swabbed using intravaginal swabs in the post-implementation
phase. Following Michigan Department of Health and
Human Services (MDHHS) and CDC policies, if patients
reported no unusual or foul-smelling discharge, pelvic pain, or
dyspareunia, they were offered the opportunity to self-collect
the swab during the post-implementation phase.'!

In the post-implementation phase, swabs were collected
by clinicians or self-collected by the patient. Clinicians
would perform the vaginal swabs if the patient had any of
the above symptoms, if asymptomatic patients requested that
the clinician collect the swabs, or if the patient was unable to
perform the swab herself. Patients who collected their own
vaginal swabs were provided instructions on how to perform
the intravaginal swabs per MDHHS and CDC policies prior
to collection by either a nurse or clinician. The intravaginal
swabs were collected by carefully introducing the swab
about two inches past the introitus. The swab was moved
circumferentially around the intravaginal canal for 10-30
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seconds. Special attention was made to make sure the swab
touched the walls of the vagina and absorbed the moisture.
The swab was then directly placed in the collection tube and
sent to the lab for analysis.

Specimens for testing for N. gonorrhoeae and C.
trachomatis were collected using the Aptima Vaginal Swab
Specimen Collection Kit (Hologic) following manufacturer’s
instructions. Testing for N. gonorrhoeae and C. trachomatis
was performed by transcription-mediated amplification using
the Aptima Combo 2 assay on the Panther platform (Hologic).

Measurements and Outcomes

Patients were considered to have an STI only if the
laboratory results from the STI screening for C. trachomatis
and N. gonorrhoeae result were positive.

Analysis

We estimated the requisite sample size to be 19,770
encounters with laboratory test results to ensure a non-
inferiority margin of one percentage point absolute difference in
detection rates of STIs. This estimate assumed a power of 95%
and alpha = 0.05. Analysis consisted of non-inferiority testing
for proportion with a non-inferiority margin of one percentage
point absolute difference in detection rates of STI. Only patients
with definite positive or negative result were included in the
data analysis. Equivocal test results were excluded from the
data collection. We completed analysis with SAS 9.4 (SAS
Institute, Inc., Cary, NC). We report between-group differences
with their associated 95% confidence interval (CI).

RESULTS

The study included 22,291 encounters across nine EDs
within one multihospital health system. A total of 11,732
encounters occurred during the pre-implementation phase
and 10,559 occurred in the post-implementation phase. The
post-implementation group included intravaginal swabs that
were performed either by clinicians or were self-swabbed by
the patient, while pre-implementation tests used endocervical
swabs collected solely by clinicians. The rate of detection of
C. trachomatis was 7.5% pre-implementation and 7.6% post-
implementation (between-group difference, 0.1 percentage
points; 95% CI: -0.7, 0.4; P <.01 for non-inferiority). The rate
of detection of N. gonorrhoeae was 3.1% pre-implementation
and 3.6% post-implemen-tation (between-group difference,

0.5 percentage points; 95% CI: -0.8, 0.04; P < 0.1 for non-
inferiority). Data is listed in the Table. In Wayne County,
Michigan, there were 1330.4 cases/month of C. trachomatis in
the pre-implementation period and 1284.5 cases/month in the
post-implementation period. There were 583.6 cases/month

of N. gonorrhoeae in the pre-implementation period and 595.3
cases/month in the post-implementation period; therefore, there
was not a significant temporal change in infection case rates
between the two time periods.'

DISCUSSION

In this retrospective pre-post study, we showed that using
vaginal swabs for STI testing in the ED resulted in C. trachomatis
and N. gonorrhoeae detection rates similar to those from using
endocervical swabs. There have been limited studies assessing
the utility of patient-administered vaginal swabs for STI testing in
the ED; however, some studies have shown comparable or even
higher sensitivities from using intravaginal swabs compared to
endocervical swabs.*"

Allowing an asymptomatic patient to collect her own
vaginal swab for STI testing limits the demands on resources
and personnel in the ED, since a traditional pelvic exam
can be time and resource intensive. Performing a pelvic
exam often requires moving the patient to a pelvic exam
room, cleaning an additional room, finding a chaperone for
the patient, and adding time to the clinician’s workload.
Avoiding these steps by having patients administer their
own swabs can save considerable time and money. Previous
studies have reported increased comfort among female
patients who collect their own test samples compared
to clinician- collected swabs.!* Patients may feel more
comfortable collecting their own swabs and may be more
open to being tested for STIs with this approach. This may
lead to greater STI-detection rates.

In summary, the results of this study showed that detection
rates of C. trachomatis and N. gonorrhoeae were non-inferior
when a protocol allowing for intravaginal swabs was introduced
into multiple EDs within a single healthcare system. Future
research could include an ED-specific patient questionnaire to
determine whether self-collected swabs are viewed positively
or negatively by patients in the ED. A follow-up study could
evaluate clinician-collected vaginal swabs compared to patient-
collected swabs to determine whether there is a difference
in detection rates for C. trachomatis and N. gonorrhoeae.

Table. Detection rates for Chlamydia trachomatis and Neisseria gonorrhoeae infection in women before and after implementation of a
testing program for sexually transmitted infections, using endocervical swabs vs vaginal swabs (N = 22,291).

Pre-implementation infection
rate (endocervical swab)

Post-implementation infection
rate (vaginal swab)

Between-group  95% CI for non-

(N =11,732) (N =10,559) difference inferiority P-value
C. trachomatis 7.5% (N = 880) 7.6% (N = 802) 0.1% (-0.7,0.4) <.01
N. gonorrhoeae 3.1% (N = 364) 3.6% (N = 380) 0.5% (-0.8, 0.04) <.01

Cl, confidence interval.
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Additional studies might investigate whether there is a
difference in detection rates for other STIs such as Trichomonas
vaginalis or bacterial vaginosis.

LIMITATIONS

Limitations of this study include inter-reliability of
clinicians collecting true endocervical swabs vs possible
intravaginal swabs in the pre-implementation study phase.
Although clinicians and nurses gave patients instructions
on how to perform the intravaginal swabs per MDHHS and
CDC policies prior to collection in the post-implementation
study phase, certain patients may not have collected true
intravaginal swabs, which may have lowered the detection
rates for STIs. Due to the retrospective nature of the study and
absence of documentation, we were unable to extract whether
a patient’s sample was self-collected. Most of our patients
undergoing testing for STI are symptomatic requiring a pelvic
exam, but the precise proportion of self-collected swabs is
unknown. This was an observational study within a single
healthcare system; thus, results are not generalizable.

CONCLUSION

An ED protocol using vaginal swabs for C. trachomatis
and N. gonorrhoeae testing for women may be non-inferior to
the use of endocervical swabs for STI detection rates for these
bacterial pathogens.
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Introduction: Medical documentation issues play a role in 10-20% of medical malpractice
lawsuits. Inaccurate, incomplete, or generic records undermine a physician’s defense and make
a plaintiff's lawyer more likely to take on a case. Despite the frequency of documentation errors
in malpractice suits, physicians receive very little education or feedback on their documentation.
Our objective in this case series was to evaluate malpractice cases related to documentation to
help improve physicians’ documentation and minimize their liability risks.

Methods: We used Thomson Reuters Westlaw legal database to identify malpractice cases
related to documentation. Common issues related to documentation and themes in the cases
were identified and highlighted.

Results: We classified cases into the following categories: incomplete documentation;
inaccurate text; transcription errors; judgmental language; and alteration of documentation. By
evaluating real cases, physicians can better understand common errors of other practitioners
and avoid these in their own practice.

Conclusion: Emergency physicians can reduce their liability risks by relying less on forms and
templates and making a habit of documenting discussions with the patients, recording others’
involvement in patient care (chaperones, consultants, trainees, etc.), addressing others’ notes
(triage staff, nurses, residents, etc.), paying attention to accuracy of transcribed or dictated
information, avoiding judgmental language, and refraining from altering patient charts. [West J
Emerg Med. 2022;23(3)412—-417.]

INTRODUCTION

More than 75% of emergency physicians will be named in
a malpractice lawsuit at least once throughout their careers.!
Documentation issues are thought to play a role in up to 20%
of these lawsuits.? Previous studies of malpractice claims
involving documentation indicate that these cases most
commonly revolve around missing documentation (70%),
inaccurate content (22%), or poor mechanics (18%).* Poor
mechanics includes errors in transcribed order, illegible
entries, and delays in documentation.® Physicians often focus
on documentation as a means of communicating with other

physicians and billing for their services, but it is also crucial
to communicate with the patient and provide a legal record of
the care provided. Often, malpractice lawyers decide whether
to pursue litigation cases based solely on the quality of
documentation. In malpractice cases, inaccurate, incomplete,
or careless records undermine a physician’s defense and make
a plaintiff’s lawyer more likely to take on a case.?

Despite the frequency of documentation issues in
malpractice suits, physicians receive very little education on
this topic through training and very little feedback on their
documentation once in practice. The Accreditation Council
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for Graduate Medical Education does not specifically address
or require medicolegal education, lending to varying levels
of exposure and training on these topics. When surveyed,
residents and physicians across multiple specialties reported
receiving no medicolegal training at all, let alone training
that is specific to documentation, and rated their knowledge
as poor.*>® Emergency physicians are particularly at high
risk of documentation malpractice liability due to the large
number of high-risk patients and fast-paced environment. The
objective of this case series was to evaluate malpractice cases
related to documentation errors and practices to help improve
physicians’ documentation and minimize their liability risks.
By evaluating real cases, physicians can better understand
practices and common errors of other practitioners and avoid
these errors in their own practice.

METHODS

We used Thomson Reuters Westlaw, an online legal
database, to search for medical malpractice cases related
to documentation. Cases were classified into the following
categories: missing documentation; inaccurate text;
transcription errors; judgmental language; and alteration of
documentation. Illustrative examples are provided below.

RESULTS AND DISCUSSION
Missing Documentation

Cases that involve missing documentation comprise a
broad range of clinical circumstances.”? Common scenarios
identified included lack of documentation about informed
consent discussions, patients acting against medical advice
(AMA), specialist consultations, and communication with
patients regarding return precautions or post-discharge
care. The cases below highlight situations in which missing
documentation contributed to the physicians’ liability risks.

Informed Consent

Physicians generally recognize the need to obtain
informed consent and the risks of failing to do so, yet cases
revolving around this issue remain common. Often in these
cases, a standardized informed consent form is used, but
the documentation is still deemed inadequate by the courts.
For example, in Brown v St. Clair Anesthesia, Ltd., a patient
provided written consent for placement of a central venous
catheter during a bypass procedure.” However, the physician
determined during the procedure that the patient needed a
Swan-Ganz catheter instead. Unfortunately, when insertion
was attempted, he perforated the vein and the patient died. The
patient’s family alleged that the two types of catheters were
different enough to warrant a separate and specific consent
form. The hospital settled privately, and the physician took the
case to court believing the initial form would protect him; he
was found responsible for $1 million in damages.

In Alaimo, Estate of v Berman, a woman underwent a
cosmetic breast surgery and developed a complication that

was listed clearly on the informed consent form she had
signed prior to the procedure.® The patient argued that she was
given the informed consent form just minutes before being
wheeled to the operating room, and, therefore, her consent
was rushed and not valid. Although the physicians involved in
the case argued that she had been given the form much earlier,
there was no timestamp on the actual form, and the court ruled
in favor of the patient for a $3.5 million award. Although
clinicians often assume that a signed, informed consent form
protects them from procedural complications, especially those
explicitly listed on the forms, these cases suggest that the
forms’ protections are limited, and courts may expect more of
a detailed conversation than a standardized form conveys.

Patient Acting Against Medical Advice

While patients who leave AMA are widely recognized to be
high risk when it comes to liability, we identified several cases
in which physicians’ documentation of the encounter failed to
protect them from liability. For example, in McHone v Swedish
Covenant Hospital, emergency physicians recommended that
a child with abdominal pain be transferred to a pediatric center
for additional diagnostic studies.” However, the mother wanted
to drive the child herself. She signed an AMA form prior to
discharge and was given instructions to present at the nearby
children’s hospital. Rather than going right to the hospital, the
mother stopped at her house, delaying her arrival at the referral
center for several hours, and the child died due to sepsis from
a ruptured appendix. Although the AMA form was signed and
documented, the accompanying discussion was not. Other than
the signed form, there was no evidence that the original physician
really tried to ensure the mother understood the risks to her child
or worked with her to come up with a safer plan, and the court
found the physician partially liable for the child’s death.

Similarly, in Parker v FL Emergency Physicians,
a patient arrived at the emergency department (ED)
complaining of a headache concerning for a subarachnoid
hemorrhage.!® Before the workup was completed, the patient
left AMA and signed a form documenting this decision, his
awareness of the risks, and his acceptance of those risks.
Several days later, he died due to a ruptured aneurysm.
Again, the AMA form itself did not convince the court that
the physician adequately conveyed the risks to the patient
or put sufficient effort into convincing him to stay, and the
court issued a $9 million verdict. Finally, in Tracy v Freund,
a patient went to the hospital with chest pain but chose to
leave before his evaluation was complete.!! The patient
signed an AMA form and had a fatal myocardial infarction
a week later. This case occurred in a state in which the jury
could apportion comparative fault for the parties involved.
Comparative fault allocates negligence when both parties
are at least somewhat at fault. They decided that the AMA
form lessened the physician’s role but did not absolve him
entirely, and they ultimately found him to be responsible for
50% of the damages, or $2.7 million.

Volume 23, no. 3: May 2022

413

Western Journal of Emergency Medicine



Charting Practices to Protect Against Malpractice

Ghaith et al.

These cases demonstrate that a signed AMA form is

not sufficient protection from future liability and physicians
should ensure that appropriate attention is directed toward this
class of high-risk patients, both in encouraging them to stay
and in fully documenting any efforts to convince them to do
so. Additionally, physicians should document an assessment
of a patient’s decision-making capacity in every AMA case,
ideally with reference to the four elements of capacity,
understanding, appreciation, reasoning, and communication.

Discussions with Consultants

Consultations originating in the ED are another source
of potential liability if not documented appropriately. In an
anonymous case in New York, a patient presented to the ED
with a headache.'? After an initial workup, the resident physician
reported consulting a neurologist who recommended against
additional diagnostic studies. The patient subsequently suffered
a brainstem herniation from an undiagnosed subarachnoid
hemorrhage and died in the ED. When the patient’s family
brought suit, the resident defended himself by saying he was
following the neurologist’s advice. The neurologist denied any
recollection of the conversation, and there was no documentation
to support that it had occurred. The jury felt that either the
resident or the neurologist was being dishonest and awarded the
patient’s family $44 million in damages.

Cases like this can be avoided by following a clear
pathway for formal consultations, in which the consultant’s
name is recorded, along with the time and content of the
discussion, and consultants are made aware that their
recommendations will be relied on and incorporated into the
medical record. This does not preclude informal consultations,
or “curbside consults,” in which a specialist’s advice is sought
in an off-the-record fashion. In fact, instituting a clear pathway
for formal consultations and being upfront about intention
to document recommendations may alleviate consultants’
fears of being unknowingly named in the medical record and
increase their willingness to provide informal input.

Communicating with Patients at and After Discharge
While physicians’ documentation efforts tend to focus
on the content of the clinical encounter, communication
with patients at the time of and after discharge is equally
important for minimizing liability. Lawsuits related to this
issue may involve unclear referrals, inaccurate discharge
instructions, incomplete return precautions, or failure to
follow up on outstanding testing. For example, in Hooten v
Pediatrix Medical Group, a newborn baby with retinopathy
of prematurity was discharged after a prolonged hospital
stay and referred to a local ophthalmologist for close follow-
up."”® When the mother tried to follow up, she was told that
physician was no longer available, and she was scheduled for
an appointment a month later at a different practice. By the
time she followed up, her child was blind. She argued that no
one had told her about the importance of timely follow-up,

and there was no documentation contradicting this, leading the
court to issue a $9.25 million judgment in her favor.

In Estate of Kimble, poorly documented discharge
instructions resulted in liability for a primary care physician.'*

In this case, a woman presented to an outpatient clinic with
shortness of breath and an elevated D-dimer. The physician
instructed her to go to the ED and assumed the patient would

do so but did not document this recommendation. When the
patient instead went home and died from a massive pulmonary
embolism, the physician settled for $2 million since she could
not provide any evidence that there had been referral to the ED.
Taking the time to discuss and document recommendations for
post-discharge care minimizes physicians’ risks from these types
of lawsuits.

Finally, test results that change or return after ED discharge
can create liability risks for emergency physicians. Common
scenarios requiring post-discharge follow-up include radiology
reports that are later revised or tests that result after discharge,
such as blood cultures or urine culture susceptibilities. The ED
must have a process to provide these results to patients in a
timely fashion, and emergency physicians should understand
that they maintain ultimate responsibility for the efficacy of
these processes. In scenarios in which attempts to contact
patients are unsuccessful, all attempts to do so should be
thoroughly documented. Maintaining an awareness of these
processes and potential pitfalls can reduce physicians’ liability
risks for discharged patients.

Inaccurate Documentation

Separate from the issue of missing documentation,
inaccurate documentation makes up the second most common
category of documentation-related malpractice cases.
Common issues in this category include using inaccurate
templates, copying and pasting from other notes, and
providing information that conflicts with other clinicians for
the same encounter. Each of these issues has become more
problematic with the shift to electronic health records (EHR).

Reliance on templates that automatically populate a
normal physical exam or review of systems is a commonly
used but risky practice. Examples of this include a review-
of-systems template that records “no chest pain” for a patient
with a chief complaint of chest pain, or a templated physical
exam saying “moves all 4 extremities” when a patient has
an amputation. Even if these mistakes have no impact the
outcome of a patient’s care, they can be used to discredit the
physician by persuading a jury that the physician was careless,
rushed, and ultimately negligent in their care of the patient,
based simply on one obvious mistake like this.

Inaccuracies in documentation also arise when physicians’
notes conflict with those of other healthcare personnel
involved in the same encounter, such as triage nurses, non-
physician staff such as physician assistants or advanced
practice providers, or trainees. For example, in Plaintiff v
Defendant, a patient presented to the ED with right-sided
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chest pain, had an unremarkable subsequent evaluation in
the ED, and was admitted for pain control.'> In the hospital,
he was eventually diagnosed with a spontaneous chest wall
hemorrhage but unfortunately died of hemorrhagic shock.
The family sued the physicians involved for not recognizing
the acuity of the patient’s condition earlier. The emergency
physician argued that the patient did not appear ill while in
the ED, and referred to his own documented physical exam,
which was normal. However, the patient’s family highlighted
the nurse’s triage note, which described the patient as “cool,
moist, and mottled” at arrival. They used this to argue that
the physician’s exam was inaccurate and that the patient had
shown signs of shock on arrival. The court agreed with the
family, and they were awarded $800,000.

Similarly, in Prager v Campbell Memorial Hospital,
a patient presented after involvement in a motor vehicle
collision, and the triage nurse noted his chief complaint
as neck pain.'® The physician’s chart indicated the patient
complained only of upper back pain with a normal neck exam,
and he discharged the patient after the imaging of his head
and thoracic spine was reassuring. The patient woke up the
next day with paralysis of one arm, was re-evaluated, and
found to have an unstable cervical spine fracture, resulting
in permanent arm weakness. The court ruled in favor of the
patient for a $9 million verdict, based on the nurse’s note that
documented the presence of neck pain at his initial visit.

The use of other healthcare professionals’ notes to
cast doubt on the accuracy of physicians’ evaluations,
as illustrated above, is actually a frequent strategy for
lawyers. In comparing a physician note to a nurse’s note,
trial lawyers teach, “the value of recognizing the difference
between a brief note of a busy physician and the more time
allowing leisurely and more explicit account of a nurse in
a closer and more exposed encounter with a given patient.
Cast in the proper light, the nurse’s notes may well be given
more credence by a jury when confronted with a conflict
reflecting significantly on either the client’s injury or the
question of liability.”? This observation highlights the need
to be aware of what others have written about your patients
and be proactive about addressing any inconsistencies.? This
risk is magnified for physicians overseeing non-physician
personnel or trainees and highlights the risks of the common
practice of signing off on charts after patient discharge or
without full review.

Transcription Errors

Transcription errors are a major source of liability for
physicians and have become increasingly common with the
shift to EHRs. The most common transcription errors include
enunciation errors (53.9%), deletions (18.0%), and insertions
(11.7%)."" Studies have found an average of seven errors per
100 words in electronic records, and a clinically significant
error every 250 words.'” In the ED, 15% of notes have a
clinically significant transcription error.!”

Enunciation errors generally involve transcription
or dictation systems misinterpreting spoken orders. For
example, in Juno v Amare, insulin dosing provided in a
patient’s discharge summary was transcribed by an outside
transcription service as 80 units rather than 8 units, leading to
the death of a patient.'® Despite the obvious technical fault in
this case, rather than any impairment or deliberate negligence
on the part of the physician, the court awarded the patient’s
family $140 million. In Madigan v Makavana, a hospitalized
patient with a known seizure history was receiving 150
milligrams (mg) of Keppra rather than 1500 mg due to a
similar error, resulting in a seizure that caused a permanent
neurologic deficit.”” The court ruled in favor of the patient for
an $11.2 million verdict. The routine use of facial coverings in
healthcare settings has the potential to significantly exacerbate
these enunciation issues.

The use of EHRSs also increases the risk of other types
of errors, such as placing orders for the wrong patient or
choosing the wrong options from a drop-down menu. In
Estate, for example, a 91-year-old man who was in the ED for
a mechanical fall was given high-dose chlorpromazine meant
for a different patient.” This error caused the patient’s death
and resulted in a $750,000 settlement. In Walrath v Smith, a
patient with hypokalemia was given discharge instructions
for hyperkalemia.?' Despite verbal instructions to increase
her potassium supplement, she followed her discharge
instructions, decreased her potassium supplement, and arrested
at home, resulting in a $100,000 settlement. Despite the role
of technology in these cases, the physicians involved can
be held accountable in the same way as if they had missed a
diagnosis or chosen the wrong treatment.

Judgmental Language

Use of judgmental language represents another potential
documentation pitfall for physicians. In Young v. Women's
Health, a physician documented that a patient had a history of
substance abuse, despite her denying this and providing proof
for her claims.??> However, the information was left in the chart,
and the patient was denied life insurance coverage based on this
information. She was able to demonstrate that the information
was false, and the courts sided with the patient for a verdict of
$1.5 million. Judgmental language also comes in the form of
providing unnecessary quotations that highlight the vernacular
of a patient or clinically irrelevant details. For example, a
chart that quotes a patient as reporting she has “the sugars” is
unnecessary, creates a mocking tone, and will make it easy for
an attorney to paint a picture that a physician feels superior
to the patient. Similarly, a chart that alludes to a patient’s
appearance, religion, or political party, if not otherwise relevant,
can easily be used by a trial attorney to suggest the physician
was biased against the patient. In addition, studies have
shown that physicians’ use of negative details and quotations
in patients’ charts tends to negatively bias downstream
clinicians.?*?* Keeping unnecessary details and quotations out
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of the record can shield physicians from this this type of claim
and protect patients from unnecessary bias.

Alterations in Charting

Another common issue is the alteration of previously
recorded documentation. In Perry v United States, a five-
week-old patient was brought to the ED twice in the same day
with a fever, was seen by the same physician and discharged
without appropriate testing.>> On the third visit, the patient
was diagnosed with meningitis and suffered a permanent
neurologic deficit. The physician altered the charts from
previous visits to obscure the fact that the patient had a fever,
but this was easily identified in court proceedings, and the
court levied a $20 million verdict against him.

In Lei, a 21-month-old patient died after a delayed
diagnosis of an incarcerated hernia.?® While the delay in
diagnosis may have been reasonable, the documentation
was changed prior to trial to delete a note about the patient’s
“bilious vomiting,” contributing to a $3.28 million verdict in
favor of the patient. Lastly, in Buchanan v Metrolina Medical
Associates, a patient presented to the ED with shortness of
breath and chest pressure that originated during prolonged
travel.?” The physician ordered a chest radiograph, which was
negative, and discharged the patient on an antibiotic. The
patient died the next day due to a pulmonary embolus. During
the trial, the metadata was used to prove that the physician
went into the patient’s chart after his death to indicate that the
patient had declined an electrocardiogram, that the cough was
productive, and that a calf exam had been performed. While
these notes may have been true, their entry after the fact raised
the specter of a cover-up and forced the physician into a $3
million settlement.

Documentation alteration is relatively easy to identify
because EHRs contain meta-data that can demonstrate
timestamps for nearly every change and review of a page in
the record. The best way to avoid this situation is to document
fully at the initial patient encounter; however, if it is necessary
to go into a chart and document at a later date, especially
in patients with a known bad outcome, physicians should
acknowledge that they are doing so by documenting the date
and why the changes are being made to the chart. While this
may still lead to some loss of credibility by the readers, it is
the only way to addend a patient’s chart without casting doubt
on one’s intentions.

Besides looking dishonest, alteration of documentation
can have several other consequences. For example, many
states can revoke physicians’ licensure if they are found to
have altered a record. In addition, some malpractice insurance
companies will not provide coverage for physicians if they
altered records, leaving them vulnerable to the entirety of a
verdict or settlement. Similarly, in some states where punitive
damages have been banned or capped as a form of tort reform,
these limits do not apply in cases of document alteration.
Finally, in some courts, document alteration reverses the

evidentiary burden, meaning that patients no longer have to
prove that a physician harmed them, but rather the physicians
have to prove that they did not. The myriad of consequences
associated with alteration of documentation emphasizes the
danger of this practice and the importance of documenting
appropriately at the initial encounter.

LIMITATIONS

The above content provides qualitative information
designed to highlight potential areas of vulnerability for
clinicians. Due to the nature of the database, it is not possible
to provide a quantitative assessment of risk for each of the
areas described. Similarly, the case examples provided may
not be representative of the most common cases in each
category. These limitations notwithstanding, we feel the
examples included here provide valuable insight into several
areas in which documentation issues can heighten physicians’
liability risks, guided by previous studies on this topic.

CONCLUSION

Risk of malpractice cases involving documentation can be
minimized by understanding common errors and practices that
lead to lawsuits. These errors are relatively easy to commit;
recognizing these potential pitfalls will not only decrease the
likelihood of a malpractice lawsuit but also decrease the risk
of contributing to an adverse patient outcome. Emergency
physicians can reduce their liability risks by relying less on
forms and templates and making a habit of documenting
discussions with the patient, recording others’ involvement in
patient care (a chaperone, consultant, trainee, etc.), addressing
other caregivers’ notes (triage, nursing, residents, etc.), paying
attention to accuracy of transcribed or dictated information,
avoiding judgmental language, and refraining from altering
patient charts. This case series is not meant to encourage
physicians to document more but rather more effectively,
highlighting specific parts of the chart that have historically
been problematic and may warrant more attention.
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INTRODUCTION

Emergency medicine (EM) has advanced profoundly since
its specialty recognition in 1979. As diagnosis and treatment
changes, payment restructures and best practices evolve.! We
drive these changes, impacting hospital throughput and revenue
to ensure quality emergency care. Our impact on the practice
of medicine depends on a body of knowledge, the “biology”
of emergency medicine.? From 2000 to 2010 the number of
emergency physicians (EP) increased more than in any other
specialty.® With estimates of over 48,000 EPs practicing in the
United States currently and continued opening of new residency
programs, multiple sources expect a 20-30% surplus of board-
certified emergency physicians by 2030.*° Presciently, a 1997
paper by Holliman et al predicted that the supply of emergency
doctors would equal demand in about 2020.°

In 2020, multiple EM organizations created a taskforce
to study the projected EM workforce oversupply.* The

Figure. A timeline of Emergency Medicine Milestones.
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considerations address issues related to who practices
emergency medicine (advanced practice providers, non-board-
certified physicians) and who manages emergency clinicians
(contract management groups, academic and hospital
systems). Only two offer non-zero sum approaches: broaden
the umbrella to expand emergency physician scope of practice
and expand the reach of emergency medicine to ensure that no
community is left behind.? This review aims to provide context
for the workforce dilemma by describing the evolution of the
scope of EM and possible future directions.

EMERGENCY MEDICINE PAST AND PRESENT

Care for the acutely ill and injured patient traces its roots
back thousands of years, but organized emergency medical care
blossomed in the late 20th century (Figure). Emergency medicine
became a medical specialty in response to several factors, chief
among them the presence of patients with increased mobility
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who required unscheduled care that the current system could not
accommodate (and increased financial support for these visits). A
group of pioneers founded the Emergency College of American
Physicians in 1968 in response to the need for physicians skilled
in managing emergency patients.” In 1970 Cincinnati opened the
first EM residency. In 1976, the American Board of Emergency
Medicine (ABEM) and the Society for Academic Emergency
Medicine originated. After the American Board of Medical
Specialties (ABMS) first voted 100 to 5 against our application
for specialty status (1977), emergency medicine was approved as
the 23" specialty in 1979.%

Leaders in EM have displayed innovation in approaching
challenges related to patient care and organizational structure.
The Rape of Emergency Medicine (1992) brought light onto
the problem of patient and physician harm by management
abuses.'” Decades later we contend with business interests
often superseding patient care and education, with the
explosion of hospitals and residency programs run by for-
profit entities. We have struggled to maintain the commitment
to quality training and patient care in a world of financial and
economic motivation.

The field of EM adapted to medical and technological
advances, resulting in diverse areas of focus that developed
from the bottom-up into ABEM subspecialities: 1990s, Pediatric
Emergency Medicine, Sports Medicine and Medical Toxicology;
2000s, Undersea and Hyperbaric Medicine, and Hospice and
Palliative Care Medicine; 2010s, Anesthesiology Critical
Care Medicine, Emergency Medical Services (EMS), Internal
Medicine-Critical Care Medicine, Pain Medicine, and the
focused practice designation in Advanced EM Ultrasonography. !
Subspecialities available to ABEM-certified physicians via
other ABMS boards include Addiction Medicine, Brain Injury
Medicine, Clinical Informatics, and Surgical Critical Care.

As the scope of EM continues to expand, our leaders can
directly modulate the trajectory of the specialty. In 2011, Brian
Zink wrote that EM “does not manage a specific disease,
but the time dependent exploration of and intervention in
the acute physical and/or psychological crises of humans.”
Emergency physicians have increasingly become the expert
acute diagnosticians. As the Model of the Clinical Practice of
EM has expanded, from 22'? pages to 42," we retain our focus
on the full spectrum of patient acuity, treating (a) critical, (b)
emergent, and (c) lower acuity patients.'

Many factors have driven the successful growth of EM:
the rise of hospital medicine; medical advances; improved
transport; specialization of workforce; effective emergency
treatments; efficiency and safety; and evidence-based
medicine.'* Emergency medicine is now practiced in greater
than 50 countries using many different models.”> Where our
specialty has strong representation, outcomes improve for
many illnesses: cardiac arrest; stroke; early analgesia; geriatric
care; substance use treatment; psychiatric emergency care; and
overall system efficiency.'*!® As Peter Cameron asserts, “EM
is a specialty for the 215 century'¥” because of our strengths in

systems thinking and evidence-based medicine.

FUTURE OF EMERGENCY MEDICINE

We agree with the ACEP Taskforce regarding the potential
to “broaden the umbrella” and “expand the reach” — not to solve
a workforce issue, but to embrace and deliberately shape the
natural history of our specialty. Emergency physicians should
continue to leverage our unique training to take ownership
of undifferentiated patients. This includes “owning more of
what we already do” (observation medicine, critical care,
sports medicine, emergency psychiatric care, ultrasound,
pediatrics, EMS, public health, etc) while also entering into new
realms (proceduralist medicine, correctional care, pandemic
preparedness, disaster medicine, rural medicine, pain/addiction,
informatics and more).* Below we offer a brief selection of
possibilities for expansion and new frontiers in EM (Table 1).

Education and Research

One cannot understate the importance of the academic
development of EM with residency education, clinical
quality assurance, and research. To discover and engage
new frontiers, we need qualified individuals, valued as
educators and researchers rather than solely for clinical
revenue generation. Although EM researchers gain a small
percentage of overall National Institutes of Health awards,
our principal investigators received almost $90 billion
from 2008 to 2017." Beyond growing and ensuring quality
education in EM, academic emergency physicians should use
their skills to educate and lead research in undergraduate and
graduate medical education. We can participate in preclinical
course instruction, simulation, academic administration, and
clerkships to provide foundational EM knowledge to future
physicians. Academic leaders in international EM devote time
and energy to the development of EM training programs and
health systems around the world.

Public Health

Emergency physicians represent the first and sometimes only
point of contact for large numbers of vulnerable individuals in the
US healthcare system. The ED’s original role as the safety net in
a complex medical system has sadly become more prominent and
important. Simple public-health interventions in the ED include
the standard screening for depression,'® domestic violence," and
sex and human trafficking.® The ED has for years attempted to
reach individuals in need of immunization,?' and now can play a
key role in COVID-19 vaccination.?

A 2009 EM publication called for more research, removal
of barriers, innovation based on local needs, and legislation
to improve incentives for large-scale community changes.”
Since then, research has covered screening for frailty and
fall risk in the elderly,* hypertension (with counseling/
education),”® and motivation to provide the many material
needs to address social determinants of health and disease
(housing, food insecurity, unemployment, etc.).?
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Table 1. Emergency Medicine Subspecialties and New Frontiers.

Current accredited subspecialties

Current unaccredited subspecialties

New frontiers

ABEM Subspecialties
* Anesthesiology Critical Care Medicine
» Emergency Medical Services
» Hospice and Palliative Care Medicine
* Internal Medicine-Critical Care Medicine
* Medical Toxicology
« Pain medicine
» Pediatric Emergency Medicine
* Sports Medicine
* Undersea and Hyperbaric Medicine

Subspecialties other ABMS Boards
» Addiction Medicine
* Brain Injury Medicine
e Clinical Informatics
e Surgical Critical Care

Administration/Operations/ Quality and Safety
Austere/Disaster medicine

Emergency Imaging

Geriatric Emergency Medicine
Global/Population Health and Social Medicine
Forensic Medicine

Health Policy / Public Health

Injury Control

International Emergency Medicine

Medical Education

Neurovascular and Stroke

Observation Medicine

Occupational and Environmental Medicine
Research

Resuscitation

Simulation Medicine

Correctional Medicine
Emergency Hospitalist
Medicine

Emergency Psychiatric
Medicine

Event Medicine
Healthcare Innovation
Patient Advocacy/Activism
EM Proceduralist

Rural Medicine
Substance Use Medicine
Wellness/Lifestyle Medicine

EM Focused Practice Designation » Telemedicine

* Tactical Medicine

» Emergency Medicine Ultrasonography * Wilderness Medicine
*  Women'’s Health

ABEM, American Board of Emergency Medicine; ABMS, American Board of Medical Specialties; EM, emergency medicine.

In the US, preventive healthcare in general receives
embarrassingly scant incentives ($1 of preventive care for
every $4 of treatment care).”” Focused training in public
health represents an EM niche with almost unlimited value
and reach. The COVID-19 pandemic has shown the potential
for emergency physicians to successfully influence the public
with health messaging and advising of government officials.

Telehealth

The COVID-19 pandemic has brought telehealth to the
forefront of medical innovation. Emergency medicine will
continue to embrace new technology both in clinical practice
and in training future physicians.”® Telehealth improves access
to medical services and has rapidly increased in EDs throughout
the US.?” While cost barriers exist, investment in these
technologies will have clear downstream benefits to patients.*
Specific telehealth certification for EPs would help confront the
legislative and litigative challenges. A 2015 systematic review
of telehealth applications in the ED found “overwhelmingly
positive” results in outcomes of technical quality, user
satisfaction, clinical processes, throughput, and disposition.*!

Administration

Emergency physicians thrive in stressful clinical
environments, managing unpredictability and making
important decisions with limited data. We work closely with
other physicians, understand patient flow into and out of
the hospital, implement strategies for efficient patient care,
understand technology and informatics, and can rapidly
determine what does and does not work at individual and
organizational levels. Who better to serve as leaders in

healthcare than those with knowledge and experiences from
the ground floor?

Emergency Geriatric Medicine

As the number of US residents aged 65 years and
older continues to grow, geriatric ED visits will continue to
increase.’>33 Development and optimization of guidelines,
physician training programs, and standards aimed at
improving care for geriatric patients must be prioritized.**
Special training in Geriatric Emergency Medicine would
incorporate clinical skills related to injury prevention/fall
assessment, indwelling devices, medication management,
delirium and dementia, and palliative care.>*

Emergency Medical Services

Well-established in medical direction roles with EMS,
EPs now experiment with paramedicine to reach patients (for
vaccination, buprenorphine treatment, preventive medicine)
who have difficulty obtaining transport to healthcare services
that are often completely absent in their communities. The role
of EMS in addressing geographical healthcare disparities and
social determinants of disease will expand in the next 10 years.

Emergency Hospitalist Medicine

Internal Medicine-trained hospitalists manage hospital
observation units, which optimize resource utilization.*> Despite
overlap in clinical duties, internal medicine hospitalists and EM
physicians do not regularly collaborate, missing the potential for
enhanced patient care and even revenue generation.*® Emergency
physicians and hospitalists could collaborate to manage short-
stay patients and even train EM residents who have interest
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in observation or inpatient medicine.”” By improving patient
care quality and streamlining hospital flow, we could solve the
crowding issue from within our specialty.

Rural Medicine

The physician oversupply issue predominates in urban areas,
where 92% of EPs are employed, leaving rural EDs still largely
underserved.*® Rural hospitals are closing at an alarming rate,
potentially leaving 60 million people without adequate care.* As
clinicians who manage rural EDs age and retire, more rural areas
will become “emergency physician deserts.”® One-fifth of the
US population resides in rural areas, but EM residents receive
very little dedicated training.** As Hill et al noted in the Journal
of Emergency Medicine, “It is commonplace for programs not
based in a Level I trauma center to send residents to an off-site
rotation for trauma education. Why aren’t we doing the same for
rural education? Emergency medicine-primary care partnership
models could address rural populations’ health needs.*! Increased
presence of EPs in rural communities could alleviate our
workforce concerns and treat the impending shortage of primary
care physicians.

Substance Use Disorder and Homelessness

As the healthcare gateway and often only point of contact,
EPs should have optimal training to identify, treat, and refer
patients with substance use disorder.* Facing all-time highs
in overdose deaths,* EPs well connected with addiction
services can combat the opioid and polysubstance use crises.
Current fellowships in toxicology, pain control, and addiction
medicine provide training for proficiency. The over three
million homeless US residents* are under-recognized in the
ED and have unique needs unmet within the current models of
emergency care.* Having frequent encounters with homeless
individuals,** EPs can manage medical concerns while
attempting to connect them with community resources.

Wellness/Lifestyle Medicine

Emergency physicians are satirically portrayed as the
“healthy doctors,” with multiple, often physically demanding
habits and hobbies. We may be the ideal specialty to practice
Lifestyle Medicine (which now has an active American Board
of Lifestyle Medicine*). Entreprencurial EPs already provide
health optimization care in many locations in the country.
Patients lost in the US “sick-care system” crave physicians who
take care of their own health. Emergency physicians are clear
candidates to assume wellness leadership roles in organizations
(eg, Chief Wellness Officer).

OBSTACLES

We were voted down on our first application for board
status and our first application for primary board status.
As EM continues its expansion, leaders will meet more
challenges. Medicine represents a “wicked domain” where,
unlike predictable rule-based domains (golf, chess), there is

no causal structure, and we encounter tradeoffs. Generalists
or “integrators” can step outside of the model more easily,
grafting insights from one domain to use in another.*’

Emergency medicine was not created by individual
physicians, scientists, or health professionals. It was pulled
into existence by the public itself and by the pathologies that
for decades had fallen through the cracks in our system. Our
success in the past 50 years reveals that EM is truly a different
paradigm in medical practice and scientific thinking. Every new
paradigm emerges from the pressure of unexplained, untreated,
undescribed phenomena that the old one cannot explain.

We have now become the safety net not just for patients, not
just for specialists, not just for the holes in our medical system,
not just for the holes in our entire socioeconomic model, but also
for the holes in our entire medical philosophy. By thoughtfully
expanding into new niches, we broaden, rather than narrow, our
scope. We discover obstacles to quality patient care and provide
the missing components. As we overcome challenges, we must
maintain balance: expand our abilities but on the foundation
of fundamentals. It would be a mistake to let economics and
workforce oversupply drive the evolution of our specialty.

CONCLUSION

A career in EM provides a rewarding balance of risk,
decision-making, and compassionate care for patients.*® As
integrators constructing the future of EM, we can recognize
limitations and look ahead with hope to an intelligent
expansion. An early critic of EM said, “Emergency medicine is
not a specialty, it is a location.” Let’s prove him wrong with a
willingness to define ourselves not by the location in which we
practice, but by the special, generalist care we deliver. While
we contemplate expansion beyond the department, we must call
for increased resources within the walls of the ED, with optimal
staffing, reimbursement, and empowerment. Years ago, another
critic said, “Emergency medicine is pointing in a very wrong
direction which is bound to fail.”* Whatever direction we are
heading, let’s work together to guarantee success.
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Introduction: The use of the emergency department (ED) has been increasing, and many visits occur
for non-urgent conditions. A similar trend was found among adult visits to the ED for ocular conditions.
In this study we analyzed the impact of sociodemographic factors, presentation timing, and the
COVID-19 pandemic on pediatric ED (PED) encounters for ophthalmologic conditions. It is important to
identify the multifold factors associated with overutilization of the ED for non-urgent conditions. Caring
for these patients in an outpatient clinical setting is safe and effective and could decrease ED crowding;
it would also prevent delays in the care of other patients with more urgent medical problems and lower
healthcare costs.

Methods: We retrospectively reviewed electronic health records of PED ocular-related encounters at
two children’s hospitals before (January 2014-May 2018) and during the COVID-19 pandemic (March
2020-February 2021). Encounters were categorized based on the International Classification of
Diseases codes into “emergent,” “urgent,” and non-urgent” groups. We analyzed associations between
sociodemographic factors and degrees of visit urgency. We also compared visit frequencies, degrees of
urgency, and diagnoses between pre-pandemic and pandemic data.

Results: Pre-pandemic ocular-related PED encounters averaged 1,738 per year. There were highly
significant sociodemographic associations with degrees of urgency in PED ultilization. During the
12-month pandemic timeframe, encounter frequency contracted to 183. Emergent visits decreased from
21% to 11%, while the proportions of urgent and non-urgent encounters were mostly unchanged. The
most common pre-pandemic urgent diagnosis was corneal abrasion (50%), while visual disturbance was
most common during the pandemic (92%). During both time periods, eye trauma was the most frequent
emergent encounter and conjunctivitis was the most common non-urgent encounter.

Conclusion: Sociodemographic factors may be associated with different types of PED utilization
for ocular conditions. Unnecessary visits constitute major inefficiency from a healthcare-systems
standpoint. The marked decrease in PED utilization and differing proportions of ocular conditions
encountered during the pandemic may reflect a decrease in incidence of many of those conditions
by social distancing; these changes may also reflect altered parental decisions about seeking care.
[West J Emerg Med. 2022;22(3)424—-431.]
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INTRODUCTION

Emergency departments (ED) provide acute and after-
hours care to millions of Americans each year. Patients’ use
of EDs has risen rapidly from 108 million visits in 2000
to 130 million in 2010."' In 2015, over 16% of children in
the United States visited an ED at least once.>* A 2013
systematic review by Uscher-Pines et al reported that nearly
40% of all ED visits occurred for non-urgent medical
conditions.* Studies demonstrate several characteristics
associated with this type of ED use including younger age,
Black race, and lower patient income.*

Channa et al reported a similar trend within the field
of ophthalmology. Using the US Nationwide Emergency
Department Sample, they found that over 40% of ED visits
for ocular conditions were non-urgent.’ Additionally, Stagg et
al investigated factors affecting adult patient visits to several
EDs for ocular conditions,® concluding that nearly one-quarter
presented for non-urgent ocular problems. These encounters
shared similarities with non-ophthalmological, non-urgent
medical conditions, as they were more commonly associated
with younger age groups, Black and Hispanic populations,
lower income, and male gender.

There is no robust literature describing the
characteristics of pediatric patients receiving emergency
eye care, based on electronic health records (EHR)
data for ocular conditions. When our study was nearing
completion, an unanticipated event presented a unique
opportunity. First identified in December 2019, coronavirus
disease 2019 (COVID-19) rapidly spread across the globe.
Implementation of stay-at-home orders along with school
and workplace closures significantly altered families’ daily
routines. Given this situation, we extended our study to
examine whether the COVID-19 pandemic affected the
etiologies of ocular conditions and perceptions of urgency
leading to PED visits.

METHODS
Data Source

The EHR dataset of our institution contains information
on ED encounters including > 1 International Classification
of Diseases, 9" and 10" revisions, Clinical Modification
(ICD-9-CM and ICD-10-CM) as the primary diagnosis
for ED visits. We included in the pre-pandemic dataset all
patients < 21 years who presented to our PEDs in Delaware
and Florida between January 1, 2014-May 31, 2018, while
March 1, 2020-February 28, 2021 constituted the pandemic
dataset. We searched records using ICD-9-CM and ICD-
10-CM codes denoting diseases of the eye and adnexa, and
eye trauma. For each patient encounter, we had access to
medical records for ocular and non-ocular conditions as well
as sociodemographic information including age, gender,
race, ethnicity, and insurance type. We stratified patient
age groups according to parameters described in recent
literature” with adjustment as follows: neonates (less than

Population Health Research Capsule

What do we already know about this issue?
Emergency department (ED) visits have been
increasing, and many are for non-urgent
conditions. A similar trend was found among
adults visiting EDs for eye diseases.

What was the research question?

What are the factors related to pediatric ED
visits for non-urgent ophthalmic conditions
before and during the COVID-19 pandemic?

What was the major finding of the study?
ED visits for eye complaints declined 89.5%
during the pandemic year period.

How does this improve population health?
Caring for non-urgent conditions at outpatient
clinics is safe and effective. It may prevent
ED crowding and delayed care for urgent
conditions, and decrease healthcare costs.

one month); infants (one month up to one year); preschool
(one year up to five years); school age (5 -13 years); and
teen (13 years or greater).

The institutional review board of our institution
approved this study.

Reasons for Visits to the Emergency Department for
Ocular Conditions

Recently, Stagg and colleagues classified ocular
conditions with ICD-9-CM codes into three categories:
“non-urgent;” “urgent;” or “other.”® Prior to data analysis,
our panel of pediatric ophthalmologists modified these
criteria and defined ophthalmological diagnoses as “non-
urgent,” “urgent,” or “emergent.” “Non-urgent” conditions
were unlikely to affect visual acuity or cause considerable
discomfort necessitating urgent medical attention. Patients
with non-urgent conditions could seek care safely in
outpatient office settings. “Emergent” ocular conditions
(ie, eye trauma) were sight- or life-threatening and
associated with decreased visual acuity, caused severe
pain, or constituted an indication for immediate surgical
intervention. This definition was synonymous with the
“urgent” classification found in the Stagg study. We
classified the remaining ocular conditions as “urgent,”
a group similar to Stagg’s “other” category. An example
diagnosis within this group is corneal abrasion, which,
despite quick healing without sequelae, causes intense
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pain and occasional blurred vision that may reasonably
justify a visit to the ED.

Table 1 lists the most frequent ocular diagnoses and
associated ICD-9-CM and ICD-10-CM codes captured in
this study. When an encounter had multiple diagnoses, it
was classified by that of highest acuity. Finally, for those
with multiple visits we classified each visit for that patient
individually based on diagnoses. We also explored other
variables including encounter date and time to assess whether
accessibility to outpatient care and seasonal variations affected
our data.

Data Analyses

For the pre-pandemic data, we analyzed univariate
associations of demographic factors with the urgency of the
PED visits by cross-tabulation and the Pearson chi square
test. Multivariate associations were assessed by multinomial
logistic regression. We developed two models: 1) comparing
urgent visits with non-urgent visits; and 2) comparing emergent
visits with non-urgent visits. The following covariates were
included initially in both models: age group; gender; payer;
race/ethnicity; state; and all their second-order interactions.
Final models were constructed after excluding covariates and
interactions that did not retain significance at the P < 0.05 level.
We calculated adjusted odds ratios (aOR) and 95% confidence
intervals (CI). Hypothesis testing was performed using a Type
T Wald chi-squared statistic. Model fit was analyzed with

the Hosmer-Lemeshow test, and model discrimination was
determined with the C-statistic. We performed a complete-case
analysis. Only first visits for each patient were analyzed to
maintain independence of observations.

Only descriptive data are presented for the pandemic
dataset due to the small number of observations. Data were
securely compiled in Excel (Microsoft Corporation, Redmond,
WA) and analyzed using RStudio (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

In the pre-pandemic epoch, 7077 patients visited our
PEDs 7675 times with ophthalmologic complaints, comprising
1.9% of total PED visits (Figure A). During this period, the
total number of visits to the PED increased year by year;
however, visits due to ocular conditions remained constant at
approximately 2%. Throughout the pandemic period, the total
number of PED visits decreased to 60% of the pre-pandemic
average annual PED visit rate (Figure B). Visits due to ocular
conditions decreased to 0.34% (P = 0.002).

Pre-Pandemic Characteristics of Enrollees Seeking Care in
a Peds ED for Ocular Conditions

Sample characteristics and their univariate associations
with visit urgency are presented in Table 2. All factors were
highly associated with certain levels of urgency except office
hours. Urgency increased with patient age. White children had

Table 1. International Classification of Diseases codes used to define urgency categories of ocular diagnoses made during emergency

department visits.

Ocular diagnosis ICD-9-CM ICD-10-CM
Emergent
Eyebrow laceration 873.42 S01.81XA
Eye injury/trauma 871.9 S05.90XA
918.9
Eyelid laceration 870.0 S01.119A
870.2
Urgent
Corneal abrasion 918.1 S05.00XA
Eye pain 379.91 H57.10
Visual disturbance 368.8 H53.8
Contusion of eye area 921.0 S00.10XD
921.1
Non-urgent
Conjunctivitis 372.30 H10.9
372.39 H10.89
Hordeolum 373.11 H00.01
Edema of eye area 374.82 H02.849

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; /CD-10-CM, International Classification of

Diseases, 10th Revision, Clinical Modification.
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A 393,235
For non-ocular 1649
400,910 conditions Emergent
Total PED visits
7675 (1.9%) 1417
For ocular conditions Urgent
4609
Non-urgent
B
54,300
For non-ocular 20
54,484 conditions Emergent

Total PED visits

36
Urgent

183 (0.34%)

For ocular conditions

127
Non-urgent

Figure. Visits to the pediatric emergency departments (PED).
Number of visits January 1, 2014—May 31, 2018 (A), and March 1,
2020-February 28, 2021 (B).

proportionately more urgent visits. Males had more urgent
visits than females. Commercially insured children were
far more likely to visit for urgent and emergent indications
compared with children who had public insurance or no
insurance. Visits to the Delaware ED were generally more
urgent than visits in Florida.

To learn whether our study population differed from the
residents of the communities surrounding our hospitals, we
compared our dataset with local population race/ethnicity
information in the US Census Bureau database. Our patients in
the non-urgent visit category had a lower proportion of White
patients (35.6%) than the proportion of White inhabitants
seen within the catchment areas (49.8%). The proportions of
patients who self-identified as Black (32.8%) and Hispanic
(24.2%) were greater than those of the local populations
(26.1% and 20.2%, respectively).

Multivariate Analysis of Pre-Pandemic Encounter Urgency
Multivariate associations of demographic factors with
urgent and emergent visits are presented in Table 3. Table 3a
compares urgent encounters with non-urgent encounters. Table
3b compares emergent encounters with encounters of lesser
urgency. All factors significantly associated with encounter
urgency in the univariate analysis retained significance in the
multivariate models._The urgency of ED encounters increased in
a monotonic fashion with patient age. Urgent encounters were
most frequent for commercially insured patients. White patients
from Delaware were much more likely to visit for urgent and
emergent reasons than patients of other races/ethnicities in
Delaware and all patients in Florida. Black patients in Florida

had more frequent urgent and emergent visits than Black
patients in Delaware. The opposite was true for Hispanic
patients. Patient gender did not retain a significant association
with visit urgency in multivariate analysis.

Pre-Pandemic Repeat Peds Emergency Department Visits
for Ocular Conditions

Of the 7,077 patients who visited the PED for ocular
problems in the pre-pandemic period, 500 (7.1%) visited the
PED more than once for ophthalmologic conditions (Table 4).
First and second visits for patients who frequented the ED often
shared the same ophthalmological diagnosis if the duration
between visits was less than 14 days. As a group, rapid second
return visits were associated with lower acuity compared with
first visits. Second visits occurring after a longer interval (>14
days) were more likely to be associated with higher acuity/
urgency compared with corresponding first visits.

Comparison of Ocular Conditions in PED Encounters
Before and During the Pandemic

Rates of PED encounters for ocular conditions during the
pandemic were far lower than pre-pandemic rates, but not all
conditions were equally affected. In Table 5, average annual
pre-pandemic rates are compared with actual encounters
during the pandemic year for each of the more common
conditions. The differences between pre-pandemic averages
and actual pandemic encounters are tabulated as “missing
encounters.” Emergent ocular conditions were all comparably
decreased. Urgent encounters were almost eliminated except
for encounters for visual disturbances, which appeared
unaffected. Observations regarding non-urgent conditions
were mixed: encounters for conjunctivitis were greatly
diminished and disappeared entirely for eye area edema.
Encounters for hordeolum were not affected.

DISCUSSION

The COVID-19 pandemic presented an unprecedented
circumstance affecting all Americans, altering the types and
frequencies of ocular conditions presenting to our PEDs.
Marked reductions in overall PED encounters were observed
once the declaration of national emergency occurred. Our
detailed characterization of pre-pandemic ocular-related
PED visits serves as a basis for discussion on the effects of
the pandemic. In the pre-pandemic epoch, there were over
7000 encounters within our PEDs for ocular problems, which
increased in both locations year by year. These represented
2% of all PED visits throughout the study period.
Approximately 60% of these encounters were classified for
non-urgent ophthalmological conditions.

Sociodemographic Factors and Urgency of Pediatric
Emergency Department Encounters

In multivariate analysis, demographic factors including
younger age, Black race, Hispanic ethnicity, and use of public
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Table 2. Sample characteristics in relation to urgency of emergency department visit.
Factor Level Non-urgent Urgent Emergent Total P-value
Age group < 0.001
Neonate 656 (82) 251 (12) 48 (6) 801
Infant 123 (91) 9(7) 3(2) 135
Preschool 2,413 (65) 485 (13) 800 (22) 3,698
School 1,111 (50) 570 (26) 530 (24) 2,213
Teen 304 (37) 251 (30) 273 (33) 828
Race <0.001
White 1,643 (50) 747 (23) 928 (28) 3,318
Black 1,509 (68) 329 (15) 379 (17) 2,219
Hispanic 1,114 (71) 229 (15) 229 (15) 1,572
Other/unknown 341 (60) 107 (19) 118 (21) 566
Gender <0.001
Female 2,165 (65) 612 (18) 561 (17) 3,339
Male 2,441 (56) 800 (18) 1,093 (25) 4,335
Payer <0.001
Commercial 1,007 (39) 672 (26) 916 (35) 2,595
Public/none 3,600 (71) 740 (15) 738 (15) 5,080
Hospital < 0.001
Delaware 2,875 (57) 974 (19) 1,194 (24) 5,045
Florida 1,673 (66) 422 (17) 427 (17) 2,522
Office 0.35
Open 1,286 (58) 438 (20) 502(23) 2,236
Closed 2,886 (59) 896 (18) 1,069 (22) 4,851

Values are counts (percentages). All factors were highly associated with visit urgency except office hours.

health insurance or no insurance were positively associated
with PED encounters for non-urgent ocular conditions.

These findings are consistent with the adult ED literature.®
The association of age with encounter urgency likely reflects
several factors. High parental anxiety may account for the
low average urgency of PED encounters in the neonatal and
infant age groups. McDermott et al reported that increasing
prevalence of traumatic conditions among older children may
contribute to the trend toward higher urgency among older
patients; our observations corroborate this conclusion.? In
discordance with expectations based on existing literature,
male gender was not associated with visit urgency in
multivariate analysis. Previous studies revealed 65% of all eye
injuries and 75% of sports and recreation-related eye injuries
presenting to the ED were seen among male pediatric and
adolescent patients.’

Our observations of the effects of race, ethnicity, and
healthcare payer are consistent with many previous reports
of ED resource utilization. Stagg et al demonstrated that
less affluent patients and ethnic minorities are more likely to
present to the ED for non-urgent ocular problems regardless

of insurance status.® Outside the field of ophthalmology,
McDermott et al reported that Medicaid is the expected
primary payer for more than 60% of PED encounters,

and other authors note the association of low income

and Black race with ED utilization.*'*!" Explanations for
these associations are likely multifactorial. Patients of
lower socioeconomic status may lack access to outpatient
ophthalmology clinics. A lack of understanding about which
symptoms require urgent attention may also play a role.
Parental assessment of medical conditions can be especially
difficult with young children, but the current analysis did
not demonstrate any interaction between healthcare payer
and age group. Other potential reasons for use of the

PED over outpatient options may include absence of an
established pediatric medical home and challenges with
public transportation.

Time and Urgency of Pediatric Emergency Department

Encounters

We hypothesized that low-urgency encounters would
be more frequent outside regular clinic office hours. Work

Western Journal of Emergency Medicine 428

Volume 23, no. 3: May 2022



Jin et al.

Pediatric ED Visits for Eye Conditions Before and During COVID-19

Table 3a. Multinomial logistic regression modeling the probability of “urgent” visits.

Covariate Levels aOR (95% Cl) P-value
Intercept 1.040 (0.833 — 1.299) 0.73
Age
Neonate 0.191 (0.144 — 0.253) < 0.001
Infant 0.095 (0.047 — 0.192) < 0.001
Preschool 0.262 (0.215-0.321) < 0.001
School 0.618 (0.505 - 0.758) < 0.001
Teen reference
Payer
Public/none reference
Commercial 2.289 (1.989 — 2.634) <0.001
Race-state
White — DE reference
Black — DE 0.454 (0.378 — 0.545) < 0.001
Hispanic — DE 0.451 (0.353 — 0.574) < 0.001
Other/unknown — DE 0.545 (0.393 — 0.756) < 0.001
White — FL 0.553 (0.453 — 0.674) <0.001
Black — FL 0.632 (0.437 — 0.915) 0.015
Hispanic — FL 0.379 (0.295 — 0.487) <0.001
Other/unknown — FL 0.521 (0.363 — 0.748) < 0.001
Hosmer Lemeshow x2 = 7.9872, df = 8; P = 0.435; c-statistic = 0.66 (0.65-0.68).
ClI, confidence interval; DE, Delaware; FL, Florida; aOR, adjusted odds ratio.
Table 3b. Multinomial logistic regression modeling the probability of “emergent” visits.
Covariate Levels aOR (95% Cl) P-value
Intercept 1.019 (0.818 — 1.269) 0.87
Age
Neonate 0.090 (0.064 — 0.128) <0.001
Infant 0.031 (0.010 — 0.100) <0.001
Preschool 0.409 (0.367 — 0.496) <0.001
School 0.539 (0.439 - 0.662) <0.001
Teen reference
Payer
Public/none reference
Commercial 3.091 (2.704 — 3.534) <0.001
Race-state
White — DE reference
Black — DE 0.432 (0.363 — 0.514) <0.001
Hispanic — DE 0.405 (0.319 - 0.513) <0.001
Other/unknown — DE 0.455 (0.332 - 0.623) <0.001
White — FL 0.466 (0.385 — 0.565) <0.001
Black — FL 0.524 (0.362 — 0.758) <0.001
Hispanic — FL 0.319 (0.249 - 0.409) <0.001
Other/unknown — FL 0.412 (0.287 — 0.591) <0.001

Hosmer Lemeshow x2 = 5.1897, df = 8; P = 0.737; c-statistic = 0.70 (0.69-0.72).
Cl, confidence interval; DE, Delaware; FL, Florida; aOR, adjusted odds ratio.
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responsibilities of parents and families may make scheduling
appointments during ophthalmology clinic hours impossible.
During the pre-pandemic epoch, weekday clinic hours were
not associated with overall frequency of encounters for
ocular conditions. However, during holidays and weekends,
a significantly higher proportion of PED encounters for non-
urgent ocular conditions occurred.

Repeat Encounters

In the pre-pandemic epoch, approximately 7.1% of
patients in our study visited more than once for ocular
conditions. Over 50% of second return encounters occurred
within five days of the first. Conjunctivitis was the most
frequent cause for all PED encounters and constituted the
reason for more than 70% of non-urgent encounters. The
natural course of infective conjunctivitis is approximately 14
days;'? parental impatience with the pace of recovery could

Table 4. Comparative urgency of first and second visits.

account for repeat visits. Patient and provider education may
reduce rates of return encounters.

Interpretation of Pandemic Encounter Data

The COVID-19 pandemic altered the patterns of family
life in profound ways, and it may have affected parental
decisions about the urgency of children’s medical conditions
and risk for a visit to PED. Both factors may be reflected
within our dataset. Traumatic ocular conditions essentially
vanished from the PED during the pandemic. These changes
undoubtedly reflect the suspension of athletic activities and
decreased outdoor play with children from other families.
Conjunctivitis almost disappeared from our PEDs as well.
The closure of childcare facilities likely interrupted the
transmission of this highly contagious disease. Conversely,
visits for visual disturbances and hordeolum continued at
low but steady rates, seemingly unaffected by the pandemic.

Factor Category Non-urgent (%) Urgent (%) Emergent (%) Total P-value
Repeat visit order < 0.001
First 4,172 (59) 1,334 (19) 1,571 (22) 7,077
Second 370 (74) 64 (13) 66 (13) 500
Interval Greater Lesser Same Total <0.021
<14 days 7 (6) 15 (13) 96 (81) 118
Longer 58 (15) 56 (15) 268 (70) 382

Table 5. Pediatric emergency department encounters for ocular conditions before and during the COVID-19 pandemic by urgency

and condition.

Average annual

“Missing” encounters

Urgency Condition pre-pandemic encounters Pandemic encounters (% of expected)
Emergent
Eyebrow laceration 178 7 171 (96)
Eye injury/Eye trauma 81 77 (94)
Eyelid laceration 78 5 73 (94)
Urgent
Corneal abrasion 178 176 (99)
Eye pain 39 39 (100)
Visual disturbance 30 33 None
Contusion of eye area 20 0 20 (100)
Non-urgent
Conjunctivitis 815 76 739 (91)
Hordeolum 86 50 36 (42)
Edema of eye area 47 0 47 (100)
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Operational Implications

Most of the urgent and non-urgent conditions tabulated
in this study could have been managed in the ophthalmology
office with better stewardship of material and personnel
resources. Stagg et al suggests incentivizing eye care
physicians to offer after-hours eye care clinics as a possible
solution.® Utilization of teleophthalmology for triage of
patients with eye conditions could reduce the number of
unnecessary ED visits for ocular problems. Multidisciplinary
case management efforts directed at frequent ED visitors
may also reduce low-acuity encounters. Unnecessary PED
visits for conjunctivitis, by far the most common diagnosis
in this study, might be addressed by education to enhance
the confidence of parents and primary care physicians in the
management of this condition.

LIMITATIONS

Our study, the first of its kind, was based on the EHR of
a large, geographically diverse children’s healthcare system.
Clinical as well as administrative data were accessible, and
our observations are likely generalizable. The large sample
size for the pre-pandemic epoch allowed for modeling to
account for associations between encounter urgency and a
variety of covariates.

The highly significant interaction between race/ethnicity
and state in the pre-pandemic epoch is unexplained. It likely
reflects referral patterns and local availability of alternative
sources of care. The Delaware ED has a fairly distinct
catchment area between Philadelphia and Baltimore. The
Florida ED is relatively close to two other institutions offering
pediatric emergency services. Further exploration of this
interaction might reveal important disparities in access to
primary and specialty care, but a population-based study of
regional demographics and clinicians was far beyond the
scope of the current project.

The decrement in PED encounters for ocular conditions
during the pandemic precluded statistical analysis. Only
qualitative comparisons with our extensive pre-pandemic
dataset were possible. The data for our study was identified by
diagnosis codes generated by clinicians in the ED. Most cases
were not confirmed by eye care professionals, and full medical
records were not reviewed in detail.

CONCLUSION

Before and during the COVID-19 pandemic,
approximately 60% of patients visiting our pediatric
emergency departments for ocular complaints received non-
urgent diagnoses. Our analyses indicated that younger age
groups, Black patients, Hispanic patients, and families with
public health insurance or no insurance were more likely to
visit the PED for a non-urgent eye condition. Policymakers,
insurers, healthcare administrators, and clinicians should focus
future efforts on directing patients with non-urgent ocular
diagnoses to other settings besides the PED.
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COVID-19-related scientific literature.

[West J Emerg Med. 2022;22(3)432—438.]

Introduction: Coronavirus disease 2019 (COVID-19)-related articles published in emergency
medicine (EM) journals provide insight into the responses of EM researchers and journal editors
globally to a newly emerging infectious disease. We studied trends in the number, types, and
national origins of COVID-19 literature published in EM journals to investigate knowledge
transmission via scientific publication during the pandemic.

Methods: This was a retrospective observational study. The EM journal list was adopted from the
2019 Journal Citation Reports. We retrieved data from the SCOPUS database, limited to publication
year 2020, and identified COVID-19 publications when the title, abstract, or keywords included
“‘COVID” or “SARS.” The outcome measurements were as follows: 1) monthly COVID-19 publication
numbers in EM journals; 2) the percentage of COVID-19 published literature in terms of total journal
publications; 3) the countries, affiliations, and authors of COVID-19-related publications; 4) the
differences in the proportions of “Articles” and “Letters” between COVID-19 and non-COVID-19
publications; and 5) the total, average, and maximum number of times cited for different types of

Results: We retrieved a total of 7,457 published papers from 31 EM journals. There were 765
(10.26%) COVID-19-related publications in 27 journals contributed by 67 countries; the first authors
were from 49 countries. The monthly COVID-19 publication numbers in the categories of “Letters”
and “Articles” were nearly equal before July 2020. The yearly proportions of COVID-19-focused
articles and letters were 48.8% and 29.9%, respectively, while non-COVID-19 proportions were
72.1% and 9.8%, respectively. The chi-squared statistic of the differences between the numbers of
articles and letters in COVID-19 and non-COVID-19 published research was significant (P < .001).

Conclusion: An analysis of COVID-19 publications in EM journals indicated that, in the early stage
of a newly emerging infectious disease, the number of letters and articles increased simultaneously.
The proportion of COVID-19-focused letters was higher than those published on other topics. The
“Article” and “Review” category of COVID-19 research was cited more times than that of “Letters.”

INTRODUCTION

The World Health Organization (WHO) issued a media
statement on cases of “viral pneumonia” reported by the
Municipal Health Commission of Wuhan, People’s Republic
of China, on December 31, 2019.! The WHO Director-
General declared the coronavirus disease 2019 (COVID-19)

outbreak a public health emergency of international concern
(PHEIC), the highest level of alarm, on January 30, 2020."
One year after the PHEIC declaration, the global number of
COVID-19 cases exceeded 100 million on January 28, 2021. 2
The COVID-19 pandemic has imposed an enormous strain on
global healthcare systems, especially on frontline workers in
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emergency departments (ED).>* The pandemic affects clinical
practice, medical education, and academic publications.>®
COVID-19-related publications in emergency medicine (EM)
journals provide insights into the responses of EM journals
and researchers to a newly emerging infectious disease.
Interactions between the emerging disease, EM researchers,
and journal editorial boards revealed the process of knowledge
transmission from the perspective of the scientific publication
format during the COVID-19 pandemic. This will be of
interest to future researchers and journal editors.

In this study we investigated trends of COVID-19-
related publications in EM journals in 2020 by evaluating the
publication numbers, type, country of authorship, affiliation,
authors, and the number of times cited. Our goal was to
facilitate knowledge transfer by guiding researchers who aim
to submit COVID-19-related research.

METHODS
Study Design and Setting

This was a retrospective observational study. As no
human subjects were involved, we received a waiver from
our institutional review board. The EM journal list was
adopted from that of the 2019 Journal Citation Reports (JCR)
(Appendix 1).” We retrieved the publication data from the
SCOPUS database.® Journals that were not indexed in the
SCOPUS database were accessed via PubMed.’

Publication Selection

We defined COVID-19-related publications as those in
which the title, abstract, or keywords included “COVID”
or “SARS.” The EM journals were those categorized in the
2019 JCR, and the publication year was limited to 2020. The
publication types were adopted from the classification of the
SCOPUS database. We defined the country of origin by the
nationality of the first author. Author affiliations and details
were retrieved by searching SCOPUS.

We retrieved all EM journal publications and COVID-
19-focused publications from the SCOPUS database on
December 25, 2020, using each journal’s International
Standard Serial Number (ISSN). The search terms for
COVID-19-related publications and total EM journal
publications are listed in Appendix 2. Information on the
journals, first-author nationalities, number of times cited, and
publication types were recorded.

Outcome Measurements

The primary outcomes of this study were the
chronological trends in COVID-19 commentary and research
of different types, which indicated the response times of
researchers and EM journals to a newly emerging infectious
disease from the perspective of academic research. The
secondary outcome measurements were as follows: 1)
monthly COVID-19 publication numbers in EM journals;
2) percentages of COVID-19-focused publications in terms

Population Health Research Capsule

What do we already know about this issue?
The COVID-19 pandemic has affected many
aspects of the medical community, including
clinical practice, medical education, and
published research.

What was the research question?

What were the impacts of COVID-19 on
published scientific literature in EM journals
in 2020?

What was the major finding of the study?
We identified trends in the number and types of
publications, authorship, and citations.

How does this improve population health?
This study guides researchers on how to
facilitate knowledge transfer via scientific
publication during a pandemic.

of total journal publications; 3) the leading countries,
affiliations, and authors in terms of COVID-19 publication
numbers; 4) differences between the proportions of “Articles”
and “Letters” in COVID-19 and non-COVID-19 published
literature; and (5) total, average, and the maximum number of
times cited for the different types of COVID-19 publications.

Analysis

We analyzed the distributions of publication numbers
and the number of times cited using descriptive statistics. The
differences between the numbers of “Articles” and “Letters”
of COVID-19-focused and non- COVID-19 publications
were analyzed with the chi-squared statistic. We performed
all analyses using SAS statistical software version 9.2 (SAS
Institute, Cary, NC).

Patient and Public Involvement
No patients were involved in this study.

RESULTS

We retrieved a total of 7,457 publications in 2020 from 31
EM journals. There were 765 COVID-19- related publications
in 27 journals (10.26% of a total of 31 EM journal
publications, 10.63% of 27 journals publishing COVID-19
publications). The monthly COVID-19 publication numbers in
27 EM journals are shown in Table 1. The American Journal
of Emergency Medicine (AJEM) published the most COVID-
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Table 1. Monthly COVID-19 publication numbers in 2020 in emergency medicine journals (listed in alphabetical order).
Journal % of
total total
In publica- publica-
Journals Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Press Total tions tion

Academic 0 0 0 4 2 5 4 9 5 3 7 4 1 44 309 14.2%
Emergency
Medicine
American Journal 0 0 0 0 0 1 25 1 6 20 10 9 111 183 1165 15.7%
of Emergency
Medicine
Annals of 0 0 0 0 0 5 3 0 4 13 3 5 4 37 421 8.8%
Emergency
Medicine
BMC Emergency 0 0 0 0 0 0 0 0 0 1 0 2 0 3 95 3.2%
Medicine
Canadian Journal 0 0 0 0 0 0 13 0 15 0 7 0 4 39 193 20.2%
of Emergency
Medicine
EMA - 0 0 0 0 0 2 0 8 0 11 0 9 9 39 280 13.9%
Emergency
Medicine
Australasia
Emergencias 0 0 0 0 0 5 0 14 0 5 0 10 0 34 131 26.0%
Emergency 0 0 0 0 0 4 11 5 4 5 5 3 12 49 239 20.5%
Medicine Journal
European Journal 0 0 0 0 0 7 0 0 0 0 0 0 8 15 138 10.9%
of Emergency
Medicine
European Journal 0 0 0 0 0 3 0 4 0 1 0 0 5 13 405 3.2%
of Trauma and
Emergency
Surgery
Hong Kong 0 0 0 0 0 0 0 0 2 0 1 0 2 5 129 3.9%
Journal of
Emergency
Medicine
Injury 0 0 0 1 1 2 5 3 0 7 1 6 3 29 840 3.5%
Journal of 0 0 0 0 1 0 2 0 2 2 7 5 7 26 512 5.1%
Emergency
Medicine
Journal of 0 0 0 0 0 0 0 0 2 0 5 0 1 8 164 4.9%
Emergency
Nursing
Notarzt 0 0 0 0 0 1 0 1 0 2 0 0 0 4 64 6.3%
Notfall und 0 0 0 0 2 8 0 4 2 0 1 3 5 25 155 16.1%
Rettungsmedizin
Pediatric 0 0 0 0 0 2 0 1 0 4 4 0 0 11 251 4.4%

Emergency Care

Jan., January; Feb., February; Mar., March; Apr., April; Jun., June; Jul., July; Aug., August; Sep., September; Oct., October; Nov.,

November; Dec., December; BMC, Boston Medical Center.
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Table 1. Continued.

Journal % of
total total
In publica- publica-
Journals Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Press Total tions tion

Prehospital and 0 0 0 1 0 1 0 13 0 0 0 6 6 27 149 18.1%
Disaster Medicine
Prehospital 0 0 0 0 0 0 0 0 0 0 0 0 8 8 189 4.2%
Emergency Care
Resuscitation 0 0 0 0 0 10 10 8 5 4 10 6 4 57 515 11.1%
Scandinavian 0 0 0 0 3 1 1 2 1 2 1 3 0 14 117 12.0%
Journal of
Trauma,
Resuscitation
and Emergency
Medicine
Signa Vitae 0 0 0 0 0 8 0 0 0 0 0 5 0 13 64 20.3%
Ulusal Travma 0 0 0 0 1 0 0 0 1 0 0 0 0 2 150 1.3%
ve Acil Cerrahi
Dergisi
Unfallchirurg 0 0 0 0 0 0 1 0 0 0 0 0 2 3 194 1.5%
Western Journal 0 0 1 0 15 0 20 0 15 0 15 0 0 66 217 30.4%
of Emergency
Medicine
World Journal 0 0 0 0 0 0 0 0 1 0 0 2 0 3 50 6.0%
of Emergency
Medicine
World Journal 0 0 0 3 2 2 1 0 0 0 0 0 0 8 59 13.6%
of Emergency
Surgery
Subtotal 0 0 1 9 27 67 96 73 65 80 77 78 192 765 7,195 10.6%

Jan., January; Feb., February; Mar., March; Apr., April; Jun., June; Jul., July; Aug., August; Sep., September; Oct., October; Nov.,

November; Dec., December.

19-related research (183, 23.9% of the total) followed by

the Western Journal of Emergency Medicine (WJEM) (66,
8.6%) and Resuscitation (57, 7.5%). The WJEM published the
highest proportion of COVID-19-related publications (30.4%),
followed by Emergencias (26.0%) and the Emergency
Medicine Journal (20.5%). COVID-19-related publications
were contributed by 67 countries and the first authors were
from 49 countries.

The leading countries, affiliations, and authors of COVID-
19-related publications are listed in Table 2. The publication
numbers and percentages of COVID-19 publication types are
shown in Figure 1. The three leading types of COVID-19- and
non-COVID-19-related publications were identical. Of the
6,692 non-COVID-19 publications, 4825 (72.1%) were articles,

658 (9.8%) were letters, and 510 (7.6%) were reviews. The
chi-squared statistic of the differences between the proportions
of articles and letters for COVID-19 and non-COVID-19
publications (X*>= 295.3) was significant (P <.001).

The monthly numbers of articles, letters, and reviews, and
total COVID-19-related publications are shown in Figure 2.
The monthly numbers of COVID-19-related letters and articles
were nearly equal before July 2020. Then, the number of
letters decreased gradually and the number of articles increased
steadily after August 2020. The analysis of the number of times
COVID-19 publications were cited is shown in Table 3. The
most highly cited publications were articles and reviews, which
were cited 118 times. The publication type with the highest
average number of times cited was review, followed by article.
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Table 2. Leading countries, affiliations, and authors of coronavirus disease 2019 publications (publication numbers in brackets).

Country Affiliation Author
1 United States (286) Harvard Medical School (27) Elkbuli, A. (17)
2 Italy (50) University of Toronto (24) McKenney, M. (17)
3 Canada (46) Massachusetts General Hospital (19) Long, B. (12)
4 United Kingdom (45) Kendall Regional Medical Center (18) Gottlieb, M. (11)
4 Spain (44) Monash University (18) Mitchell, R.D. (10)

Table 3. Times-cited analysis of coronavirus disease 2019 publications.

Publication types ~ Publication numbers  Total cited times

Average cited times Maximum cited times  Publications cited (%)

Article 373 1,170
Letter 229 435
Review 67 418
Note 59 148
Editorial 32 46
Short Survey 3 0
Erratum 2 0
Total 765 2,217

3.137 118 175 (46.9)
1.900 45 98 (42.8)
6.239 118 39 (58.2)
2.508 23 26 (44.1)
1.438 10 14 (43.8)
0.000 0 0(0)

0.000 0 0(0)

2.898 352 (46.0)

Nearly 60% of review and more than 40% of article and letter
publications were cited within one year of publication.

DISCUSSION

Correct, efficient, and timely knowledge transmission is
crucial to healthcare clinicians. In the COVID-19 pandemic
era, these components led to high-quality patient care and
the enhanced safety of healthcare workers. In addition to
peer-reviewed scientific publications, a variety of methods
is available to communicate scientific knowledge during a
pandemic, including social media, virtual conferencing, and

continuously evaluated in the coming years to clarify the
effect of the rapid publishing process on reporting inaccurate,
inappropriate, or potentially harmful information.

In the analysis of authorship, the first authors of COVID-
19-related publications in EM journals were from 49
countries. The leading five countries (5/49, 10.2%) accounted
for 62% of all COVID-19-related publications. The United
States was the major contributor of COVID-19 research to
EM journals. The five leading affiliations were in the United
States, Canada, and Australia. These results suggest that these
three countries, their affiliations, and researchers responded

free, open-access medical education.'!> Our study focused on  rapidly on research design, execution, and publication.

the response of EM journals to a newly emerging infectious
disease pandemic from the perspective of publications.
The first COVID-19-related publications appeared in

March 2020, three months after the emergence of COVID-19,

and more than 10% of all EM journal publications in 2020
were related to COVID-19, suggesting that COVID-19 is a
rapidly emerging field in EM scientific publication. Twenty-
seven of 31 journals (87.1%) published COVID-19-related
publications, indicating that the preferences and scope of
EM journals are diverse; not all journals publish COVID-
19-related research. The majority of the editorial boards of
EM journals responded rapidly and were willing to accept
newly emerging, important topics. The errata and withdrawal
of COVID-19-related publications in these journals will be

Our analysis of publication type showed that almost
30% of COVID-19-related publications were in the category
“Letters” and that the proportion of letters in non-COVID-
19-related publications was 9.8%. The difference may reflect
the fact that our early understanding of a newly important
emerging disease was limited, and there was not enough time,
research resources, or clinical cases to conduct an original
study. When there are enough resources, cases, and time to
allow studies, the proportion of articles would be expected
to increase, and that of letters would tend to decrease to
baseline. This phenomenon may be due to the response of
medical journals to a rapidly emerging new field with a high
disease burden. Whether this is true of other specialty journals
deserves further study.
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Figure 1. Coronavirus disease 2019 (COVID-19) publication
types, publication numbers, and proportions of all COVID-19
publications in emergency medicine journals in 2020.

120

80 |

60

Publication numbers

Month

=@ |ctter em@umArticle ==@==Review Total

Figure 2. Monthly numbers of three major types of published
research and all coronavirus disease 2019-related publications in
2020 in emergency medicine journals.

The number of times cited analysis provided another
perspective on the impact of COVID-19 publications, in
addition to the number of publications. The publications-
cited results suggested that the research was related to, or the
foundation for, another study. Publications that influenced
other studies were cited more frequently. The most frequently
cited COVID-19 publications and those cited an average
number of times were in the categories “Articles” and
“Reviews.” The letter type of publication was second in

publication number, but the average number of times cited
was less than for articles and reviews. The article- and review-
formatted publications were more influential than published
letters from the perspective of times cited as the measurement
of impact. Nearly half of the COVID-19-related publications
in 2020 were cited at least once by the end of 2020.

The JCR database from which we adopted the EM journal
list is one of the most popular academic publication indexing
databases. The SCImago Journal & Country Ranking based
on the Scopus database also provides a list of EM journals
that is more comprehensive, providing extended coverage on
non-English language journals; it indexes 85 EM journals. '
Further studies of EM journals not included in this study could
provide a more comprehensive viewpoint on the publication
trend. The journal publishing policy on free, open-access
publications and pre-printed databases for COVID-19-
related research may also influence researchers’ options on
submitting to journals. These policies facilitate transmission
of knowledge during the pandemic era. The article processing
charge (APC) is another factor that negatively affects
researchers from developing and low-and-middle-income
countries who may be unable to pay the publication fees.
Future studies on more non-English language journals and the
influence of free, open-access policy and APC will help us to
understand changes in the publication process of COVID-19-
related research in academic EM.

LIMITATIONS

There are some limitations to this study. First, EM-
related research may appear in non-EM specialty journals
as well. The overall response of global EM researchers to
COVID-19 could be more comprehensively understood if
COVID-19-related publications affiliated with EDs that
were published in other scientific journals were included.
Second, the response of EM journals to COVID-19 is
ongoing; the pandemic is not over. Continuous analysis
of publication trends in 2021 would provide a more
comprehensive view. Third, this pandemic originated
from a non-English speaking country, but no EM journals
from the 2019 JCR were in Chinese. This result may
underestimate the contribution from EM researchers who
published in Chinese EM journals during the early stage of
the pandemic.

CONCLUSION

COVID-19-related publications appeared in EM
journals within three months of pandemic commencement.
The scope of EM journals is wide-ranging and diverse;
not all EM journals publish COVID-19 research. In the
early stage of a newly emerging infectious disease, the
number of letter- and article-format publications increased
in parallel, in EM journals. Articles and reviews were cited
more frequently than letters. A future study that examines
a broader database and the effect of open-access journals
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and article processing charges on publications in newly
emerging fields from developing and low-and-middle-
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income countries may enhance our understanding of 4. Rodriguez RM, Medak AJ, Baumann BM, et al. Academic emergency
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Introduction: Emergency departments (ED) are rapidly replacing conventional troponin assays
with high-sensitivity troponin tests. We sought to evaluate emergency physician utilization of
troponin tests before and after high-sensitivity troponin introduction in our ED.

Methods: We retrospectively examined 9,477 ED encounters, identifying the percentage in
which physicians ordered a serum troponin both before and after our institution adopted a high-
sensitivity troponin test.

Results: After introduction of high-sensitivity troponin testing, the percentage of ED encounters
in which physicians ordered troponin studies decreased (28.3% before vs 22% after; P <.001),
with the drop most pronounced in admitted patients (decrease of 10.9% [95% confidence
interval [CI]: 7.3%- 14.5%] in admitted patients vs decrease of 3.6% [95% CI: 1.7%- 5.4%]

in discharged patients; P<.001)

Conclusion: Introduction of high-sensitivity troponin testing was associated with a decrease in
troponin ordering. While the reasons for this are unclear, it is possible that physicians became more
selective in their ordering behavior because of the lower specificity of high-sensitivity troponin. [West
J Emerg Med. 2022;22(3)439-442.]

INTRODUCTION METHODS

Introducing high-sensitivity cardiac troponin (hs-cTn) in
emergency departments (ED) often improves ED length of
stay'? and can lead to lower stress-test utilization.! However,
age, renal dysfunction, hypertension, peripheral artery
disease, prior myocardial infarction, and use of diuretics are
associated with elevated hs-cTn outside of acute coronary
syndrome (ACS).** Decreased specificity of hs-cTn compared
to conventional assays along with results in the indeterminate
range for ACS may lead to emergency physician (EP)
uncertainty, altering EP heuristic pathways. We sought to
evaluate EP utilization of troponin tests before and after hs-
c¢Tn introduction in our ED.

We performed a retrospective analysis of ED operational
data. Our institutional review board provided an exemption
from full review.

The Mayo Clinic Arizona ED is a tertiary care facility
serving approximately 34,000 patients yearly with 26 rooms
and up to nine hallway spaces in Phoenix, AZ, staffed
by residency-trained EPs. There is no fast track or ED
observation unit. Our EPs acquire patients on a rotational
assignment basis, with no practical discretion as to which
patients they evaluate. As EPs receive patients to individual
queues when patients arrive in triage, we employ no triage
physicians. The EPs place triage orders on their assigned

Volume 23, no. 3: May 2022

439 Western Journal of Emergency Medicine



Adoption of High-sensitivity Troponin Testing and Physician Ordering Behavior

Hodgson et al.

patients to expedite care prior to physical assessment. Due to
this front-end workflow, we rarely use nursing-initiated order
sets outside of protocol activations such as acute stroke or
ST-elevation myocardial infarction. Residents rotate through
the ED and see approximately 5% of patients. No nurse
practitioners or physician assistants work in our department.

Our ED replaced conventional Roche fourth generation
troponin T with Roche fifth generation hs-cTn on July 17, 2018.
We reviewed all ED encounters seen by full-time EPs from July
17-September 16, 2018 (the “after” period). We chose this end
date as it coincided with the rollout of a new electronic health
record (EHR), which we believed would introduce additional
confounders to our analysis. To account for seasonal variability,
we matched this timeframe with a similar period one year prior,
examining all ED encounters staffed by full-time EPs from
July 17-September 16, 2017 (the “before” period). To limit
the influence of different EP ordering practices,’ we excluded
patients seen by part-time EPs (who work inconsistent clinical
hours), EPs employed during only one of the assessment
periods, and encounters missing an assigned physician.

We obtained general characteristics of patient encounters
in both groups including age, gender, race, Emergency
Severity Index (ESI), ED length of stay (LOS), and admission
rates. We examined the percentage of encounters receiving
ED orders for a troponin test, either conventional troponin
T before or hs-cTn after. We determined this percentage for
all ED patients and then split the data to separately examine
discharged and admitted (including hospital observation)

patients. To determine whether overall EP testing behavior
changed, we performed this same analysis for hemoglobin, a
common ED test. We selected hemoglobin since the data was
readily available in our operational database.

We used descriptive statistics (counts, percentages, means,
and standard deviations), chi-square tests, and Kruskal-Wallis
test by ranks where appropriate to examine differences in
demographics in the before and after groups, as well as rates
of troponin and hemoglobin ordered before and after hs-cTn
overall and by type of encounter (discharge vs admission).
Confidence intervals (CI) for the differences in rates of testing
between groups were constructed using the Chan-Zhang
exact method for calculating CIs for differences of binomial
proportions.® All analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) and R via Rstudio
(Boston, MA) and the arsenal package.

RESULTS

Appendix 1 details excluded encounters. We report
demographic characteristics of the before and after hs-cTn
groups in Table 1.

We report counts and rates of ED encounters receiving a
troponin test in the before and after hs-cTn groups in Table 2.
Encounters with an order for a troponin test decreased after
introduction of hs-cTn (28.3% before vs 22% after; P<.001),
with the drop appearing most pronounced in admitted patients
(decrease of 10.9%, 95% CI: 7.3-14.5% in admitted vs 3.6%,
95% CI: 1.7-5.4% in discharged patients; P<.001).

Table 1. Encounter characteristics before and after hs-cTn introduction.

Characteristic Before hs-cTn After hs-cTn P-value

Gender

Female (%) 2,774 (53.7%) 2,298 (53.3%) 0.703"
Mean age in years (SD) 57.5 (20.9) 56.4 (21.0) 0.020?
Race

White (%) 4,600 (89.7%) 3,799 (89.3%) 0.548"
ESI (%) 0.017"

1 59 (1.1%) 51 (1.2%)

2 1,405 (27.3%) 1,274 (29.6%)

3 3,116 (60.5%) 2,512 (58.4%)

4 520 (10.1%) 440 (10.2%)

5 50 (1.0%) 23 (0.5%)

Missing 16 11
ED length of stay in minutes (SD) 227.2 (161.2) 225.3 (136.8) 0.2382
Inpatient length of stay in hours (SD) 80.3 (102.0) 85.3 (99.9) 0.0712
Admission Status

Discharged (%) 3,491 (67.6%) 2,982 (69.2%) 0.097"

hs-cThn, high-sensitivity cardiac troponin; SD, standard deviation; ES/, Emergency Severity Index; ED, emergency department.

chi-square p-value; 2Kruskal-Wallis P-value.
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Table 2. Number (%) of ED encounters with troponin ordered
before and after hs-cTn introduction.

Encounter type Before hs-cTn  After hs-cTn P-value*
All encounters 1,463 (28.3%) 948 (22.0%) <.001
Discharged 657 (18.8%) 454 (15.2%) <.001
Admitted 806 (48.1%) 494 (37.2%) <.001

hs-cTn, high-sensitivity cardiac troponin.
*P-values from chi-square analyses.

Unlike troponin ordering, hemoglobin ordering did not
change after hs-cTn introduction (70.2% before vs 69.5%
after; P = .48). Hemoglobin ordering behavior remained the
same when examining subcategories of discharged (56.8%
before versus 56.8% after, P = .98) and admitted (98.1%
before versus 98.0% after, P = .83) encounters.

DISCUSSION

Our results demonstrate a significant decrease in ED
encounters receiving a troponin test after introduction of
hs-cTn. We believe our EPs became more selective in their
troponin ordering behavior. One study examining conversion
to hs-cTn’s impact on laboratory workload noted a decrease in
troponin tests after conversion to hs-cTn, with a decline in test
orders of over 10% despite an increase in total ED visits, with
an overall decrease in percentage of ED encounters receiving
a troponin study.” Although the authors did not speculate as
to the cause, we suspect EPs consciously or unconsciously
adjusted their ordering behavior to accommodate the
decreased specificity of hs-cTn in their diagnostic heuristics.
This is supported by informal discussions with several of our
physicians, who expressed frustration when having to navigate
indeterminate hs-cTn results.

Decisions made by EPs change throughout a shift, with
EPs picking up fewer patients and making more decisions
that shorten ED LOS near end of shift (EOS).® As our EPs are
automatically assigned patents, they do not have the ability to
cherry-pick easier patients or take fewer patients near EOS.
Anticipation of an indeterminate troponin requiring repeat
for trending near EOS may lead EPs to be more discriminant
in their hs-cTn orders. Emergency department managers
employing patient assignment models should be aware of this
possibility when incorporating hs-cTn and make operational
adjustments to ensure that all patients continue to receive high
quality care.

Increased ED troponin-ordering selectivity may be
harmful or beneficial to patients. Although classic teaching
recommends maintaining high suspicion for ACS, especially
in patient groups who present atypically, some evidence
suggests that EPs may overtest.” One study of ED patients
over age 65 presenting with nonspecific complaints (such
as generalized weakness, fatigue and dizziness) found that
although 20% of these patients had positive troponins, 93.8%

of these elevations were due to factors other than ACS

(most frequently sepsis) and none of the patients received
reperfusion therapy.'” After the institution of hs-cTN,
physicians at our ED may have deferred troponin evaluations
of these patients, either using gestalt alone or in conjunction
with an electrocardiogram (ECG).

If so, this approach may have pitfalls. Although the above
method may be safe in geriatric patients with nonspecific
complaints, ED patients presenting with chest pain are another
matter. In a separate study, physician gestalt, even combined
with an ECG, did not identify all ACS cases.!! Reducing
testing in this group of patients may prove dangerous.

LIMITATIONS

Our study suffers from several limitations. The first is the
capability of our EHR: the free-text nature of chief complaints
at the time of data collection limited our ability to determine
the percentage of ED visits with chest pain and potential ACS
equivalents. Fewer patients with chief complaints suspected to
be ACS equivalents may have presented to our ED in the after
period. However, Table 1 suggests that our patient population
remained similar on most demographic and other patient
characteristics such as admission rate, suggesting similar
severity of illness in the before and after periods.

Patients in the after group were more likely to be labeled
ESI 1 and 2, which we believe would typically prompt more
orders for troponins, the opposite of our observed trend.
Hemoglobin ordering, unlike troponin ordering, did not
decrease after introduction of hs-cTn, suggesting that overall
resource utilization remained similar before and after hs-cTn.
We believe that matching the time of year when selecting the
comparison period mitigated any effect of seasonal variability
of complaints, and excluding encounters seen by part-time
physicians and physicians employed during only one time
period mitigated individual physician-ordering variability. We
performed no specific interventions or community outreach
programs during this time which would have changed the
nature of presenting complaints.

A second limitation is that ours is a single center,
retrospective review; thus, we can comment on correlation
but not causation. However, our findings do align with other
studies noting a decrease in percentage of ED encounters
receiving a troponin study after introduction of hs-cTn.” Due
to the change in our EHR, we only examined a two-month
period post hs-cTn; the decrease in ordering behavior may
represent a period of acclimation and not long-term behavior.
We hope our study prompts additional investigation into
whether these findings persist.

CONCLUSION

After introduction of hs-cTn, the percentage of ED
patients receiving troponin studies decreased. We suspect that
emergency physicians became more selective in their ordering
behavior to account for the lower specificity of hs-cTn.
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