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JOURNAL FOCUS

Emergency medicine is a specialty which closely reflects societal challenges and consequences of public policy
decisions. The emergency department specifically deals with social injustice, health and economic disparities,
violence, substance abuse, and disaster preparedness and response. This journal focuses on how emergency
care affects the health of the community and population, and conversely, how these societal challenges affect the
composition of the patient population who seek care in the emergency department. The development of better
systems to provide emergency care, including technology solutions, is critical to enhancing population health.
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In early 2018, the opioid epidemic slammed into the state
of South Carolina precipitating an unprecedented rise in
overdoses. In response, our local health system partnered
with state agencies to implement a novel crisis intervention
named the Faces and Voices of Recovery (FAVOR)
Overdose Recovery Coaching Evaluation (FORCE). This
was the first program in the state to use certified peer support
specialists (CPSS) as supplied from a local recovery
organization (FAVOR) to engage with overdose patients in
the emergency department (ED). Supported by the South
Carolina Department of Alcohol and Other Drug Abuse
Services, the program ran from January 1-December 31,
2018 within a local community ED in Greenville, South
Carolina (~95,000 adult patients/year).

FAVOR is a community-subsidized, “free” local recovery
organization, accredited by the Council on the Accreditation
of Peer Recovery Support Services. The CPSSs are
individuals who have been in active recovery for at least one
year and received training as a CPSS and an assertive
community engagement specialist certified by the National
Certification Commission for Addiction Professionals and
who is a member of the National Association of Alcohol and
Drug Abuse Counselors.

All adult patients aged 18 and older, who presented to the
ED with an unintentional or accidental opioid overdose were
approached to participate in this institutional review board-
approved intervention. Patients with an intentional overdose
or suicidal intent, known pregnancy, and individuals in
police custody were excluded.

Education on the intervention was provided to medical
staff through various presentations and email notifications.
A “Best Practice Advisory” alert was created in the
electronic health record (Epic Systems Corporation,

Verona, WI) and would trigger a referral order with
additional instructions to call the CPSS when any medical
staff member ordered naloxone or documented a diagnosis
of opioid use disorder, withdrawal, or accidental overdose.
An on-call CPSS would arrive within 30 minutes and, using
motivational interviewing, match the patient to an array of
resources including the following: 12-step programs;
counseling; detox; inpatient rehabilitation; sober living;
recovery coaching; and medication-assisted treatment
(MAT). The CPSSs collected verbal informed consent, but
participants could accept recovery services without consent.
A total of 182 patients were approached, and 178 (98%)
agreed to participate. Of those patients 109 (61%) were
linked with services from the ED, and 114 (64%) remained
actively engaged with CPSSs one year later. Fifteen patients
(8.4%) returned to the hospital for any reason, and three
(1.6%) died of overdose. Reported living situation of
participants, at time of index visit, were as follows: 67/178
(38%) with family; 47 (26%) on their own; 25 (14%)
homeless; 15 (8%) in a residential recovery center; three
(1.70.5%) in “shelters”; one (0.6%) in jail; and 22 (12%)
declined to answer.

This data including a 98% initial engagement and 64%
remaining actively engaged at one year were compelling.
Initially, emergency clinicians and leadership were reluctant
to integrate CPSSs into the clinical environment over
concerns that patients presenting with an overdose would
refuse a consultation and because of a negative perception of
the CPSS’s capabilities. By the end of this intervention, team
members recognized the importance of CPSSs so much so
that during the COVID-19 pandemic, FAVOR CPSSs were
offered vaccination within the same priority group as the rest
of the ED staff. Overall, this crisis intervention provided
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crucial experience and intriguing preliminary data that
inspired Prisma Health to initiate the following programs
through both external grants and internal funding: 1)
launching a network of outpatient buprenorphine treatment
programs (both clinic-based and mobile units) that have
capacity to see uninsured patients (HRSA:HB147075); 2)
implementing Screening, Brief Intervention and Referral to
Treatment (SBIRT) programs within our busiest urban and
rural EDs including seven full-time CPSSs to engage patients
and provide harm reduction with take-home naloxone and 3)
ED-based MAT initiation (National Institutes of Health
HEAL Initiative:NCT05123027, and SAMHSA.:
H79TI1083300). Overall, while CPSSs have spread across the
state in multiple EDs and other SBIRT programs their results
have been mixed." This FORCE intervention did supply
preliminary data for the CTN multisite “PILOT” trial
(CTN-107), which is investigating two models of care using
CPSSs across both short-term and long-term CPSS
engagement (FORCE model). Prisma Health is one of three
participating sites. Overall, this clinical intervention
provided the foundation for growth of addiction-related
services within our health system and provided preliminary
data supporting a National Institute on Drug Abuse-
sponsored nationwide clinical trial.
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Introduction: Chest pain is the second most common chief complaint for patients undergoing evaluation
in emergency departments (ED) in the United States. The American Heart Association recommends
immediate physician interpretation of all electrocardiograms (ECG) performed for adults with chest pain
within 10 minutes to evaluate for the finding of ST-elevation myocardial infarction (STEMI). The ECG
machines provide computerized interpretation of each ECG, potentially obviating the need forimmediate
physician analysis; however, the reliability of computer-interpreted findings of “normal” or “otherwise
normal” ECG to rule out STEMI requiring immediate intervention in the ED is unknown.

Methods: We performed a prospective cohort analysis of 2,275 ECGs performed in triage in the adult ED
of a single academic medical center, comparing the computerized interpretations of “normal” and
“otherwise normal” ECGs to those of attending cardiologists. ECGs were obtained with a GE MAC 5500
machine and interpreted using Marquette 12SL.

Results: In our study population, a triage ECG with a computerized interpretation of “normal” or “otherwise
normal” ECG had a negative predictive value of 100% for STEMI (one-sided, lower 97.5% confidence
interval 99.6%). None of the studied patients with these ECG interpretations had a final diagnosis of
STEMI, acute coronary syndrome, or other diagnosis requiring emergent cardiac catheterization.

Conclusion: In our study population, ECG machine interpretations of “hormal” or “otherwise normal”
ECG excluded findings of STEMI. The ECGs with these computerized interpretations could safely wait

diagnosis. [West J Emerg Med. 2024;25(1)3-8.]

for physician interpretation until the time of patient evaluation without delaying an acute STEMI

INTRODUCTION
Background

Each year there are more than nine million emergency
department (ED) visits for acute nontraumatic chest pain in
the United States.! This is the second most common chief
complaint for patients undergoing emergent evaluation.”
Expedited identification of life-threatening, acute ST-segment
elevation myocardial infarction (STEMI), a diagnosis made
solely by recognition of characteristic patterns of heart injury
on electrocardiogram (ECG), is critical to timely intervention

and optimal patient outcomes. The current American Heart
Association (AHA) recommendation is for all ED chest pain
ECGs to be obtained within 10 minutes of patient arrival and
immediately screened for STEMI by a clinician.’
Computerized software algorithms can analyze and print a
preliminary ECG interpretation in real time; however, the
interpretation algorithms are proprietary and manufacturer-
specific.* © The degree of variability in diagnostic accuracy
among computer programs was significantly greater than that
among cardiologists.”’
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Importance

Approximately 60% of triage ECGs at our institution are
interpreted as “borderline” or “abnormal” and necessitate
immediate clinician screening for acute coronary syndrome
(ACS) and possible STEMI. The remainder are interpreted
as “normal” or “otherwise normal” ECG (eg, sinus
bradycardia-otherwise normal) by the computer. There are
limited studies investigating whether these latter readings are
reliable in ruling out STEMIL.®'” Recent evidence suggests
that computerized interpretation of normal sinus rhythm/
normal ECG—the so called “normal/normal”—has a
negative predictive value (NPV) of 99% (confidence interval
[CI] 97-99%) with no reported cases of missed ACS or
STEMI, which may obviate the need for immediate clinician
verification.”'” The study provided some insights into the
reliability of these interpretations but included small
numbers of ECGs and did not evaluate ECGs read as
“otherwise normal.”

We reasoned that while immediate physician
interpretation of ECGs in patients with chest pain is
recommended by the AHA to screen for ECGs that meet
STEMI criteria, it may not be necessary in some triage
ECGs. To understand the impact of delaying immediate
interpretation to the time of patient encounter, it is important
to understand whether this delay would potentially delay
diagnosis of this time-sensitive finding.

Goals of this Investigation

We performed a prospective cohort study of all adult
triage patients in our ED who received an ECG during
the study period to compare the computerized ECG
interpretation of “normal” or “otherwise normal” ECG to
that of the attending cardiologist. Our aim was to determine
the NPV of these computerized interpretations for STEMI
and ECG signs of acute ischemia.

MATERIALS AND METHODS
Study Design and Setting

This was a prospective cohort study of triage ECGs
performed by patient care technicians or triage nurses
according to the standard triage protocol in the adult ED of a
large academic hospital. This ED is one of the busiest in the
Northeast US, serving a population base of over one million
people and caring for more than 130,000 patients annually,
of whom approximately 8,000 have a chief complaint of
acute chest pain. Our medical center is the regional
tertiary-care facility for interventional cardiology, and it is
the second busiest interventional cardiology lab in the state.
This study was approved by the institutional review board.
We have adhered to the Strengthening of Reporting
of Observational Studies in Epidemiology
(STROBE) statement.

Population Health Research Capsule

What do we already know about this issue?
The American Heart Association
recommends screening ED triage
electrocardiograms ( ECG) within 10 minutes
for evidence of ST-elevation myocardial
infarction (STEMI).

What was the research question?

What is the reliability of an ECG machine
interpretation of a “normal” or “otherwise
normal” ECG in ruling out STEMI?

What was the major finding of the study?
The negative predictive value for STEMI of
ECGs with these interpretations is 100%
(one-sided, lower 97.5% confidence interval
limit: 99.6%).

How does this improve population health?
This study further confirms that physician
interpretation of triage ECGs with

these computerized interpretations may
be safely deferred until the time of patient
evaluation.

Selection of Participants

We included all patients >18 years old who had a triage
ECG performed by patient care technicians (PCT) or triage
nurses according to a standard triage protocol in the adult
ED (>18 years of age). The nurse triage ECG protocol
required obtaining an ECG on patients with a chief
complaint of chest pain, chest pressure, chest tightness,
weakness, unusual fatigue, palpitations, syncope, dyspnea,
or any atypical symptoms consistent with ACS such as
nausea and vomiting or pain in the jaw, upper back, or upper
abdomen. The ECGs were collected at all hours of the day
seven days per week from June 2018-October 2021, with
recruitment paused for approximately 18 months due to the
COVID-19 pandemic (Figure 1). There were no changes in
ECG protocols or cardiac catheterization lab protocols
during that time.

Interventions

Triage ECGs were obtained per protocol and immediately
presented to an attending emergency physician for review.
Upon return to triage, PCTs printed a copy of the ECG and
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with with with with
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(N 1,134, (N'= 36. (N = 1,068, (N': 37,
96.9%) 3.1%) 96.7%) 3.3%)

Figure 1. Results of a comparison of computer-read vs cardiologist
interpretation of electrocardiograms performed at triage.

placed it in a collection box for research staff. The screened
ECGs were then placed in the patients’ charts for the treating
physicians to review at the time of the patient evaluation. The
ECGs performed according to triage protocol during the
designated study period were prospectively collected by
research associates.

The ECGs were obtained with a GE MAC 5500
(GE Healthcare, Waukesha, WI) and interpreted using
Marquette 12SL (GE Healthcare). The ECGs were uploaded
to a secure hospital server. Board-certified cardiologists
blinded to all aspects of the study reviewed the ECGs and
entered the final interpretation into the medical health
records as per standard operating procedure.

Measurements

The primary outcome of interest was the number of ECGs
with a computerized interpretation of “normal” ECG or
“otherwise normal” ECG that were interpreted by a
cardiologist as STEMI. Secondarily, we examined the
number of patients who had ECGs with these computerized
interpretations and an end diagnosis of ACS or STEMI, or
had a cardiac catheterization during their hospitalization for
that index visit.

A sample-size calculation demonstrated the need for at
least 1,000 ECGs with a computerized interpretation of
“normal” ECG and 1,000 with a computerized interpretation
of “otherwise normal” ECG to adequately answer our
proposed question. Given that we were evaluating a process
change that would alter patient triage for ECGs in the ED,
we wanted a high degree of precision in our estimates. Thus, a
sample size of 3,000 records would provide a 95% CI that
would be no wider than +2 percentage points for estimates of
predictive values.

All patients with a triage ECG reported as “normal” or
“otherwise normal” by computer interpretation had a chart
review performed by ED research associates experienced in
chart review to extract patient demographics, ascertain the
triage ECG indication, determine the cardiologist’s final
interpretation, and document the patient’s ED disposition

and final discharge diagnosis with specific attention to the
presence or absence of ACS or STEMI. The data abstraction
form was piloted by a research coordinator and research
assistant prior to implementation. Research associates were
blinded to the study hypothesis. Study data were collected
and managed using REDCap electronic data capture tools
hosted at our institution' "' REDCap (Research Electronic
Data Capture) is a secure, web-based software platform
designed to support data capture for research studies,
providing 1) an intuitive interface for validated data capture;
2) audit trails for tracking data manipulation and

export procedures; 3) automated export procedures for
seamless data downloads to common statistical packages;
and 4) procedures for data integration and interoperability
with external sources. Paper ECGs were kept in

a secured room to reference as needed to verify

the database.

We compared each ECG interpreted by the computer as
“normal” or “otherwise normal” ECG to the cardiologist’s
final interpretation. If the cardiologist interpretation was also
“normal” or “otherwise normal” this was considered an
accurate computer interpretation. If the cardiologist’s
interpretation differed, we considered the computerized
ECG interpretation to be inaccurate. Validation of the data
entered by research staff was completed for 100% of ECGs
with cardiologist disagreement (n = 74) and 15% (n = 341)
randomized patients by the principal investigator (AD). We
collected additional variables including gender, age, race/
ethnicity, ED disposition, and final discharge diagnosis.

Finally, blinded board-certified emergency physicians
were asked to evaluate any ECG with a final cardiologist
interpretation of STEMI or a final diagnosis of ACS to
evaluate whether ECGs would have been interpreted in real
time by a clinician as indicating ACS and requiring
emergent intervention.

Outcomes

The primary outcome of this study was discordance of a
computerized interpretation of “normal” or “otherwise
normal” ECG, and a cardiologist interpretation of STEMI
or “consider ischemia.” Secondary outcomes included final
patient-encounter diagnosis of ACS and proportion of
patients who received cardiac catheterization
during hospitalization.

Analysis

For descriptive analyses, continuous variables are
represented with means and standard deviations. Categorical
variables are presented with frequencies and proportions.
Agreement or disagreement between computer and
cardiologist ratings are presented as proportions with 95%
ClIs. Given that we selected only normal computer-read
EKGs, the NPV is the only screening characteristic provided
that was able to be estimated. To assess whether age or
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gender influenced disagreement in ratings, we compared Table 1. Patient characteristics.
records for which cardiologist and computer agreed to those

where there was disagreement. For age, we used a t-test to . Yarlables (N - 2,275) Summary
compare the two groups on age and a chi-square test to Patient Age in years Median (IQR) 47.0(27.0)
compare the groups on gender. Gender, n (%)

Female 1,262 (55.5)
RESULTS Male 1,013 (44.5)
Characteristics of the Study Subjects Computer Read, n (%)

A total of 2,275 patients were included in the study. Normal/normal 1170 (51.4)
The median age of the study population was 47 years ) ' '
(interquartile range [IQR] 27; IQR interval 33-60). Within Otherwise/normal 1,105 (48.6)
the cohort, 1,262 were women (55.5%) and 73.4% were White ~ Patientrace, n (%)

(Table 1). The indication for ECG was chest pain in 58% of American Indian/Alaska Native 6 (0.3)

patients, followed by cardiac arrhythmia (19%). Of patients Asian 33 (1.5)

Witi ECG maChinle'igﬂgglz/retaﬁon; th “HOY??I” or D Black/African American 334 (14.7)

“otherwise normal,” 98.6% were discharged from the . . . .

None of the patients included in the analyfis had a STEMI or Hlsp.)anlc/Latl.r?o . 92 (4.0)
Native Hawaiian/Pacific Island 11 (0.5)

final diagnosis of ACS. There was no difference in mean age
between the cases where there was agreement (n=2,201) vs White 1669 (73.4)
no agreement (n =74). Mean age for agreement was 47.3 Unknown/refused 130 (5.7)
(£17.0) vs disagreement 50.7 (+17.9), P =0.12. Similarly, no  ECG indication when algorithm disagrees with

difference in agreement emerged for gender. The agreement  cardiologist (n =74), n (%)

was 96.9% (1,223/1,262) for females and 96.5% (978/1,013) Suspected acute MI, STEMI 1(1.4)
for males (P =0.64). Non-traumatic chest pain 40 (54.1)
Dyspnea 3(4.1)

Main Results

Cardiologists agreed with the machine-interpretation of Cardiac arrhythmia 9(12.2)
“normal” or “otherwise normal” ECG in 96.7% (n = 2,201) Electrolyte imbalance 1(14)
of cases. Of the 3.3% (n = 74) of ECGs where cardiologists Syncope 6 (8.1)
did not agree with the machine interpretation, none were Other 8(0.8)
interpreted by the cardiologist as STEMI. The NPV for Indication not provided 6 (8.1)

STEMI of ECGs with these interpretations is 100% (one-

. L. Hospital admission, n (%)
sided, lower 97.5% CI limit: 99.6%). In 35 (49.3%) of the

ECGs in which the cardiologists disagreed with the machine- No 2243 (98.6)
interpretation, these ECGs were read by the machine as Yes 32(1.4)
“otherwise normal” but the cardiologist interpreted LWBS, n (%)

“borderline” or “abnormal.” Ultimately none of the 2,275 No 2266 (99.6)
patients with machine-interpreted ECGs included in the Yes 9 (0.4)

study had a discharge diagnosis of STEMI or ACS. Only
1.4% required hospital admission for any indication. Because No 65 (89.0)
no ECGs with these initial machine interpretations had a j
final interpretation of STEMI or diagnosis of ACS, further NA (LWBS/AMA/etc.) 8(11.0)
review by blinded board-certified emergency physicians was ~ Cardiology agree? n (%)

Discharge diagnosis c/w ACS, n (%)

not required. Disagree 74 (3.3)
Agree 2201 (96.7)

DISCUSSION Cardiologists reading (ECG paper read) to

This study found that in our triage patient population, (cardiologists read), n (%)
a computerized ECG Marquette 12SL interpretation of Normal/normal to otherwise normal 10 (14.1)
“normal” or “otherwise normal” ECG reliably rules out a Normal/normal to borderline or abnormal 26 (36.6)
finding of STEMI. Patients who had triage ECGs with these ) . '
computerized interpretations did not have a discharge Otherwise normal to borderline or abnormal 35(49.9)
diagnosis of ACS and did not require emergent ECG, electrocardiogram; LWBS, left without being seen; AMA,
catheterization. Very few patients with these ECG against medical advice; STEMI, ST-elevation myocardial

interpretations were admitted to the hospital. In our study  infarction; ACS, acute coronary syndrome.
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population, a computerized interpretation of “normal” or
“otherwise normal” ECG” had a NPV of 100%. No patients
with these ECGs had a final diagnosis of STEMI or ACS.

This study suggests that Marquette 12SL machine-
interpreted “normal” or “otherwise normal” may safely rule
out STEMI or other acute signs of ACS needing immediate
cardiac catheterization. This finding adds to a growing body
of evidence from smaller studies that immediate emergency
physician interpretation of triage ECGs with this
computerized interpretation may be safely deferred until the
time of patient evaluation.” '® While other research has
focused on a computerized interpretation of “normal” ECG
this study is one of the first investigations of the reliability of a
computerized interpretation of “otherwise normal” ECG.
Previous research has demonstrated that immediate
emergency physician interpretation of triage ECGs to screen
for STEMI is time-consuming for physicians and support
staff.'® By using this time to more directly perform patient-
centered care departments could alleviate interruptions in
workflow and improve patient safety.

LIMITATIONS

While this study includes one of the largest cohorts yet of
similar studies, it is limited to a single academic institution
using a single type of ECG machine (Marquette 12SL). Thus,
the findings may not be generalizable to other institutions
and ECG machine interpretation algorithms.* We chose to
use a board-certified cardiologist’s final interpretation as
the gold standard of ECG interpretation because this is the
commonly accepted standard. Originally, we designed
the study so that ECGs that had a computerized
interpretation of “normal” or “otherwise normal” but a
cardiologist interpretation of STEMI or a final hospital
diagnosis of ACS would be reviewed by blinded, board-
certified emergency physicians; however, as there were none
in this large sample, this step was unnecessary. Moreover, we
know from chart review, disposition, and diagnosis that none
of these ECGs had an interpretation of STEMI by the
emergency physician who evaluated the patient in real time.

Given that we focused on the NPV of normal computer-
interpreted ECGs, we did not collect data on abnormal
computer-read records. Thus, we are unable to report
estimates of all screening characteristics (eg, sensitivity,
specificity, and positive predictive value). The NPV of
computer-read ECGs is the only characteristic reported in
the study. We did not conduct follow-up after the index
hospital visit and, therefore, cannot comment on 30-day
major adverse cardiac events in this population. The safety of
this approach is dependent on the lower bound of the CI of
the sensitivity for STEMI. While this study addresses the
outcome of STEMI addressed by the AHA’s guideline, it
does not directly address other outcomes of interest to an
emergency physician such as acute coronary occlusion MI
(OMI) which may benefit from timely reperfusion therapy

and is not meant to encourage physicians to forgo physician
ECG interpretation even at the time of physician
interpretation. Moreover, there is a growing body of
literature supporting a paradigm shift from evaluating ECGs
for STEMI vs no STEMI as an indicator of OMI that may
benefit emergent reperfusion to evaluating ECGs for signs
of acute total OMI (inclusive of STEMI negative OMI)

vs non-OMI.'*!?

CONCLUSION

In our study population, Marquette 12SL ECG machine
interpretations of “normal” or “otherwise normal”
ECG excluded STEMI. Electrocardiograms with these
computerized interpretations could safely wait for physician
interpretation until the time of patient evaluation without
delaying an acute STEMI diagnosis.
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Introduction: Identification of patients not meeting catheterization laboratory activation criteria by
electrocardiogram (ECG) but who would benefit from early coronary intervention remains challenging in
the emergency department (ED). The purpose of this study was to evaluate whether emergency
physician (EP)-performed point-of-care transthoracic echocardiography (POC TTE) could help identify
patients who required coronary intervention within this population.

Methods: This was a retrospective observational cohort study of adult patients who presented to two
EDs between 2018—-2020. Patients were included if they received a POC TTE and underwent diagnostic
coronary angiography within 72 hours of ED presentation. We excluded patients meeting catheterization
laboratory activation criteria on initial ED ECG. Ultrasound studies were independently reviewed for
presence of regional wall motion abnormalities (RWMA) by two blinded ultrasound fellowship-trained
EPs. We then calculated test characteristics for coronary intervention.

Results: Of the 221 patient encounters meeting inclusion criteria, 104 (47%) received coronary
intervention or coronary artery bypass grafting (CABG) referral. Overall prevalence of RWMA on POC
TTE was 35% (95% confidence interval [Cl] 29-42%). Presence of RWMA had 38% (95% Cl 29-49%)
sensitivity and 68% (95% Cl 58—76%) specificity for coronary intervention/CABG referral. Presence of
“‘new” RWMA (presence on EP-performed POC TTE and prior normal echocardiogram) had 43% (95%
Cl 10-82%) sensitivity and 93% (95% Cl 66—100%) specificity for coronary intervention/CABG referral.
The EP-performed POC TTE interpretation of RWMA had 57% (95% CIl 47—67%) sensitivity and 96%
(95% CI 87—100%) specificity for presence of RWMA on subsequent cardiology echocardiogram during
the same admission.

Conclusion: Presence of RWMA on EP-performed POC TTE had limited sensitivity or specificity for
coronary intervention or referral to CABG. The observed specificity appeared to trend higher in subjects
with a prior echocardiogram demonstrating absence of RWMA, although a larger sample size will be
required to confirm this finding. The EP-performed POC TTE RWMA had high specificity for
presence of RWMA on subsequent cardiology echocardiogram. Further evaluation of the

diagnostic performance of new RWMA on EP-performed POC TTE with a dedicated cohort is warranted.
[West J Emerg Med. 2024;25(1)9-16.]
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INTRODUCTION

Every year, an estimated 600,000 patients present to the
emergency department (ED) with acute myocardial
infarction (AMI)." Acute myocardial infarctions are
historically divided into ST-elevation acute coronary
syndrome (STE-ACS) and non-ST-elevation acute coronary
syndrome (NSTE-ACS) based on electrocardiogram (ECG)
findings of STE in regional leads. In patients with STE-ACS,
guidelines recommend immediate coronary angiography and
revascularization (Class I recommendation).” However, in
patients presenting with symptoms concerning for ACS
without classic STE on their initial ED ECG, ED workup
aimed at identifying patients likely to benefit from coronary
intervention remains challenging. The current American
Heart Association (AHA) guidelines for patients suspected
to have NSTE-ACS recommend serial ECGs and cardiac
troponins every 36 hours (both Class I recommendations).’
These approaches are time consuming and could delay
coronary intervention, as well as impact downstream
morbidity and mortality.*

Approximately 25% of NSTE-ACS patients have been
subsequently found to have occlusive coronary disease.” This
population fares poorly, with larger infarcts, higher cardiac
biomarkers, and greater mortality than those without
obstructive disease.”*® Among studies that evaluated patients
with high-risk NSTE-ACS, such as the RIDDLE NSTEMI
and Sisca trials, early reperfusion was associated with
reduced risk of death or new MI and cumulative incidence of
death, MI, or urgent revascularization at 30 days,
respectively.”* For these reasons, higher risk patients with
findings in the ED concerning for an occlusive coronary
process are likely to benefit from expedited intervention.

Prior studies of cardiology-performed transthoracic
echocardiography (cardiology TTE) have shown that in
patients presenting with symptoms concerning for ACS,
RWMA appeared earlier than ECG changes and were more
sensitive for AMI and critical coronary stenosis.” ' Much of
the prior research has focused on using RWMA to identify
patients with AMI and predict in-hospital complications and
long-term cardiac events.” ''!3~1°> While several studies have
highlighted the rates of revascularization and acute coronary
occlusion in their patient population, these were done
by non-emergency physicians (EP) or in a non-ED
setting.”'?"1*1%17 In addition, many of these studies focused
on the capability of RWMA to detect AMISs (as determined
by cardiac biomarkers, clinical symptoms, and/or ECG
changes) instead of the identification of patients likely
to receive intervention based on the presence of acute
coronary occlusion as evidenced by
cardiac catheterization.”'!:!31416:17

In ED patients without STE on initial ECG, EP-
performed point-of-care transthoracic echocardiography
(POC TTE) may help identify patients who have an
intervenable coronary lesion but have been incompletely

Population Health Research Capsule

What do we already know about this issue?
Presence of regional wall motion
abnormalities (RWMA ) can indicate cardiac
ischemia and may predict occlusive disease in
non-ST elevation acute coronary syndrome
(NSTE-ACS) patients.

What was the research question?
Are RWMAs associated with coronary
intervention in NSTE-ACS patients?

What was the major finding of the study?
RWMA had 38% (95% CI 29—49%)
sensitivity and 68% (95% CI 58-76%)
specificity for coronary intervention or
surgical referral.

How does this improve population health?
Understanding the diagnostic test
performance of RWMA in NSTE-ACS has
the prospect to improve use of early
angiography for high-risk individuals.

investigated. This is supported by a prior small case series,
which showed that detection of RWMA by EP-performed
POC TTE correlated with the vessel territories on subsequent
intervention.'® In this study, our primary objective was to
describe the diagnostic test characteristics of RWMA found
on EP-performed POC TTE for percutaneous coronary
intervention (PCI) or referral for coronary artery bypass
grafting (CABG) among NSTE-ACS patients. The
secondary objective was to perform subgroup test
characteristic analysis based on troponin elevation and
prior cardiology TTE without RWMA.

METHODS
Study Design and Setting

This was a retrospective observational cohort study
conducted at an urban academic hospital system that
includes a quaternary-care academic center ED with 80,600
annual visits and a freestanding suburban ED with 24,600
annual visits. The academic center has 24-hour
catheterization laboratories and in-house interventional
cardiology. Patients requiring cardiology consultation or
admission in the freestanding ED are transferred to the
academic center for further care. The study was
approved by the institutional review board prior
to commencement.
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Participants

Patients who presented to the EDs between 2018-2020
were included if they were 1) >18 years old; 2) received an EP-
performed POC TTE during the visit; and 3) underwent
diagnostic cardiac catheterization for suspected ACS within
72 hours of ED presentation. Patients were excluded if they
had an initial ED ECG that met catheterization laboratory
activation criteria or if inadequate images were obtained to
evaluate RWMA on EP-performed POC TTE.

Outcome Variables

The primary outcomes of the study were diagnostic test
characteristics (sensitivity, specificity, positive and negative
likelihood ratios) of RWMA identified on EP-performed
POC TTE for coronary intervention or referral for coronary
artery bypass grafting (CABG) in patients undergoing
coronary angiography. A priori subgroups were designated
based on troponin elevation and prior absence of RWMA on
cardiology TTE.

Data Sources/Measurement

Investigators included three emergency ultrasound
fellowship-trained EPs, two emergency medicine residents,
and one medical student. All attending/resident investigators
received emergency ultrasound training during residency
and/or fellowship.

Patient data was deidentified, given a unique study ID,
and stored in a HIPAA-compliant cloud-based storage
application (Box, Inc., Redwood City, CA). Procedure
reports and inpatient notes were reviewed to identify patients
who underwent PCI or were referred for CABG within
24 hours of coronary angiography as a composite outcome.
Prior cardiology TTE reports were also coded for existing
RWMA. Chart abstraction was performed by a resident
author who was blinded to EP-performed POC TTE result
using a standardized abstraction form with identical fields for
each encounter.

The EP-performed POC TTE studies were obtained from
Qpath (Telexy Healthcare, Maple Ridge, British Columbia,
Canada), the storage and workflow manager where all
studies obtained in the ED are stored. Initial studies were
collected in the usual course of clinical care by clinicians and
learners involved in the care of the patient with common
indications including evaluation for pericardial effusion, left
ventricular function, and right ventricular dilation. Of note,
dedicated assessment of regional walls is not a routine part of
our institutional EP-performed POC TTE protocol.

RWMA on EP-performed POC TTE was independently
assessed by two ultrasound fellowship-trained attendings,
who were blinded to the other’s initial interpretation and to
all chart/outcome data. Interpretation of these parameters
was based on global qualitative assessment as “present,”
“absent,” or “uninterpretable” due to insufficient images
obtained. Uninterpretable ultrasounds were excluded.

An a priori adjudication plan was in place to evaluate any
cases in which the two reviewers disagreed on the
interpretability of an ultrasound or presence of RWMA. In
these cases, the studies were jointly reviewed and discussed
until a final interpretation was identified.

All ECGs obtained in the ED during the visit were
screened by a senior resident author who was blinded to other
chart data and EP-performed POC TTE result. The
interpretations were performed based on AHA guidelines for
STEMI and the modified Sgarbossa’s criteria.>'? Patients
with any ED ECG potentially meeting STEMI criteria had
their initial ED ECG independently interpreted by the two
attending authors to assess whether they would activate the
catheterization laboratory based on the ECG, assuming
there were symptoms consistent with acute coronary
syndrome. Any disagreements were reviewed by a
third attending EP, who provided the final adjudication.
We excluded patients with an initial ED ECG who
were felt to meet catheterization laboratory criteria.

Both troponin I (Abbott Laboratories, Chicago, IL) and
troponin T (Roche Diagnostics, Basel, Switzerland) were
available in the ED for this study population. We included all
troponin values obtained while the patient was in the ED.
Institutional laboratory threshold values were used to
delineate whether a troponin was positive. A positive
troponin I value was >0.08 nanograms per milliliter (ng/mL).
A positive troponin T value was >0.01 ng/mL.

We performed a planned subgroup analysis on subjects
with a potentially “new” RWMA, defined as those with a
prior echocardiogram on file in which the most recent
report explicitly commented on the absence of
any RWMA.

Statistical Methods

Based on prior unpublished pilot data, power analysis
suggested that to minimize the 95% confidence interval [CI]
to a width of 20% or less for sensitivity of RWMA in patients
receiving coronary intervention/referral, 104 subjects would
be required in each outcome group.

We conducted data analysis in R (R Foundation for
Statistical Computing, Vienna, Austria) using the RStudio
interface (RStudio Inc., Boston, MA). Demographic
characteristics were tabulated by whether subjects received a
coronary intervention and/or referral to CABG with
differences evaluated by the -test for continuous variables
and chi-square test for categorical variables. We calculated
diagnostic performance characteristics with the
epiR package.

RESULTS

A total of 221 patient encounters were included in the
study, of whom 104 (47%) received a coronary intervention
and/or referral to CABG (Figure 1). Mean age of subjects
was 64.8 years, and 33.9% of the sample was female
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Encounters with EP-POCUS and
subsequent diagnostic coronary
angiography within 72 hours
(n=267)

Encounters excluded (n = 12):
Initial ECG meeting catheterization
A 4 laboratory activation criteria

EP-POCUS interpreted
by expert reviewers

(n=255)
Encounters excluded (n = 34):
RWMA uninterpretable due to limited
study quality/views

Encounters included in study
(n=221)

Figure 1. Flow diagram of screened and included patient encounters among subjects evaluated with emergency physician-performed

point-of-care echocardiography (during assessment for acute coronary syndrome).

EP, emergency physician; POC TTE, point-of-care transthoracic echocardiogram; ECG, electrocardiogram; RWMA, regional wall

motion abnormality.

Table 1. Demographics of participants by coronary intervention status.

No coronary intervention Coronary intervention Total
Patient characteristics (n=117) (n=104) (n=221) P-value
RWMA present on EP-POC TTE, no. (%) 38 (32.5%) 40 (38 5%) 78 (35.3%) 0.62
ED setting, no. (%)
Quaternary care academic ED 104 (88.9%) 90 (86.5%) 194 (87.8%) 0.74
Suburban freestanding ED 13 (11.1%) 14 (13.5%) 27 (12.2%)
Age, mean, yr (SD) 62.8 (14.1) 67.1 (12.1) 64.8 (13.4) 0.01*
Female, no. (%)
Female 53 (45.3%) 22 (21.2%) 75 (33.9%) <0.01*
Male 64 (54.7%) 82 (78.8%) 146 (66.1%)
Ethnicity, no. (%)
Hispanic or Latino 13 (11.1%) 9 (8.7%) 22 (10.0%) 0.83
Non-Hispanic 103 (88.0%) 94 (90.4%) 197 (89.1%)
Other/unknown 1 (0.9%) 1(1.0%) 2 (0.9 %)
Race, no. (%)
Asian 3 (2.6%) 3 (2.9%) 6 (2.7%) 0.04*
Black 23 (19.7%) 7 (6.7%) 30 (13.6%)
White 81 (69.2%) 86 (82.7%) 167 (75.6%)
Other/unknown 10 (8.5%) 8 (7.7%) 18 (8.1%)

RWMA, regional wall motion abnormality; POC TTE, point-of-care transthoracic echocardiogram.
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Table 2. Diagnostic test characteristics of presence of regional wall motion abnormality on emergency physician-performed point-of-care

transthoracic echocardiography for coronary intervention.

Prevalence, % Sensitivity, %

Specificity, %

Positive likelihood Negative likelihood

Group (95% ClI) (95% ClI) (95% ClI) ratio (95% ClI) ratio (95% ClI)

All encounters 35% 38% 68% 1.18 0.91
n=221 (29-42%) (29-49%) (58-76%) (0.83-1.69) (0.75-1.11)
Elevated troponin 37% 41% 66% 1.18 0.90
n=193 (30-45%) (30-51%) (56-75%) (0.82-1.71) (0.72-1.13)
No prior 19% 43% 93% 6.00 0.62
RWMA (5-42%) (10-82%) (66—100%) (0.75-47.71) (0.32-1.19)
n=21

Cl, confidence interval; RWMA, regional wall motion abnormality; CI, confidence interval.

(Table 1). The coronary intervention/referral group was
statistically older (mean age 67.1), more likely to be male
(78.8%), and less likely to identify as Black.

In our overall study population, RWMA was present
in 35% (95% CI 29-42%) of cases. Interrater reliability
for presence of RWMA prior to adjudication was
0.37 (95% C1 0.25-0.49). Presence of RWMA had 38% (95%
CI 29-49%) sensitivity and 68% (95% CI 58-76%) specificity
for coronary intervention/referral. The positive likelihood
ratio was 1.18 (95% CI 0.83-1.69) and negative likelihood
ratio was 0.91 (95% CI 0.75-1.11). Prevalence of RWMA
and test characteristics for intervention were similar in the
subgroup of patients with an elevated troponin at any time in
the ED. Among these cases, RWMA was present in 37%
(95% CI 30-45%). Presence of RWMA had 41% (95% CI
30-51%) sensitivity and 66% (95% CI 56-75%) specificity for
coronary intervention/referral. The positive likelihood ratio
was 1.18 (95% CI 0.82-1.71) and negative likelihood ratio
was 0.90 (95% CI 0.72-1.13).

We identified a small subgroup of 21 encounters with the
most recent cardiology TTE explicitly documenting the
absence of any RWMA. In this subgroup, RWMA was now
present in 19% (95% CI 5-42%). Presence of RWMA had
43% (95% CI 10-82%) sensitivity and 93% (95% CI
66—-100%) specificity for coronary intervention/referral. The
positive likelihood ratio was 6.00 (95% CI 0.75-47.71) and
negative likelihood ratio was 0.62 (95% CI 0.32-1.19). A
summary of all test characteristics is shown in Table 2 for
each group.

In 158 encounters (71.5%), a subsequent cardiology TTE
was identified, which explicitly commented on the presence
or absence of RWMA during the same admission. The ED
RWMA had 57% (95% CI1 47-67%) sensitivity and 97% (95%
CI 87-100%) specificity for RWMA on cardiology TTE.
There were only two cases in which an RWMA was felt to be
present in the ED but not on cardiology TTE.

DISCUSSION
The determination of which ED NSTE-ACS patients
would benefit from expedited coronary intervention has been

a longstanding challenge. The traditional paradigm of
dividing patients into STE-ACS vs NSTE-ACS groups
resulted in about 25% of missed acute coronary occlusion
that would have been potentially amenable to more urgent
intervention.* More recently, a new paradigm of stratifying
patients into occlusion myocardial infarction (OMI) vs non-
occlusion myocardial infarction (NOMI) has been
proposed.”” This paradigm is similar to the distinction made
in the 2022 American College of Cardiology Expert
Consensus Decision pathway on the Evaluation of Acute
Chest Pain in the Emergency Department, which makes a
distinction in management recommendations between
NSTE-ACS Type 1 (occlusive disease related to
atherosclerotic plaque rupture and thrombosis) and Type 2
(non-occlusive process related to an oxygen supply/demand
mismatch).?' Our study adds to this body of work by
demonstrating the potential role for detection of RWMA on
EP-performed POC TTE as part of a comprehensive
evaluation for suspected occlusive coronary disease.

To our knowledge, this is the first large study evaluating
the test characteristics of RWMA on EP-performed POC
TTE for coronary intervention or referral to CABG. Our
study demonstrated a relatively modest 68% specificity of
RWMA on EP-performed POC TTE for intervention/
referral. This finding is lower although comparable to earlier
studies showing RWMA in cardiology-performed TTE to be
78% specific for significant coronary artery disease (CAD) in
the NSTE myocardial infarction (NSTEMI) population.'
The 35% prevalence of RWMA in our NSTEMI population
was comparable to rates reported by Ha et al in their
review.”> Our reported sensitivity of RWMA for coronary
intervention/CABG referral in patients with elevated
troponins does appear to be lower than previously reported.

Prior studies noted RWMA on cardiology TTE in the ED
in 77-92% of NSTEMI patients.'*'*!” In the prehospital
setting, Bergmann et al found that prehospital RWMA on
EP-performed POC TTE was higher at 91% sensitivity for
NSTEMI and correlated to occluded coronary vessels seen in
85% of PCI cases.'” Peels et al found RWMA to be 88%
sensitive in significant CAD.'* Differences in test
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characteristics may be partially attributable to inclusion of
subjects with prior known CAD, history of MI, congestive
heart failure, or prior RWMA, when other studies excluded
these patient populations.'>!*!”

Another likely factor contributory to our lower sensitivity
is the inclusion of EP-performed POC TTE for indications
other than assessment of RWMA, as dedicated assessment of
regional walls is not part of our typical institutional EP-
performed POC TTE protocol. These studies were primarily
conducted for the assessment of alternative non-ACS entities
in the clinical differential and, thereby, may have
inadequately visualized some regional walls. Images were
also obtained by a variety of individuals, including attending
physicians, resident physicians, other clinicians, and learners.
The combination of diverse indications for studies and
variable experience of those performing sonography likely
also contributed to the limited interrater reliability on
subsequent expert interpretation due to variable image
quality and the high rate of studies felt to be uninterpretable
due to insufficient views obtained. In retrospect, given the
lower than expected interrater reliability, future studies
should consider more robust adjudication schemes such as a
third rater and prescribed protocols for image acquisition to
ensure adequate study quality.

It should also be noted that presence of a positive ED
troponin did not significantly impact our EP-performed POC
TTE test characteristics. This is likely related to the
observation that most patients in the study had an elevated
troponin at some time during their ED stay.

The most interesting subgroup in this study consisted of
encounters with “new” RWMA on EP-performed POC
TTE. While findings in this population were limited by
sample size, the likelihood ratio and specificity appeared to
trend higher than the overall study population. This suggests
they may be a promising population for further ED-based
studies, particularly as electronic health record integration
progresses, and higher numbers of patients have accessible
prior cardiology TTE reports. The presence of a new RWMA
in a patient with a previously normal echocardiogram does
seem reasonably likely to represent an occlusive coronary
process given the physiology of RWMA development,
although the time course of this event likely depends on the
age of the prior echocardiogram.

While our results yielded a mildly positive point estimate
for the positive likelihood ratio of any RWMA in predicting
need for intervention, the width of the ClIs prevents us from
making any definitive conclusions about newly identified
RWMA. It is feasible that a larger sample size, or one that is
prospectively collected and intended to focus on RWMA,
could be more definitive. As old myocardial scarring may
cause RWMA, it makes sense that not all RWMA are
indicative of acute occlusion, and we were hampered in
determining the presence of “new” RWMA by the relative
paucity of prior normal TTEs.

Finally, we found EP-performed POC TTE interpretation
of RWMA to be 96% specific to cardiology detection of
RWMA. This finding is comparable to Saglam et al who
found a specificity of 92% when comparing EP and
cardiology TTE interpretation.”® Overall, these results
suggest that RWMA s diagnosed by EPs are persistent on
subsequent echocardiography. The lower sensitivity may
partially relate to temporal effects, as cardiology TTEs were
performed later during the admission after which further
ischemia may have led to the development of an RWMA not
present at the time of ED assessment.

LIMITATIONS

This study was conducted at an academic quaternary-care
system with an active emergency ultrasound training
program, which may limit the generalizability of the results
to institutions with less expertise in point-of-care ultrasound.
However, ultrasound training has become widespread
throughout EM residency training, and there is likely general
and growing familiarity with point-of-care ultrasound in
non-academic settings. Prior studies have also shown that
EM attendings and residents with limited prior ultrasound
experience can be effectively trained to detect RWMA
abnormalities on POC TTE.'®**?° Because the study
population only included patients not meeting
catheterization laboratory activation criteria on initial ED
ECG, but who underwent coronary angiography, these
patients were likely considered higher risk for intervenable
occlusion by either the ED or inpatient team. Thus, our
RWMA findings in EP-performed POC TTE should be
interpreted with caution in patients in lower risk categories.
We did not include patients who may have had OMI on
coronary angiography but were medically managed as these
patients could not be reliably identified with the available
clinical documentation. Additionally, the specific walls
involved on EP-performed POC TTE were not correlated to
the involved vessels on angiography, presenting an area for
further research. Finally, given the study design it was not
possible to establish a causal relationship between RWMA
and coronary intervention.

CONCLUSION

Presence of regional wall motion abnormalities on
emergency physician-performed point-of-care transthoracic
echocardiogram had limited sensitivity or specificity for
coronary intervention or referral to coronary artery bypass
grafting. The observed specificity was higher in subjects with
a prior echocardiogram demonstrating absence of RWMA,
but the certainty of this finding was limited by our small
sample size. Emergency physician-performed POC TTE
RWMA had high specificity for presence of RWMA on
subsequent cardiology TTE. Future studies to evaluate
the test characteristics in a larger group of subjects
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with prior absent RWMA on cardiology TTE
are needed.
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Introduction: Interruptions that occur during sign-out in the emergency department (ED) may affect
workflow, quality of care, patient safety, errors in documentation, and resident education. Our objective in
this study was to determine the frequency and classification (emergent vs non-emergent, in-person vs
phone call) of interruptions that occur during emergency medicine (EM) resident sign-out before and after
the institution of a group sign-out process involving residents and attending physicians.

Methods: A convenience sample of sign-out observations between EM residents were observed and
coded between April-December 2021. We excluded sign-out observations of pediatric patients

(<18 years of age) and observations not conducted in the main ED. Collected data included number of
patients signed out during each observation; total duration in minutes for each observation; total number
of interruptions during each observation; and type of interruption (emergent vs non-emergent, in-person
vs phone call). We further stratified data before and after the institution of a group sign-out process
(July 2021).

Results: We performed data analysis on 58 individual and 65 group sign-out observations, respectively.
Although the total number of patients signed out, the total duration of sign-outs observed, mean number
of patients signed out per minute, and mean duration of sign-out per observation were more for the group
sign-out aggregate compared with the individual sign-out aggregate, the total number of interruptions
(44 vs 73, P=0.007), number of interruptions per minute (0.05 vs 0.16, P < 0.001), total number
of non-emergent interruptions (38 vs. 67, P = 0.005), and total number of in-person interruptions
(14 vs 44, P < 0.001) was less in the group sign-out compared with the individual sign-out totals.

Conclusion: Based on our sample, although the total duration of group sign-out with both residents and
an attending was longer than individual resident-to-resident sign-out, the total number of interruptions,
number of interruptions per minute, total number of non-emergent interruptions, and total number of in-
person interruptions was less in the group sign-out. Group sign-out may be an option to limit the negative
effects of interruptions in the ED. [West J Emerg Med. 2024;25(1)17-21.]
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INTRODUCTION

The sign-out of patient information from one emergency
physician to the next is a critical time that requires their
undivided attention. Essential information—such as the
history of present illness, past medical history, physical
examination findings and vital signs, differential diagnosis,
emergency department (ED) management, and disposition
based on the response to interventions and diagnostic
testing—is often communicated during the sign-out
process.' Yet the sign-out process is frequently
interrupted for both emergent and
non-emergent reasons.

Previous literature has described disturbances during the
ED shift with clear delineations between “multitasking” and
interruptions.” Some authors have also detailed the quantity
and quality of interruptions experienced by emergency
physicians.® Specifically, interruptions took place most
frequently during information exchange at nursing and
doctor stations, and in-person interruptions were the most
common type of interruption. Such interruptions have
resulted in residents experiencing decreased efficiency and
productivity ultimately measured by increased documenting
time, more frequent patient readmissions, less face-to-face
patient interaction time, and additional phone calls from
consultants, nurses, and other healthcare staff about
incorrect orders.”*

These interruptions can manifest as loss of critical patient
information or misinterpretation of patient status, which
ultimately pose a risk to patient safety.! Lastly, oncoming
physicians who assume responsibility of patients must
summarize each patient encounter and create an addendum
in the electronic health record (EHR). As reliance on the
EHR increases, errors in documentation and communication
may increase due to frequent interruptions during the sign-
out process. Unanticipated or anticipated stressors may
contribute to mistakes, which may result in auditing of notes
or other legal implications that could have been otherwise
avoided.’ In addition to the effect that interruptions have on
the quality of care provided, patient safety, and physician
documentation, resident physicians may be subjected
to disjointed education when lessons are frequently
incongruent, as their peers and educators are often called
away to answer questions, address complaints, and assist
patients because of interruptions that may or may not be
emergent or urgent.6

To our knowledge, there have been no published studies
examining the frequency and classification of interruptions
that occur during an emergency medicine (EM) resident sign-
out, nor have there been descriptions of these interruptions
based on individual resident to resident vs group sign-out
process involving both residents and attending physicians. In
this study our objective was to determine the frequency and
classification (emergent vs non-emergent, in-person vs phone
call) of interruptions that occur during EM resident sign-out

Population Health Research Capsule

What do we know about this issue?
Depending on setting, some signout methods
are more effective. No known study has
examined quantitative differences between
one-to-one versus a group signout at an
academic institution.

What was the research question?

How do individual versus group signouts in the
ED differ in types and frequency of
interruptions experienced?

What was the major finding of the study?
Group sign-outs take longer (8.0 vs. 13.7
minutes) but experience less frequent
interruptions (0.05 vs. 0.16 per minute ) when
compared to individual sign-outs in the
emergency department.

How does this improve population health?
Less frequent interruptions during shift
change allow for accurate and timely
exchange of patient information critical
to care during patients’ stays in the
emergency department.

at Penn State Hershey Medical Center before and after the
institution of a group sign-out process.

METHODS

We conducted a prospective, observational cohort study
at Penn State Hershey Medical Center Level I trauma, a
designated, tertiary care academic ED in central
Pennsylvania, between April 2021-December 2021. A
convenience sample of sign-out observations between EM
residents were observed and coded by research assistants
(RA). The RAs were instructed to record the time at shift
change when residents began to verbally sign out with one
another, and document total time as well as frequency and
type of interruptions. We excluded sign-out observations of
pediatric patients (<18 years of age), sign-out observations
involving non-EM residents and medical students, and sign-
out observations that were not conducted in the attending
physician/nurses’ station of the main ED.

We excluded pediatric patients since the number of
interruptions involving medical command and medical/
traumatic resuscitations involving children would likely be
less frequent. Sign-out observations involving non-EM
residents and medical students were also excluded since most

Western Journal of Emergency Medicine

Volume 25, No. 1: January 2024



Lin et al.

Interruptions During Sign-out Between EM Residents

emergent interruptions would be handled by EM residents,
and the majority of adult patients in the Level I ED were
managed by EM residents. We excluded sign-outs that
occurred outside the attending physician/nurses’ station

of the main ED (only applicable during the individual sign-
out phase) since we wanted to capture all in-person
interruptions due to the nature of their

central location.

Emergency medicine residents were notified by email
regarding the purpose of the research study, the role of the
RA during the sign-out process, and that the presence of the
RA would not affect the overall process of sign-out. Nurses
and other staff were not aware this study was ongoing. Due
to the nature of the teaching hospital, the presence of two
additional medical students in an area with high visibility and
other learners would be unlikely to influence the frequency
of interruptions.

Data collected by the RA for each sign-out observation
included the following: number of patients signed out during
each observation; total duration in minutes for each
observation; total number of interruptions during each
observation; and type of interruption (emergent vs non-
emergent, in-person vs phone call). Emergent interruptions
included command calls (requests) or medical/traumatic
resuscitations for patients in the ED, and often occurred by
phone call or overhead announcements. Non-emergent
interruptions included in-person and phone call interruptions
for scenarios that did not require the resident’s immediate
response or action (non-resuscitation scenarios). The RAs
were available to observe and collect data during the three
sign- out periods spread out during the day: 6 Am to 8 am, 2 PM
to 6 pM, and 10 pM to midnight. The total time of sign-out
included whether the resident had to address either emergent
or non-emergent interruptions and the sign-out would
resume where it had been left off following resolution

At our institution we adopted a group sign-out process
involving all residents and one attending physician starting
on July 1, 2021, with the hope of increasing attending
physician presence at sign-out to streamline care of patients
and limit errors associated with the sign-out process, as well
as increase the amount of education provided to all learners.
Prior to July 1, 2021, the sign-out process occurred “one-on-
one” between the outgoing and incoming resident around
computers located at the attending physician/nurses’ station
of the main ED. After July 1, 2021, the sign-out process
occurred as a group of attending physicians, residents and
medical students, discussing all the patients assigned to
the team, around the attending computer located at the
attending physician/nurses’ station of the main emergency
department (see Figure 1). Each EM resident carries a mobile
phone assigned to them for each shift, and can be contacted
at any time during their shift by ED or other hospital staff
(such as consultants, primary care physicians, social workers,
patient logistics, etc).

Data collected by the RA were imported in REDcap, a
secure, web-based software platform designed to support
data capture for research studies hosted at Penn State.
Descriptive statistics were generated and included the means,
medians, standard deviations and 95% confidence intervals
for continuous variables; percentages were calculated for
categorical variables. To compare the group vs individual
sign-out process as continuous variables, we used a two-
sample z-test. To compare between the group and individual
sign-out process as categorical variables, we used a binomial
test for proportions. All tests were two-sided and were
considered statistically significant if the P-value was <0.05.
The statistical analysis was performed using SAS software,
version 9.4 (SAS Institute Inc, Cary, NC).

The institutional review board approved the study. No
funding or grants were received for research or preparation
of this manuscript.

of the interruptions.

Computer

Attending
1

Figure 1. Diagram of individual sign-out (A) compared to group sign-out (B). Individual sign-out consisted of the outgoing resident (Res 1)
signing out patients to the incoming resident (Res 2); this would be intern to intern, senior to senior, etc. The group sign-out process included
the outgoing attending, senior, and intern (1) signing out patients to the incoming attending, senior, and intern (2). With this group sign-out
format, each member of the physician team heard about all patients.

Res, resident.
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Table 1. Characteristics of individual and group sign-out observations.

Individual sign outs,

Group sign outs,

mean + SD (95% CI) mean + SD (95% Cl) P-value
Mean number of patients signed out per minute 0.63 +0.26 (0.56, 0.70) 0.79+0.26 (0.73, 0.86) <0.001
Mean duration of sign-out per observation (minutes) 7.97 £5.79 (6.44, 9.49) 13.66 +5.34 (12.34, 14.99) <0.001
Total number of interruptions recorded for all observations 73 (62.4%) 44 (37.6%) 0.007
Mean number of interruptions per minute 0.158 + 0.21 (0.10, 0.22) 0.049 + 0.06 (0.03, 0.06) <0.001
Total number of emergent interruptions 6 (50.0%) 6 (50.0%)° 1.00
Total number of command calls 4 (50.0%) 4 (50.0%) 1.00
Total number of non-emergent interruptions 67 (63.8%) 38 (36.2%) 0.005
Total number of phone call interruptions 23 (46.9%) 26 (53.1%) 0.67
Total number of in-person interruptions 44 (75.9%) 14 (24.1%)° <0.001

3For emergency interruptions during the individual sign-out observation period (n = 6), all interruptions were overhead announcements.
PFor emergent interruptions during the group sign-out observation period (n = 6), two interruptions were in person and four interruptions were

overhead announcements.

°Of the 14 in-person interruptions during the group sign-out observation period, two were emergent interruptions.

Cl, confidence interval.

RESULTS

We performed data analysis on 58 individual sign-out
observations and 65 group sign out observations. (Six
individual sign-out observations and one group sign-out
observation was excluded due to missing data on duration of
sign-out observation). Although the total number of patients
signed out, the total duration of sign- out observed, mean
number of patients signed out per minute, and mean duration
of sign-out per observation were more for the group sign-out
aggregate compared with the individual sign-out aggregate,
the total number of interruptions (44 vs 73, P =0.007),
number of interruptions per minute (0.05 vs 0.06,
P <0.001), total number of non-emergent interruptions
(38 vs 67, 0.005), and total number of in-person interruptions
(14 vs 44, P <0.001) was less in the group sign-out aggregate
compared with the individual sign-out aggregate (Table 1).

DISCUSSION

Patient handoff is a critical time that has been estimated to
contribute to approximately 80% of medical errors, even
outside the ED when transitioning between facilities.” The
effectiveness of the hand-off process has been studied in one
non-academic institution that uses electronic sign-outs to
increase the number of admits from the ED to the inpatient
hospital team; however, in doing so, it also increased the total
duration of sign-outs.® No prior studies have examined the
hand-off process between ED residents to one another, or as
a team in the presence of an attending. Yet with the nation’s
healthcare systems relying heavily on EHR, electronic sign-
outs may be a component of care that could help minimize
interruptions and improve efficiency. Thus, understanding
the multiple variables that can influence the hand-off process
and time can indirectly optimize transitions between patient

care. Our study compares the change from one process
involving hand-offs between ED resident to ED resident, to a
team of residents and one attending at an academic
institution. Ultimately, this study provides some insight
into the clinical operations that occur during the

hand-off process.

The objective of our study was to determine the frequency
and classification (emergent vs non-emergent, in-person vs
phone call) of interruptions that occur during EM resident
sign-out at our institution before and after the institution of a
group sign-out process that included multiple residents and
one attending physician. Based on our results, although the
total duration of group sign-out was longer than individual
sign-out, the total number of interruptions, number of
interruptions per minute, total number of non-emergent
interruptions, and total number of in-person interruptions
were less in the group sign-out aggregate. This data
signifies that by using a team-based, collective sign-out
process, there are fewer interruptions, which could
ultimately result in improving ED workflow, quality
of care provided, patient safety and outcomes, errors in
physician documentation, and resident education
provided or learned.

Although there was a statistically significant difference in
the total duration of sign-out per observation, the benefits of
group sign-out, such as ED attending physician presence to
streamline care of patients and limit errors associated with
the sign-out process, to increase the amount of education
provided to all learners, and to reduce interruptions, may
outweigh the increased time spent during the sign-out
process. Ultimately this process may be more efficient on
multiple fronts, as there were more patients signed out
per minute.
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The reduction in the total number of interruptions,
number of interruptions per minute, total number of non-
emergent interruptions, and total number of in-person
interruptions after institution of a group sign-out process
may be due to the fact that ED staff may be less likely to ask
questions and discuss less emergent details when a large team
is visibly signing out together, especially when the ED
attending physician is present. There was no evidence to
suggest that there was a statistically significant difference in
the number of emergent interruptions; thus, implementing a
group sign-out process would not hinder the team from
acting appropriately in the event there was an emergency that
appropriately warranted interruption. While the frequency
of emergent interruptions cannot be controlled for, the goal
of implementing a group sign-out process was to reduce the
number of non-emergent interruptions, a decrease that was
statistically significant from our study’s data. This can be
attributed to multiple reasons that may not be able to be
dissected, as a multitude of factors could be at play, including
individuals being less inclined to interrupt a large group of
individuals, the presence of the attending physician, or
greater visibility and awareness of the sign-out process.

LIMITATIONS

There are several limitations associated with our study.
Our study was conducted at a single site at a Level I trauma-
designated, tertiary-care academic ED in central
Pennsylvania; therefore, our results may not be generalizable
to all EDs in the United States. We conducted a convenience
sample of sign-out observations limited to adult patients and
involving only EM residents, and thus our results may not be
applicable to pediatric EDs and sign-out involving non-ED
residents. Furthermore, our study was conducted during the
COVID-19 pandemic, and because of guidelines to protect
healthcare workers (use of personal protective equipment,
social distancing, etc), the frequency and classification of
interruptions may not reflect non-pandemic times. Lastly,
although our objective in this study was to determine the
quantity and classification of interruptions that occur during
EM resident sign-out, we did not determine whether these
interruptions ultimately affected ED workflow, quality of
care provided, patient safety and outcomes, errors in
physician documentation, and resident education provided
or learned.

CONCLUSION

Based on our sample, although the total duration of group
sign-out was longer than individual sign-out, the total
number of interruptions, number of interruptions per
minute, total number of non-emergent interruptions, and

total number of in-person interruptions were less in the group
sign-out aggregate compared with the individual sign-out
aggregate. Group sign-out may be an option to limit the
negative effects of interruptions in the ED, such as the effect
on workflow, quality of care provided, patient safety and
outcomes, errors in physician documentation, and resident
education provided or learned.
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Background: Providing adequate paralysis and appropriate sedation is challenging in patients with
obesity during rapid sequence intubation (RSI). Pharmacokinetic parameters play an important role in
dosing of rocuronium due to low lipophilicity. Rocuronium may be dosed based on ideal body weight
(IBW). Current guidelines do not offer recommendations for dosing in the setting of obesity. Dosing
depends on clinician preference based on total body weight (TBW) or IBW.

Objectives: In this study we performed non-inferiority analysis to compare the intubation conditions,
duration of paralysis, and incidence of new-onset tachycardia or hypertension after intubation in obese
patients requiring RSI in the emergency department (ED).

Methods: This was a single-center, prospective, observational study. Eligible for enrollment were adult
patients with a TBW >30% IBW or body mass index >30 kilograms per meters squared who presented to
the ED requiring RSI with the use of rocuronium. Rocuronium was dosed according to intubating
physicians’ preference. Physicians completed a survey assessing intubation conditions. Height and
weight used for the calculation of the dose, the dose of rocuronium, time of administration, and time of
muscle function recovery were recorded. Endpoints assessed included grading of view during
laryngoscopy, first-past success, and duration of paralysis.

Results: Intotal, 96 patients were included, 54 in TBW and 42 in IBW. The TBW cohort received a mean
of 1 milligram per kilogram (mg/kg) compared to 0.71 mg/kg in the IBW group. Excellent intubation
conditions were observed in 68.5% in the TBW group and 73.8% in the IBW group. The non-inferiority
analysis for relative risk of excellent intubation was 1.12 (P=0.12, [90% CI 0.80-1.50]).

Conclusion: Non-inferiority analysis suggests that IBW dosing provides similar optimal intubation
conditions when compared to TBW dosing, but the noninferiority comparison did not reach
statistical significance. This study was unable to show statistical non-inferiority for IBW

dosing. [West J Emerg Med. 2024;25(1)22—27 .]

Keywords: rocuronium; rapid sequence intubation; intubation conditions; obesity; ideal body weight;
total body weight.
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INTRODUCTION
Background

Approximately one third of adults in the United States
suffer from obesity.! Caring for this population is becoming
more common in the emergency department (ED). Patients
with obesity pose a unique challenge to the successful
performance of rapid sequence intubation (RSI).> Factors
potentially influencing RSI include neck circumference,
anterior neck adipose tissue, and prevalence of concomitant
lung disorder. These anatomic concerns have led to obesity
being identified as an independent risk factor for
difficult intubation.’

The ED setting poses inherent difficulty in the dosing and
pharmacokinetics of RSI medications. An unfasted,
unstable, or anatomically complex patient provides a true
challenge in the dosing of RSI medications.* Further
confounding this issue are patients presenting with obesity.
Weights used to dose RSI medications often rely on clinician
estimations. Clinical staff in the ED have demonstrated an
unreliable ability to estimate patients total body weight
(TBW), with only 23% of physicians accurately estimating
within 10% of actual patient weight in patients with a body
mass index (BMI) >30 kilograms per meters squared.’
Inaccurate estimations may result in inappropriate
amounts of paralytics. Underdosing may lead to difficult
intubation conditions, increasing the risk of aspiration of
gastric contents, airway trauma, hypoxia, and death.®
Conversely, supratherapeutic dosing of paralytic
agents may lead to unrecognized under-sedation, resulting
in patient awareness. This may increase the risk of
hypertension, tachycardia, difficulty obtaining timely
neurologic exam and, ultimately, post-traumatic
stress disorder.’

Rocuronium is a routinely used neuromuscular blocking
agent in the ED.® It has a relatively low lipophilicity,
moderate serum protein binding, and small volume of
distribution compared to other commonly administered
paralytics.” This allows therapeutic serum levels of
rocuronium to be achieved using ideal body weight (IBW), as
accumulation is not expected to occur in adipose tissue.
Due to the paucity of data surrounding appropriate
dosing weight for rocuronium in patients with obesity,
dosing remains dependent on practitioner preference.

The few studies that have compared rocuronium dosing
in patients with obesity typically occurred in
surgical settings.'*!!

Goals of This Investigation

In this study our goal was to compare, via non-
inferiority analysis, the intubation conditions, duration
of paralysis, and incidence of new-onset tachycardia or
hypertension after intubation in obese patients requiring
RSI in the ED.

Population Health Research Capsule

What do we already know about this issue?
About one third of adults in the US suffer from
obesity. Patients with obesity pose a challenge
in dosing of rocuronium in the setting of rapid
sequence intubation.

What was the research question?

This study compared rocuronium dosing
based on ideal body weight (IBW) and
total body weight (TBW ).

What was the major finding of the study?
Results suggest similar efficacy in optimal
intubation conditions between IBW (73.8%)
and TBW (68.5%, p =0.12 [0.8-2.5]), as
well as shorter duration of paralysis

when dosing patients based off IBW

(43 vs 71 minutes, p < 0.001 ).

How does this improve population health?
Given challenges in determining a patient’s
TBW, rocuronium dosing in patients with
obesity may be done using their IBW, but this
study failed to show the two to be statistically
equivalent.

METHODS
Study Design and Setting

We conducted this prospective, observational study at a
single, tertiary, community teaching ED. Study recruitment
occurred from December 1, 2018—May 2, 2021. Patients were
included if they presented to the ED while a clinical
pharmacist was on duty, underwent RSI with rocuronium,
had a BMI >30, or TBW >30% of IBW. Patients were
excluded if they were under the age of 18, had known
neuromuscular disease, known allergy or sensitivity to
rocuronium, or concomitant medications known to interfere
with neuromuscular transmission. Design of this
observational study was done in alignment with the
STROBE checklist. Study approval was granted by the local
institutional review board.

Interventions

Immediately prior to the procedure, the intubating
physician would ask the clinical pharmacist to dose
rocuronium based on IBW or TBW. The IBW dose was
obtained via the pharmacist using a measuring tape bedside
and the Devine formula, with dosing at 1milligram per
kilogram (mg/kg). Dosing by TBW used recent chart
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documentation within the prior three months, measured bed
weight, or estimation by the medical team. Both dosing
strategies were capped at 100 mg. All patients were weighed
after intubation. Upon administration of the paralytic,

the pharmacist at bedside announced passage of time at
15-second intervals. Laryngoscopy was performed at the
discretion of the intubating physician based on passage of
time, diaphragmatic movement, and patient-specific
clinical factors.

Measurements

The pharmacist noted height and weight used for the
calculation of the dose, dose of rocuronium, time of
medication administration, time of intubation, need for
repeat dose of paralytic, use of bougie, post-rocuronium
hypoxia defined as a pulse oximeter reading of <90%, and the
education level of the intubating physician. Time of muscle
function recovery was observed and documented by either
the nurse or clinical pharmacist present at the bedside. This
was determined by spontaneous movement or spontaneous
breathing. Post-intubation sedation selection and dosing was
initiated at the discretion of the intubating physician. Data
collection was performed prospectively, and abstractors were
not blinded to the study hypothesis.

Outcomes

The primary outcome measured was the incidence of poor,
good, or excellent intubation conditions, measured using a
validated nine-point Good Clinical Research Practice
Guidelines Airway Assessment survey (Figure 1), which was
provided to the intubating physician.'? Secondary endpoints
included first-pass success, duration of paralysis, and
incidence of suboptimal sedation defined as post-intubation
systolic blood pressure and/or tachycardia greater than 30%
of baseline.

Statistical Analysis

Using non-inferiority analysis, we analyzed the null
hypothesis that intubating conditions (excellent/good/poor)
in patients with obesity undergoing RSI in the ED did not
differ based on use of IBW or TBW to calculate rocuronium
doses. This resulted in an estimated subject sample size of
90 patients, on the assumption of “excellent” conditions
occurring in 80% of intubations, with a 10% non-inferiority
margin, and 80% power. We used the Farrington-Manning
method for the non-inferiority analysis. Descriptive statistics
were calculated for all variables and presented as mean +SD
for continuous variables and count/percentages for
categorical variables. We made comparisons between groups
for all outcomes using chi-square or Fisher exact tests as
necessary for categorical data and Student ¢-tests or Mann-
Whitney tests as appropriate for all continuous data. All tests
were two-tailed and a P-value of 0.05 was considered
statistically significant in all analyses.

RESULTS
Characteristics of Study Subjects

We collected data on 104 patients. Eight were excluded as
they did not meet pre-specified obesity criteria (Figure 2).
The remaining 96 patients were included for analysis. The
TBW cohort included 54 subjects, while 42 were included in
the IBW arm. (Summary of demographics can be found on in
Table 1). Median actual body weight was similar in the TBW
group (98.0 kg) as compared to the IBW group (98.9 kg). The
TBW arm consisted of 51.9% females as compared to 64% in
the IBW arm. Median age was similar between both cohorts,
60 and 65 years in TBW and IBW, respectively. Etomidate
was the most routinely selected induction agent (92.6% and
90.5%). Median rocuronium dose used was 100 mg
compared to 70 mg, respectively (P < 0.001) (Table 1).
Median dosing weight used was 98 kg in TBW and 70 kg in

Excellent Good Poor

Laryngoscopy

Jaw relaxation Relaxed Not fully Poor

Resistance to laryngoscope None Slight Active
Vocal cords

Position Abducted Intermediate Closed

Movement None Moving Closing
Intubation response

Movement of limbs None Slight Vigorous

Coughing None Slight Sustained

Figure 1. Good Clinical Research Practice Guidelines Airway Assessment.
Intubating conditions: excellent = all qualities excellent; good = all qualities are excellent or good; poor = any quality is poor.
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104 Patients Presented to the ED between December 1st 2018 and May 1st 2021

4 Patients were excluded after data collection
due to not meeting obesity criteria

54 Patients received TBW dosing 42 Patients received IBW dosing

Figure 2. CONSORT (Consolidated standards of reporting trials)
diagram.

ED, emergency department; TBW, total body weight; IBW, ideal
body weight.

the TBW (P < 0.001). Mean rocuronium dose based
on actual body was 1 mg/kg (+£0.01) in TBW and
0.71 mg/kg (£0.12) in the IBW cohort.

Main Results

The primary outcome, excellent intubation condition, was
observed in 68.5% of patients in the TBW group and 73.8% in
the IBW group (Table 2). Non-inferiority analysis for
relative risk of excellent intubation was 1.12 (P =0.12, 90%
confidence interval [CI] 0.80-1.50) (Table 3). Pertinent
secondary outcomes analyzed included first-pass success
which was achieved in 92.6% of the TBW cohort compared

Table 1. Patient baseline demographics.

to 85.7% in IBW cohort (P =0.27). Duration of paralysis,
measured by median time to muscle recovery, was observed
at 71 minutes and 43 minutes, respectively (P < 0.001).
Hypoxia was observed in 17.8% of subjects in TBW arm
compared to 3.45% in the IBW cohort (P =0.07). Incidence
of post-intubation hypertension was 44.4% and 23.8% (P =
0.04). The incidence of new-onset tachycardia was similar
between groups, 35.2% and 33.3%. Level of physician
training did not differ between groups (P =0.92). An ad hoc
analysis was performed comparing the combination of
excellent and good views compared to a poor view. All
patients in the IBW were assessed as having a good or
excellent view compared to 94.4% in the TBW arm

(P =0.04, 90% CI 0.94-2.16).

DISCUSSION

The results of the study suggest that there is no difference
in good/excellent intubation conditions when rocuronium is
dosed based on IBW or TBW. Time to muscle recovery was
statistically significant between IBW and TBW dosing. There
was a direct correlation to longer duration of action of
rocuronium in patients who were dosed based on their TBW.
Post-intubation hypertension occurred more frequently in
the TBW cohort, which may indicate underdosing of
sedation. Curiously, hypoxia was found to be higher in the
TBW cohort with an incidence approaching 18%. While not
statistically significant this finding is greater than anticipated
without obvious evidentiary explanation.

In supporting studies, Pappal et al assessed the prevalence
of awareness with paralysis in ED patients who received

Baseline characteristics TBW (n =54) IBW (n =42) P-value

Age, median (IQR) 60 [51-76] 65 [57-81] 0.70
Height (in), median (IQR) 67 [64-71] 68 [66—71] 0.07
Weight (kg), median (IQR) 98 [82—106] 98.9 [83—120] 0.74
Dosing weight (kg), median (IQR) 98 [82—100] 70 [60.0-75.0] <0.001
Female gender, No. (%) 28 (51.9) 27 (64.3) 0.11
Sedative agent

Etomidate 50 [92.6%] 38 [90.5) 0.93

Ketamine 3 [6.6%] 3[7.1)

None 1[1.9%] 1[2.4)
Intubating physician, n (%)

PGY1 12 (22.2) 7[16.7) 0.92

PGY2 13 (24.1) 10 [23.8)

PGY3 23 (42.6) 20 [47.6)

Attending 6 (11.1) 5[11.9)
Use of bougie 5(11.1)
Rocuronium dose (mg), median (IQR) 100 [90-100] 70 [60-80] <0.001

TBW, total body weight; IBW, ideal body weight; IQR, interquartile range; kg, kilogram; PGY, postgraduate year; mg, milligram.
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Table 2. Intubation condition.
Outcomes TBW (n =54) IBW (n=42) P-value
Good Clinical Research Practice Guidelines Airway Assessment, n (%)
Excellent 37 (68.5) 31 (73.8) 0.3
Good 14 (25.9) 11 (26.2)
Poor 3 (5.6) 0 (0)
First-pass success, n (%) 50 (92.6) 36 (85.7) 0.27
Post-rocuronium hypoxia, n (%) 8 (17.8) 1 (3.45) 0.07
Duration of paralysis (min), median (IQR) 71 (57-96) 43 (39-54) <0.001
Incidence of post-intubation hypertension, n (%) 24 (44.4) 10 (23.8) 0.04
Incidence of post-intubation tachycardia, n (%) 19 (35.2) 15 (33.3) 0.85
TBW, total body weight; IBW, ideal body weight; /IQR, interquartile range.
Table 3. Non-inferiority analysis.
Outcomes TBW (n=54) IBW (n=42) P-value 95% CI
Good Clinical Research Practice Guidelines Airway Assessment, n (%) 1.12 [0.80-1.50]
Excellent 37 (68.5) 31 (73.8) 0.12
Good/poor 17 (31.5) 11 (26.2)

TBW, total body weight; IBW, ideal body weight; C/, confidence interval.

mechanical ventilation.® They found awareness with
paralysis was significantly higher in patients who were
exposed to rocuronium. Levin et al assessed the association
of rocuronium dosing on first-attempt success and adverse
outcomes among ED patients.® Their results demonstrated a
higher incidence of first-pass success in rocuronium doses
>1.4 mg/kg. This is in contrast to our findings.
Considerations for this discrepancy may be due to the
conventional “capping” of doses at our institution of 100 mg
and the relative body habitus from the Levin et al cohort.
In their >1.4 mg/kg arm, the documented weight was
remarkably low with a mean of 67.3 kg, and only 13.2%
of the 2,302 subjects met obesity criteria. Meyhoff et al
conducted a study in which rocuronium dosing was
compared in morbidly obese patients scheduled for
laparoscopic banding or gastric bypass. Dosing was based on
either ideal body weight, 20% of corrected body weight
(CBW) and 40 % of CBW.'° Similar to our results, they
report IBW provided a shorter duration of action without
significantly prolonging onset time or compromising
intubation conditions. However, this cohort drastically
differed from ours as it occurred in a controlled surgical
setting and did not include critically ill patients.

LIMITATIONS

The main limitations of this study include the
observational nature of the study design, the use of a
convenience sample, the fact that chart abstractors were not
blinded to the study, and a lack of standardized time from

rocuronium administration to laryngoscopy. First-pass
success is a complicated outcome fraught with many
contributing factors, not necessarily related to paralytic dose.
Variability exists in the scoring of ideal conditions, as it may
depend on comfort level with the procedure itself. Lastly, the
patients’ duration of paralysis was based on a subjective
nature of observation by clinicians.

CONCLUSION

The results of this study suggest that, while similar
intubation conditions appear to be produced with ideal body
weight or total body weight dosing, this study did not show
statistically significant non-inferiority between TBW and
IBW. Additionally, a shorter duration of paralysis was
observed when dosing was based on ideal body weight.
However, additional prospective studies of an interventional
nature are needed to determine optimal dosing of
rocuronium in obesity.
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Introduction: The point-of-care lung ultrasound (LUS) score has been used in coronavirus 2019
(COVID-19) patients for diagnosis and risk stratification, due to excellent sensitivity and infection control
concerns. We studied the ratio of partial pressure of oxygen in arterial blood to the fraction of inspiratory
oxygen concentration (PO./FiO,), intubation rates, and mortality correlation to the LUS score.

Methods: We conducted a systematic review using PRISMA guidelines. Included were articles
published from December 1, 2019—November 30, 2021 using LUS in adult COVID-19 patients in the
intensive care unit or the emergency department. Excluded were studies on animals and on pediatric and
pregnant patients. We assessed bias using QUADAS-2. Outcomes were LUS score and correlation to
PO2/FiO2, intubation, and mortality rates. Random effects model pooled the meta-analysis results.

Results: We reviewed 27 of 5,267 studies identified. Of the 27 studies, seven were included in the
intubation outcome, six in the correlation to PO,/FiO, outcome, and six in the mortality outcome.
Heterogeneity was found in ultrasound protocols and outcomes. In the pooled results of 267 patients,
LUS score was found to have a strong negative correlation to PO,/FiO, with a correlation coefficient of
—0.69 (95% confidence interval [CI] —0.75, —0.62). In pooled results, 273 intubated patients had a mean
LUS score that was 6.95 points higher (95% CI 4.58-9.31) than that of 379 non-intubated patients. In the
mortality outcome, 385 survivors had a mean LUS score that was 4.61 points lower (95% CI 3.64—5.58)
than that of 181 non-survivors. There was significant heterogeneity between the studies as measured by
the 12 and Cochran Q test.

Conclusion: A higher LUS score was strongly correlated with a decreasing PO,/FiO, in COVID-19
pneumonia patients. The LUS score was significantly higher in intubated vs non-intubated patients with
COVID-19. The LUS score was significantly lower in critically ill patients with COVID-19 pneumonia that
survive. [West J Emerg Med. 2024;25(1)28-39.]

INTRODUCTION hospitalized patients with coronavirus disease 2019
The novel severe acute respiratory syndrome coronavirus (COVID-19) develop hypoxemic respiratory failure and
2 (SARS-CoV-2), first described in December 2019, is acute respiratory distress syndrome (ARDS) requiring
responsible for an estimated 768 million infections and nearly  intensive care unit (ICU) admission® with invasive
7 million deaths worldwide.” Approximately 17-35% of ventilation required in 29-91%.” This wide variability reflects
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the evolution of pharmacotherapies and various practice
patterns through different waves of the pandemic in addition
to social and economic factors such as vaccination rates and
availability of ICU-level resources in different countries.*
Given the scale of the pandemic and significant morbidity/
mortality related to COVID-19, efforts have been
undertaken toward the testing and identification of COVID-
19 positive patients at risk for significant morbidity/mortality
based on clinical or radiographic parameters.

Radiographic modalities commonly used in the
evaluation of COVID-19 pneumonia lung involvement
include chest radiograph (CXR) as well as computed
tomography (CT). However, CXR may miss up to 45% of
COVID-19 polymerase chain reaction (PCR)-confirmed
cases™® and correlates poorly with the clinical picture
compared to lung ultrasound (LUS) and CT.*’ Computed
tomography is considered the gold standard imaging
modality for the investigation of patients with COVID-19
pneumonia® but is limited by resource allocation and
transport risks.”'” Studies have found the sensitivity of LUS
for COVID-19 diagnosis to be close to 86-90%'"'? when
performed by experienced operators, with a 85-92%
specificity,'*~'° which is comparable to CT and PCR testing.
Lung ultrasound has the added benefits of being inexpensive,
noninvasive, free of radiation exposure, and easily repeated.

Due to workflow availability and infection control
measures, bedside point-of-care ultrasound (POCUS) has
increasingly been used in the diagnosis and risk stratification
of emergency department (ED) patients as well as to monitor
the progression of COVID-19 disease in the ICU.'°
Ultrasound as a point-of-care imaging modality is well-
suited to COVID-19 patients because COVID-19 lung
changes are sonographically detectable and are prominent in
the lung periphery.'” In particular, sonographic features
of COVID-19 pneumonitis include increased number
of B-lines, pleural line irregularities, and
sub-pleural consolidations.'®

The LUS score was introduced to grade ultrasound
findings based on examination of several lung regions in the
anterior, lateral, and posterior aspects of the left and right
chest wall. Several protocols have been published and differ
in the number of lung zones examined.'” ' Each region is
scored according to four ultrasound aeration patterns with
the final LUS score comprised of the sum of scores in the
evaluated regions. Scores can range from 0-36 depending on
the protocol and number of total examined lung fields. (See
further illustration and detailed discussion of various LUS
protocols by Allinovi et al in Supplement 1).**> A higher LUS
score correlates with an increasing degree of pulmonary
involvement'® and has been shown to correlate with disease
severity and predicts mortality as highlighted by the Berlin
criteria in patients with ARDS.”***

Little is known about the correlation between LUS
findings and abnormalities of gas exchange in COVID-19.

The PO,/FiO, ratio is considered a global index of tissue
aeration.”” It is currently used to assess the severity of
respiratory failure in patients with ARDS?® and correlates to
mortality rate.”’ In COVID-19, many patients present with
respiratory alkalosis with hypoxia that does not correlate
with pulse oximetry measurements.”® This is primarily due to
the left shift of the oxygen—hemoglobin dissociation curve
secondary to alkalosis and low pCO; levels.”® Therefore, the
PO,/Fi0, ratio is the standard measurement used for
evaluation of blood oxygenation in these patients and was
chosen as an outcome for analysis. The LUS score likely
identifies the degree of damaged lung regions that contribute
to hypoxemia through impaired aeration, vasoconstriction,
and shunt,” and it has a strong negative correlation with
PO,/Fi0, values.

Our study objective was to determine whether the LUS
score correlated with the clinical parameters of PO,/FiO,,
intubation rates, and mortality, thus identifying patients at a
high risk of clinical deterioration.

METHODS

In accordance with systematic review guidelines, the study
protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO ID
CRD42020217983). We conducted a systematic review of the
literature with principles from the Preferred Reporting Items
for Systematic Review and Meta-analysis Protocols
(PRISMA-P).***! Included studies evaluated patients
>18 years of age who tested COVID-19 positive by
confirmed PCR testing and used bedside LUS with a
reported LUS numerical scoring system in the ED or ICU.
We excluded animal studies, as well as studies on pediatric
patients, asymptomatic patients, pregnant patients, those
without PCR confirmation of COVID-19 pneumonia, and
studies without a clear description of LUS abnormalities in
numerical scoring. Outcome measures were intubation rates,
mortality, and PO,/FiO, ratio.

A comprehensive search for available research was
performed by a health sciences librarian (MM) with expertise
in systematic review search strategies. Databases Medline,
Embase, Pubmed, Web of Science, Cochrane databases that
mentioned POCUS, ultrasound and COVID-19, SARS
CoV2, and LUS were searched until a cutoff date of
November 30, 2021. The PROSPERO database was also
queried for ongoing or recently completed systematic
reviews. (The PUBMED search strategy is illustrated in
Appendix 1.) Eligible studies selected for further assessment
included the following: randomized and non-randomized
controlled studies; prospective and retrospective cohort
studies; and observational studies. We excluded case reports,
non-original research, and letters to the editor.

Search results were collected in EndNote X9. Two review
authors individually screened the titles and abstracts yielded
by the search against inclusion criteria. Review authors
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Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-analysis extension for scoping review flow diagram (PRISMA-ScR).

**Note: Studies included in meta-analysis (n = 16).
Three articles are in more than one group: Bosso is in both mortality and PO,/FiO, outcome; Rojatti is in both mortality and PO,/FiO,

outcome; and de Alencar is in both intubation and death outcome.

PO,IFiO,, ratio of partial pressure of oxygen in arterial blood to the fraction of inspiratory oxygen concentration.

obtained full-text reports of titles that met inclusion criteria
or where there was any uncertainty. The full-text reports were

screened including whether they met including criteria.

Disagreements were resolved through discussion and. if
necessary, a third reviewer. A list of excluded studies was
recorded based on the reasons for exclusion (Supplement 2).
Results of the search and selection process are illustrated in

Figure 1 and reported according to the PRISMA extension
for scoping review flow diagram (PRISMA-ScR).*” The two
initial review authors were not blinded to the journal titles,
study authors, or institutions.
One reviewer extracted data for studies that met inclusion
criteria by standardized forms. Extracted results were
reviewed by a separate author to minimize errors.

Western Journal of Emergency Medicine

30

Volume 25, No. 1: January 2024



Lai et al.

LUS in COVID-19 Patients Correlates with PO,/Fi0O,

Data abstracted included study characteristics (author,
journal reference, study design, inclusion/exclusion criteria,
index text used, reference test used, general setting),
demographic information, sample size, intervention details,
experience of the operator, timing of the LUS protocol, and
reported patient outcomes. Quantitative data on relative
risk, odds ratio was extracted from original articles and
collected using an Excel-based form (Microsoft Corp,
Redmond, WA). We performed a meta-analysis in Cochrane
RevMan 5.4 using a random effects model.* For studies
with missing outcomes, the original researchers were
contacted for additional information.

We assessed the methodological quality of reported
research using the QUADAS-2 tool (Bristol Medical School:
Population Health Sciences, University of Bristol, UK).*
The domains were evaluated for each included study and are
reported in Supplement 3. QUADAS-2 includes four main
domains: patient selection; index test; reference standard;
and flow and timing. In domain one, patient selection, we
omitted the question “Was a case-control design avoided?”
since we did not include any case series or case reports. In
domain three, reference test, we added signal questions
referring to operators’ expertise and background, technical
features of the US hardware and appropriateness of the
ultrasound protocol.

To reduce bias, the core outcome set was searched in
COMET (Core Outcome Measures in Effectiveness Trials)
Database.’” The Core Outcome Set for Clinical Trials on
Coronavirus Disease 2019 (COS-COVID) had several
outcomes for severity type (composite events, length of

Table 1. Overview of study characteristics of included studies.

hospital stay, PaO,/FiO,, duration of mechanical
ventilation, time to 2019 nCoV RT-PCR negativity) and one
outcome for critical type (all-cause mortality).

We identified a total of 8,094 studies, and 5,267 remained
after duplicates were removed. After screening the titles or
abstracts of 5,267 publications, 2,011 were excluded, 3,256
articles were screened for eligibility, and 47 articles
underwent detailed review. Seven articles were included in
the final meta-analysis for intubation outcome, six articles
were included in the correlation of LUS score to PO,/Fi0,
outcome, and six articles were included in the qualitative
synthesis for mortality outcome (Figure 1). Bosso™®
and Rojatti’’ papers are both included in the
mortality and correlation to PO,/FiO, outcomes,
and de Alencar’® is included in both intubation and
mortality outcomes.

We extracted information from 16 articles according to
predefined criteria. The included studies used LUS in PCR-
confirmed COVID-19-positive patients and had been
published between March 2020-November 2021 with sample
sizes ranging from 10 in Dargent 2020*’ and Tan 2020*" to
312 in Secco 2021.*! Retrospective studies predominated.
There was significant heterogeneity between the studies
regarding ultrasound protocols, performing personnel, and
outcomes reported.

For the meta-analysis, 11 prospective studies, five
retrospective studies, and one cross-sectional study were
identified (Table 1). The studies in the meta-analysis were all
conducted outside the United States, namely in Brazil,
France, China, Italy, Sweden, and Israel. Between the initial

Design N Setting LUS scoring US operators Outcomes

Bonadia 2020°° Single-center 41 ED 14 zones ED staff 5 years Mortality, LUS patterns
prospective POCUS experience correlation with ICU and invasive
cohort ventilation

Bosso 202036 Single-center 53  COVID-19 12 zones Expert clinicians Mortality, degree of hypoxemia
prospective unit
observational

Castelao 2021%° Single-center 63 Inpatient and 12 zones Unknown operator Distribution of US findings, LUS
prospective respiratory correlation with P/F ratio
observational intermediate

care unit

Dargent 2020%° Single-center 10 ICU patients 12 zones LUS trained Clinical course, intubation,
prospective practitioners until ventilator associated pneumonia
observational interobserver

agreement

De Alencar 20218 Single-center 180 ED 12 zones Emergency physicians Death, intubation, ICU admission
prospective
cohort

(Continued on next page)
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Table 1. Continued.

Design N Setting LUS scoring US operators Outcomes

Deng 2020%° Single-center 128 ICU patients 8 zones Sonographers with Correlation of LUS scores to CT
retrospective WINFOCUS 2—-10 years experience scores
cohort blinded and

undefended observers

Duclos 20214® Multicenter 57 ICU 12 zones LUS operators- LUS to predict 28-day mortality
retrospective academic teacher with
observational publications or expert

Li 202148 Single-center 48 ICU 12 zones Unknown, then senior  LUS score correlation to
prospective ICU physician CCUSG PaO,/FiO,, APACHE II, 28-day
observational certified interpretation ~ mortality
cohort

Lichter 2020*° Single-center 120 ICU and 12 zones 3 cardiologists All-cause mortality and
retrospective inpatients composite endpoint composed
observational of death or new need for

invasive mechanical ventilation

Perrone 2021% Single-center 52 Internal 14 zones Expert physician >15  LUS score association to clinical
prospective medicine years of experience in  worsening- high flow oxygen
cohort ward thoracic US support, ICU admission, or

30-day mortality

Persona 2021*"  Single-center 28 ICU 12 zones Unknown LUS score in patients on
prospective admission and discharge from
observational ICU

Rojatti 202037 Two-center 41 ICU 8 zones Unknown Severity of gas exchange
retrospective impairment and IL-6
observational

Secco 20214 Single-center 312 ED 12 zones Emergency physicians LUS score and mortality at 30
prospective days
cohort

Seiler 2021°" Single-center 72 ICU and 12 zones 5 consultant LUS score and indication for
prospective inpatients anesthesiologists invasive mechanical ventilation,
cohort PO,/FiO,

Sumbul 202152 Single-center 44 ICU and 12 zones Two radiology Modified LUS and severity of
Cross- inpatient specialists disease, PO,/FiO, and pro-BNP
sectional experienced in

lung US

Tan 2020*° Single-center 12 ICU or 10 zones; Buda ICU physicians Modified LUS to evaluate the
prospective isolation ward scoring system received training and  severity and treatment of
cohort for interstitial ~ obtained qualifications COVID-19

lung disease

Zieleskiewicz Multicenter 100 ED and ICU 12 zones Emergency or ICU LUS vs chest CT for

20208 retrospective physicians assessment of COVID-19
observational pneumonia

LUS, lung ultrasound; US, ultrasound; POCUS, point-of-care ultrasound; ED, emergency department; /CU, intensive care unit, CT, computed
tomography; COVID-19, coronavirus 2019; IL-6, interleukin-6; PO,/FiO,, ratio of partial pressure of oxygen in arterial blood to the fraction of
inspiratory oxygen concentration; BNP, B-type natriuretic peptide.

time frame of search and data analysis, Lu et al*> had been
retracted, and so we did not include it. We regarded the
published data as sufficient to perform meta-analysis on LUS
score correlation to intubation rates and PO,/FiO, and
quantitative synthesis on mortality outcome. Other reviewed
studies were excluded due to population, age, use of different

scoring systems, non-English language of publication, and
case studies (Supplement 2).

There was significant heterogeneity between studies
regarding ultrasound protocols. The LUS protocols
systematically evaluate lung parenchyma by the examination
of anatomic zones of each thorax. Each hemithorax is
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systematically divided into regions for evaluation: two
anterior, two lateral, and two posterior demarcated by
anatomical landmarks set by the anterior and posterior
axillary lines. Each region is then divided into superior and
inferior halves for ultrasonographic examination. In each
zone, findings of a normal lung pattern receive a score of 0;
well defined B lines receive a score of 1; coalescent B lines are
scored as 2; and findings of parenchymal consolidation are
scored as 3. The sum of scores assigned to each lung field on
both hemithoraces is tabulated and comprises the LUS score.

An 8-zone protocol, described by Volpicelli,*’ was used by
Deng” and Rojatti’’ and evaluated two anterior and two
lateral zones per hemithorax. The posterior lung fields are
omitted from evaluation in the 8-zone Volpicelli protocol
and are subsequently included in protocols with additional
views. The 10-zone protocol used by Tan* evaluates one
additional posterior lung field on each hemithorax compared
to the 8-zone Volpicelli protocol. The 12-zone evaluation,
commonly used in the BLUE protocol** evaluates two
additional lung fields. In addition to the anterior and lateral
locations, this protocol includes one inferior and one superior
zone. The 12-zone protocol was used by Bosso,*® Castelao,*
Dargent,39 Duclos,*® de Alencar,*® Persona,*’ Li,*®
Lichter,* Secco,” Seiler,”! Sumbul,’” and Zieleskiewicz'®
studies. Lastly, the 14-zone protocol used by Bonadia® and
Perrone™* was described by Soldati et al*' in 2020. The
protocol evaluates an additional three posterior lung fields on
each hemithorax in addition to the two anterior and lateral
locations. All study protocols used curvilinear probes
except for Lichter,* which used a phased array probe
for evaluation.

Ultrasounds were performed by a range of personnel from
cardiologists and sonographers to ED and ICU staff with
varying levels of training and experience. All the analyzed
studies but Rojatti described the experience of the ultrasound

operators. No training protocol assessments were discussed,
except for Dargent, which trained operators until good inter-
observer reliability was achieved. Interpretations of images
were also performed by personnel with differing levels of
training ranging from study authors to radiologists to
cardiologists. Since ultrasound is heavily operator-
dependent this may have contributed to the heterogeneity
of results.

The QUADAS-2 review (Supplement 3) showed that most
studies had significant patient selection biases. Some studies
enrolled convenience samples rather than consecutive
patients due to resource constraints. Studies excluded
patients with history of congestive heart failure, interstitial
lung disease, pneumothorax, patients who were unable to sit
up or participate in an exam, or who had DNR/DNI status,
<6-month life expectancy, congenital heart disease, or recent
chest surgery. While these exclusions may have affected
accuracy of outcome results given that the presence of
comorbidities increases morbidity and mortality,
it also served to make the LUS findings more specific
for COVID-19.

RESULTS

In the six studies included in the meta-analysis focused on
the correlation between LUS score and PO,/FiO,, there were
a total of 267 patients. We found a significant negative
correlation between increasing LUS score and pulmonary
gas exchange measurement of PO,/FiO,_ In pooled results,
the correlation coefficient was —0.69 (95% —0.75, —0.62).
There was significant heterogeneity between the studies as
measured by the I? and Cochran Q test. Rojatti*” and Li*®
studies included only patients in the ICU while other studies
were performed on patients in COVID-19 units (Bosso,®
Castelao,” Sumbul,?) and hospital ward (Perrone®*).
See Figure 2.

Caorretation Sample
(95% CI) size
Rojatti (2020) -0.24 (-0.61, -0.00) 34
Bosso (2020) ' -0.72 (-0.87, -0.486) 26
Castelac (2020) —0—;— -0.76 (-0.85, -0.64) 63
Li (2021) ; - -0.50 (-0.689, -0.25) 48
Perrone (2021) —— -0.83 (-0.90, -0.72) 52
Sumbul (2021) —_— -0.70 (-0.82, -0.50) 44
Overall O .0.69 (-0.75, -0.62)
T T T
-1 -5 0

Figure 2. Forest plot of correlation between lung ultrasound and PO,/FiO,. In pooled results, the correlation coefficient was
—0.69 (95% —0.75, —0.62). There was significant heterogeneity between the studies as measured by the 1> and Cochran Q test.
Cl, confidence interval; PO,/FiO,, ratio of partial pressure of oxygen in arterial blood to the fraction of inspiratory oxygen concentration.
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The meta-analysis comparing LUS scores for the
intubation outcome included 273 intubated and 379 non-
intubated patients. In pooled results, intubated patients had a
mean LUS score that was 6.95 points higher (95% CI
4.58-9.31) than that of non-intubated patients. Mean LUS
scores for intubated patients ranged from 15.7 (SD 2.6) in
Deng 2020 to 47.25 (SD 6.28) in Tan 2020. The mean LUS
score of the remaining studies fell between these values.
Mean LUS scores for non-intubated patients ranged from 8.1
(SD 3.4) in Deng 2020 up to 36.6 (SD 12.5) in Tan 2020.
Notably, Deng”” used an 8-zone LUS score while Tan*’ used
a 10-zone LUS score, which may partially account for the
large spread of LUS score results (Figure 3).

Subgroup analysis was performed on the studies that used
the 12-zone protocol (Lichter,49 Zieleskiewicz,'¢ Seiler,”!
Dargent,”” de Alencar®®) as the most frequently used
protocol. In pooled results of the subgroup analysis, the 193
intubated patients had a mean LUS score that was 6.74
points higher (95% CI 3.41-10.08) than that of the 319 non-
intubated patients (Figure 4). Protocol notwithstanding,
LUS scores were higher in intubated patients than non-
intubated patients consistent with the finding that LUS score
increases with more diffuse lung involvement'® and,

therefore, severity of illness. There was significant
heterogeneity between the studies as measured by the I? and
Cochran Q test.

In the six studies included in the quantitative analysis of
mortality, there was a total of 566 patients, with 385 patients
who survived and 181 who did not survive. In pooled results,
survivors had a mean LUS score that was 4.61 points lower
(95% CI 3.64-5.5) than that of non-survivors. The LUS
scores of those who survived ranged from 11 (SD 7) in Secco
2021*" up t0 26.8 (SD 9.3) in Persona 2021.*” The LUS scores
of non-survivors ranged from 13.9 (SD 2.8) in Rojatti 2020°’
up to 26.2 (SD 9.9 in Persona 2021.*7 Secco 2021 was
conducted in an ED setting while Persona 2021*” and Rojatti
2020°7 used patients in an ICU setting. Depending on the
patient population and factors in the study location
epidemiology, ED settings may have had a patient
population less critically ill than patients in ICU, which
would have led to the studies conducted in EDs to have
baseline lower LUS scores. A study using a 12-zone protocol
also contributes to higher overall LUS scores since LUS
score is calculated with the cumulative scores of the number
of zones. Persona®’ and Secco®' used the 12-zone protocol,
while Rojatti 2020°7 used the 8-zone protocol (Figure 5).

Not intubated Intubated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Tan 2020 366 125 8 47.25 6.28 4 40% -1065[-21.28,-0.02] IR
Lichter 2020 13.24 895 106 2233 988 14 10.0% -9.09[14.54, -3.64) =
Zieleskiewicz 2020 14 8 93 28 5 7 131% -14.00[-18.05,-9.95) ===
Seiler 2021 17:21| |55 27 203 44 23 16.7% -3.10[-5.77,-0.43) -
Dargent 2020 18.25 3.96 12 2162 46 97 17.4% -3.37 [[5.79,-0.95] b
de Alencar 2021 15:2 | 1A 81 213 449 52 18.4% -6.10[-8.14,-4.06) .
Deng 2020 81 34 52 157 26 76 20.3% -7.60[-8.69,-6.51] n
Total (95% Cl) 379 273 100.0% -6.95 [-9.31, -4.58] 4
Heterogeneity: Tau®= 6.86; Chi*= 30.96, df=6 (P < 0.0001), F=81% t t {

Test for overall effect: Z=5.75 (P < 0.00001)

-50 0 50
Notintubated Intubated

-100 100

Figure 3. Differences in lung ultrasound (LUS) scores for intubated/non-intubated subjects. I? of 81% and Cochran Q test show significant
heterogeneity between the studies of LUS scores of intubated vs non-intubated patients.

Not intubated Intubated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Tan 2020 366 125 8 4725 628 4 0.0% -10.65[-21.28,-0.02)
Lichter 2020 13.24 895 106 2233 988 14 150% -9.09[14.54, -3.64] el
Zieleskiewicz 2020 14 8 93 28 5 7 18.3% -14.00[-18.05,-9.95) -
Deng 2020 81 34 52 157 26 76 0.0% -7.60[-8.69,-6.51]
Seiler 2021 17.21|115:5 27 203 441 23 21.6% -3.10[-5.77,-0.43] =
Dargent 2020 18.25 3.96 12 2162 46 97 221% -3.37 [[5.79,-0.95] =
de Alencar 2021 15.2(|| |1 81 213 49 52 229% -6.10[-8.14,-4.06] =
Total (95% Cl) 319 193 100.0% -6.74[-10.08, -3.41] ¢
Heterogeneity: Tau®= 11.54; Chi*= 25.01, df = 4 (P < 0.0001); = 84% ; t {

Test for averall effect: Z= 3.96 (P < 0.0001)
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Figure 4. Differences in lung ultrasound (LUS) scores for intubated/non-intubated subjects in subgroup analysis of 12-zone protocol studies.
12 of 84% and Cochran Q test show significant heterogeneity between the studies of LUS scores of intubated vs non-intubated patients.
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Survived Died Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Persona 2021 268 93 18 26.2 99 10 1.7% 0.60 [-6.89, 8.09) o
Bosso 2020 156 45 14 209 65 12 49% -530[9.67,-093)
Duclos 2021 20 5 45 23| |5 12 91% -3.00[-6.18,0.18) g
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Test for overall effect: Z= 9.34 (P < 0.00001)

Favours survival Favours death

Figure 5. Differences in lung ultrasound (LUS) scores for survivors vs non-survivors. The |2 of 3% and the p-value for heterogeneity of 0.4
show little evidence of publication bias in the included studies of LUS scores for survivors vs non-survivors.

Survived Died Mean Difference Mean Difference
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Figure 6. Differences in lung ultrasound (LUS) scores for survivors vs non-survivors in subgroup analysis of 12-zone protocol studies.
The 12 of 0% and the P-value for heterogeneity of 0.4 show little evidence of publication bias in the included studies of LUS scores for

SUrvivors vs non-survivors.

Subgroup analysis was performed on the studies using the
12-zone protocol (Persona,47 Bosso,*® Duclos,*® Secco,*' de
Alencar’®). In pooled results of the subgroup analysis, the
351 survivors had a mean LUS score that was 4.85 points
lower (95% CI 3.82-5.87) than that of the 174 non-survivors
(Figure 6). Despite the different ultrasound protocols,
patients with lower ultrasound score and, therefore, less lung
involvement'® were found to be more likely to survive.
Among the included studies, there was no evidence
of significant heterogeneity, as measured by the I> and
Cochran Q test.

Mean scores did appear higher in intubated patients than
in patients who died. We speculate that this could have been
multifactorial, possibly secondary to timing of scans in
disease course and limitations of resource allocation in height
of the pandemic. The de Alencar®® study, which looked at
both intubation and mortality outcomes, had a LUS score
that would be as expected—nhigher in intubated patients and
higher still in patients who died.

DISCUSSION

Our meta-analysis found that a higher LUS score was
strongly correlated with a decreasing PO,/FiO, in patients
diagnosed with COVID-19 pneumonia. The LUS score was

also found to be significantly higher in intubated vs non-
intubated patients and in critically ill patients who did not
survive with COVID-19 pneumonia.

The LUS has been well established in the diagnosis of
pneumothorax, lung consolidation, alveolar-interstitial
syndrome and pleural effusion.” We sought to determine
whether LUS abnormalities in COVID-19 patients
correlated to abnormalities in pulmonary gas exchange as a
LUS score was found to be a valid tool to assess regional and
global lung aeration.’® Our quantitative meta-analysis found
that LUS score was inversely correlated to PaO,/FiO, ratio,
which would be expected. As LUS score increases in
COVID-19 with increasing interstitial edema and
consolidation, lung aeration worsens, thereby causing an
increase in shunting and hypoxemia and a decrease in the
PaO,/FiO, ratio. The correlation of an increasing LUS with
worsening PaO,/FiO, ratio and increasing intubation rates
suggests that ultrasonographic monitoring reflects illness
severity and disease progression. This indicates the potential
value of LUS for dynamic lung monitoring as reported by
Deng,”’ Dargent’ in the ICU population, and Casella’’ in
the non-ICU setting. Patients with COVID-19 at higher risk
of adverse outcomes may benefit from more intensive
monitoring or earlier intervention with noninvasive
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respiratory support in anticipation of deteriorating
clinical course.

In pooled results, we found significant correlation between
LUS score and mortality rates in patients with COVID-19
pneumonia. Various published studies have looked at LUS
cutoffs for mortality and adverse outcomes. Ji found LUS
score >12 predicted adverse outcomes with a specificity and
sensitivity of 90.5% and 91.9%,”” while Secco found LUS
score >13 had a 77.2% sensitivity and a 71.5% specificity in
predicting mortality.”® Sun found that LUS score >15 had a
sensitivity of 92.9% and specificity of 85.3% for prediction of
mortality,®” while Lichter found that mortality increased
with LUS score >18.* De Alencar found LUS score >26
had 90% specificity for mortality,*® and Li found that for
LUS score >22.5, the sensitivity and specificity were 83.3%
and 72.2% for predicting mortality.** Finally, Trias-Sabra
found that LUS score >24 had a higher risk of ICU
admission or death.®' There is currently no consensus, which
we speculate is secondary to the various ultrasound protocol
used, since the number of zones measured has a direct effect
on the cumulative LUS score.

We chose ultrasound protocols in an attemp to find the
optimal balance between the acquisition time and accuracy.
There is no standardized LUS protocol for the evaluation of
COVID-19 pneumonia, with current protocols ranging from
an 8-zone evaluation*’ to a 14-zone evaluation®' with
nominal scale. Protocols also often required modification in
supine critically ill patients, as posterior segments were
difficult to evaluate. Soldati*' proposed a 14-point protocol
modified to 7 points in critically ill supine patients for the
international standardization of the use of LUS
in COVID-19.

A study comparing the different protocols showed that the
posterior areas are fundamental to capture the most important
findings in patients with COVID-19 pneumonia.®®> A 12-zone
system maintains balance between acquisition time and
accuracy, although a 10-point system is sufficiently accurate if
the basal posterior regions are included.®” Recently, an
abbreviated 8-zone protocol was found to be as accurate as the
previously validated 12-zone protocol for prognostication of
clinical deterioration in non-ventilated COVID-19 patients.
Scanning times were 50% shorter in the §- vs 12-zone protocol,
although specific times were not delineated. ®* A shorter
protocol with sufficient accuracy could decrease risk of
contagion by limiting operator exposure and thereby increase
operator safety.

A LUS has been reported to have higher sensitivity than
CXR, especially early in infection, for detecting COVID-19-
associated lung lesions with a reported sensitive of 92-96%
compared to 46-69% for CXR.**°® Lichter* found that
higher LUS score predicted intubation and mortality
independent of CXR findings. Patients with a higher
percentage of lung involvement on CXR were found to
have higher intubation rates®-’%-""-"> as well as higher

mortality.®””* Spogis’* found that changes in CXR appeared
more sensitive for predicting ICU treatment than LUS;
however, LUS was more specific. Both modalities were
found to be good discriminators with each modality having
its own advantages and disadvantages.

Advantages of CXR include its wide availability, lack of
examiner dependency, ease of comparing previous
examinations, and ability to examine the entire lung in one
image. A LUS can produce real-time dynamic images
and is accurate, reproducible, without ionizing radiation,
and easily disinfected. However, LUS requires more time to
perform than CXR increasing exposure risk to clinician.
There may be greater total time from CXR performance to
interpretation depending on the individuals who are
performing and interpreting the scans. Advantages of one
modality over another may be institutional, resource, and
patient dependent.

The results of this meta-analysis and systematic review
show that the LUS score has significant correlation to PO,/
FiO; ratio and to clinical outcomes of intubation rate and
mortality in COVID-19 positive patients with pneumonia.
Especially in cases of surge capacity, this would provide
important prognostication information to aid clinicians in
resource allocation and the identification of patients at a
higher risk of deterioration for the appropriate level of care.
The LUS score contributes to the classification of disease
severity and the monitoring of disease progression, and it can
influence the decision to escalate drug treatment or early
ventilatory support. It also has the advantage of reducing the
number of exposed healthcare workers, limiting resource
consumption and environmental contamination.
Implementation of bedside LUS will be dictated by specific
institutional workflows, resource availability, and patient
volume. Timely and accurate classification of patients is
crucial during the pandemic since the excessive influx of
patients can place hospital and patient care organizations in
crisis and alter the efficiency and services of EDs.

LIMITATIONS

Limitations of POCUS LUS include the inability to
evaluate lung lesions that are deep and intrapulmonary,
difficulty in scanning posterior basilar regions, and relative
lower sensitivity than CT. A LUS has lower specificity than
CT for COVID-19 as B lines can also be found in pulmonary
edema due to cardiac disease, pulmonary aspiration, ARDS,
interstitial lung disease, or pneumonia.** Subpleural
consolidations and effusions are observed in both COVID-19
and other viral and non-viral pneumonia and pulmonary
embolism.* A LUS needs to be used in conjunction with
other confirmatory tests such as PCR for increased accuracy.

There was significant selection bias in included studies.
Studies did not include COVID-19 patients with symptoms
that were extra-pulmonary in nature, which currently include
gastrointestinal symptoms, anosmia, ageusia, rhinorrhea,
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and altered mental status.'” It is unclear whether patients
with other presenting symptoms would have an abnormal
LUS, which would make LUS less sensitive as a testing
modality. In addition, many studies did not exclude patients
with baseline pulmonary disease and comorbidities that
may alter baseline LUS. A LUS was often performed in
patients with worse illness severity, also contributing to
selection bias.

Additional limitations of this meta-analysis include study
heterogeneity, lack of a standardized guideline for POCUS
lung evaluation in COVID-19, performance of LUS by
operators with different levels of training, and a lack of
specified training protocol. Lack of unifying definitions and
inconsistencies with reporting COVID-19 lung abnormalities
limit comparisons between different studies, geographical
areas, and patients.

CONCLUSION

This meta-analysis shows that a higher lung ultrasound
score is significantly negatively correlated to PaO,/FiO, and
positively correlated to intubation rates and mortality rates
in COVID-19 positive patients with pneumonia. In the ED
and ICU settings, a LUS score may be a useful modality
in determining patient disposition and aiding in
prognostication of care and resource allocation.
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BACKGROUND

Assessments are a core component of residency training to
assess development in the general competencies expected of
all physicians.' Many methods are employed to evaluate
performance, from checklists to computer-based
questionnaires, as no single best practice exists.” Common
to most, however, are barriers to the completion of
assessments.” For example, residents and faculty often cite a
perceived lack of time to perform assessments, which may
lead to suboptimal compliance in completing assessments.’
Some methods of assessment, such as providing narrative
feedback to residents by faculty, may be seen as too
burdensome.® The emergency department represents an
especially challenging environment to overcome these
barriers given the high cognitive demand placed on faculty
and residents by default.

One possible strategy to enhance faculty compliance in
completing assessments is to implement behavioral nudging
into social and physical environments. Borrowed from
behavioral economics, nudge theory involves use of
evidence-based “nudges” that incorporate positive
reinforcement and indirect suggestions to influence decisions
and behavior.* Nudges can include use of the following:
priming (environmental cues to subconsciously drive
behavior); default options (desirable options are preselected
as the default choice and thereby easiest for individuals to
take); norm-based nudges (comparing individual behavior
to peer practice); commitment (making a public promise
to complete a task); and salience (drawing attention to a
particular option through colors or a compelling story),
among others.” For instance, in the surgical intensive care
unit, hand hygiene compliance was enhanced when
individuals were primed with a citrus-like fragrance that was
dispensed into the environment.’ In another example,
medical student assessments were completed more often
when faculty were prompted with electronic forms at the end
of shifts, rather than relying on them to complete paper forms

at their own discretion.® In this study, we evaluated the
effectiveness of two priming nudges and one norm-based
nudge in increasing compliance of faculty in completing
assessments of emergency medicine residents.

OBJECTIVES

Our primary objective in the study was to assess the
effectiveness of nudge interventions in increasing the number
of resident performance assessments completed by attending
physicians. This was assessed by comparing the number
of assessments completed during the year prior to
implementation of the nudge interventions with the years
following their implementation. Our secondary objective was
to identify which particular method was employed with the
greatest frequency.

CURRICULAR DESIGN

This project qualified as a research study conducted in
established or commonly accepted educational settings. The
Research Oversight Committee approved the Institutional
Review Board Exempt Review Form request for exemption.
The study took place at Riverside Community Hospital, a
tertiary-care referral academic/community medical center in
Riverside, California. The residency program at Riverside
Community Hospital is a three-year emergency medicine
residency accredited by the Accreditation Council for
Graduate Medical Education. Each class has 13 residents per
year for a total of 39 residents. We had approximately 28-30
faculty during the study, and 28 faculty received prior
training on completing end-of-shift assessments.

We collected pre-intervention data from July 1, 2019-June
30, 2020 with an email link sent to faculty at the beginning of
the academic year. They were sent periodic email reminders
to complete the survey. The intervention started on July 1,
2020. The post-intervention data was collected from July 1,
2020-May 11, 2021.
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Table. Number of assessments completed over time charted against timeline of interventions.

7/1/19-6/30/20

7/1/20-6/20/21
(post-intervention)

7/1/121-6/1/22
(post-intervention)

Time frame (pre-intervention)
Number of responses 3,663
Evaluations per month 305

4,243
354

4,534
453

Three primary nudges were used as the intervention to
increase the number of end-of-shift assessments. We selected
the nudges based on previous studies, which showed people
change behavior based on social comparison.’” People also
tend to choose the most visible option.® The first nudge was
to create a homepage on the faculty phone with a direct link
to the end-of-shift assessment survey. The second nudge was
a quick response (QR) code posted at the faculty work
stations throughout the department: in the main ED; in the
rapid care (lower acuity) zone; and in the faculty break room.
The third nudge was based on a social proof heuristic. At the
end of each block an email was sent to all faculty with the
total number of assessments completed for the block, with
comparisons to other faculty members’ completion rate and
a link to the survey.

At the end of the study period, all faculty received a survey
asking which nudge was used the most often. Faculty were
asked to rank each intervention, from used most often
(weighted score of 3) to least often (weighted score of 1).
The survey link in the email reminder was created in
Surveymonkey.com (Momentive, San Mateo, CA).

We created the QR code flyer on canva.com
(Surry Hills, Australia).

We believe that the interventions in this study can be
replicated at many other institutions. The QR code should be
posted in highly visible locations near the faculty workspace
in the ED. We discovered that many faculty members
required detailed instructions on how to create a homepage
on their mobile devices. However, the faculty reported that
once the homepage was set up, it was the easiest way to
complete the assessments. The end-of-the-block summary of
the total number of assessments completed by faculty may be
an administrative burden to some institutions.

IMPACT/EFFECTIVENESS

As shown in Table 1, there was a 15.8% increase in the
number of assessments completed in the year after these
interventions were implemented, with the number of
completed assessments increasing from 3,663 (305
assessments per month) in the pre-intervention year to 4,243
(354 assessments per month) in the first post-intervention
year. This increase was sustained in the following year, with
4,534 assessments (453 assessments per month) completed to
date. This trend suggests that our “nudge” interventions may
have been effective in producing a long-term change in
faculty behavior patterns.

When surveying the 28 faculty to determine which nudge
was most effective, there was an 85.7% (24) response rate.
Of the respondents, 19 (79%) indicated that their most
frequently used nudge was the survey link saved onto their
phone, and that they completed over 75% of their assessments
this way. Thirteen respondents (54%) reported that the nudge
based on social heuristics—the link at the end of the monthly
emails—was the second most frequently used. Only one
respondent used the QR code flyers most frequently, and 20
(83%) stated they never used the QR code at all.

From our experimental design, we learned that nudges used
online could be effective in increasing completion rates of
assessments. A surprising limitation was the grouping of data
into certain time frames, which could be delineated in future
iterations to determine the impact that time of year has on
response rates. We could also compare efficacies of different
interventions, such as comparing a baseline rate of using
home-screen survey links only to this baseline plus an added
intervention, to assess the importance of each added
variable and help determine which interventions truly
provide benefit.

This assessment of our interventions’ impact is limited by
several factors. As the number and makeup of faculty
changed during the intervention, it was not possible to
determine whether a statistically significant number of
faculty changed their practice as a result of this intervention.
The increase in the assessment completion rate may also be
due not only to our interventions but also to outside factors
such as changing hospital policies, number of faculty, the
impact of the COVID-19 pandemic, overall departmental
shifts in attitude, or the Hawthorne effect, any of which may
have played a role in influencing behavior. It is also difficult
to distinguish which of the various interventions actually
impacted attending behavior, as all were implemented
simultaneously, and survey replies were anonymous and may
be subject to recall bias. For example, it is possible that the
presence of QR codes at workstations was responsible for the
large increase in phone home-screen assessment completion.
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Introduction: Consideration of the cost of care and value in healthcare is now a recognized element of
physician training. Despite the urgency to educate trainees in high-value care (HVC), educational
curricula and evaluation of these training paths remain limited, especially with respect to emergency
medicine (EM) residents. We aimed to complete a needs assessment and evaluate curricular
preferences for instruction on HYC among EM residents.

Methods: This was a qualitative, exploratory study using content analysis of two focus groups including
a total of eight EM residents from a single Midwestern EM residency training program. Participants also
completed a survey questionnaire.

Results: There were two themes. Within the overall theme of resident experience with and perception of
HVC, we found five sub-themes: 1) understanding of HVC focuses on diagnosis and decision-making;
2) concern about patient costs, including the effects on patients’ lives and their ability to engage with
recommended outpatient care; 3) conflict between internal beliefs and external expectations, including
patients’ perceptions of value; 4) approach to HVC changes with increasing clinical experience; and
5) slow-moving, political discussion around HVC. Within the overall theme of desired education and
curricular design, we identified four sub-themes: 1) limited prior education on HVC and health
economics; 2) motivation to receive training on HVC and health economics; 3) desire for discussion-
based format for HVC curriculum; and 4) curriculum targeted to level of training. Respondents indicated
greatest acceptability of interactive, discussion-based formats.

Discussion: We conducted a targeted needs assessment for HVC among EM residents. We identified
broad interest in the topic and limited self-reported baseline knowledge. Curricular content may benefit
from incorporating resident concerns about patient costs and conflict between external expectations and
internal beliefs about HVC. Curricular design may benefit from a focus on interactive, discussion-based
modalities and tailoring to the learner’s level of training. [West J Emerg Med. 2024;25(1)43-50.]

INTRODUCTION the national spotlight, including federal legislation on

A recent shift to focus on “value” in healthcare, often surprise billing, insurer denials of claims for emergency
defined as health outcomes achieved per dollar spent, has department (ED) visits without a final emergent diagnosis,
emerged in response to persistently rising costs over decades."  and regulations on payments for air ambulance
Recent events have highlighted the cost of emergency carein  transports.” > Consistent with these developments, current
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Accreditation Council for Graduate Medical Education
(ACGME) guidelines state that “residents must demonstrate
competence in ... incorporating considerations of value,
equity, cost awareness, delivery and payment, and risk-
benefit analysis in patient and/or population-based care

as appropriate.”®

Despite the current ACGME guidelines and increasing
demands for high-value care (HVC), the appropriate
educational content and instructional methods have not been
clearly established. Moriates and colleagues delineated 21
HVC competencies with beginning, proficient, and expert
levels through an iterative process led by a multidisciplinary
committee.” While rigorous and expert-led, this approach did
not include a resident-focused needs assessment, and
subsequent needs evaluations have been limited to surveys of
internal medicine or pediatrics residents at a single site.* '°
Similarly, evaluation of proposed internal medicine or
pediatrics resident curricula have been limited to single-site
pre-/post-surveys, with one study also including post-
implementation focus groups.'*!?

Within emergency medicine (EM), HVC and health
economics educational resources are limited, as a 2010
systematic review of cost-effectiveness curricula identified
only a single EM curriculum focused on the Ottawa ankle
rules. Since that review, two additional contributions that we
are aware of include 1) the Emergency Medicine Residents’
Association Residents’ Advocacy Handbook addressing
policy-related topics in a textbook-like format and 2) a cost-
conscious care curriculum developed by Lin and Laskowski
at a single site in New York (personal communication, L.
Laskowski).'*'® There is a paucity of formal, resident-
focused needs assessments across specialties, particularly
in EM. Our objective was to perform a targeted needs
assessment to assess EM residents’ needs and interests
in HVC and preferences for instructional modality.

METHODS
Study Design

As part of a curriculum development process, we
performed a problem identification and targeted needs
assessment for EM residents, corresponding to Kern’s six-
step approach to curricular development.'® To achieve our
objective, we conducted a qualitative, exploratory study
using conventional content analysis. This method allowed us
to critically examine the participant responses to identify
common categories and elucidate themes. Our secondary
objective to determine preferences for instructional modality
included a collection of respondents’ self-assessments using a
survey questionnaire. We obtained institutional review
board (IRB) approval for all study procedures.

Setting and Participant Selection
The setting was a single Midwestern United States EM
residency program with 56 total residents. Two physician

Population Health Research Capsule

What do we already know about this issue?
Resident education guidelines now
incorporate the topic of value in health care,
but few resident-focused needs assessments
for this concept are available.

What was the research question?

For high-value care, what are emergency
medicine residents’ needs, interests, and
preferences for instructional modality?

What was the major finding of the study?
Residents self-report low knowledge but are
interested in education on high-value care.
They prefer discussion-based modalities.

How does this improve population health?
Addressing cost of care through graduate
medical education may help address
accessibility and affordability of care.

authors were residents at the time of the data collection
phase of the project (BHL, SKM). Recruitment of a
convenience sample of eight EM residents was performed via
email by one of the authors (SKM) to the remaining 54
residents. Nine residents responded. (One resident could not
participate due to scheduling constraints.) No participant
terminated their participation during the focus group.

Data Collection Procedures

We obtained documentation of informed consent prior to
study procedures. A semi-structured interview guide for
focus groups was primarily authored by a single author
(BHL) and reviewed sequentially by additional authors for
revision of content and phrasing (SKM, BP). The interview
guide is included as Appendix 1. Focus groups were co-led by
two physician authors who were residents at the time (BHL,
SKM) following the interview guide. Both focus groups were
audio recorded and subsequently transcribed. No field notes
were made, nor were transcripts returned to participants for
comment. The focus groups occurred during September 2020
in a medical school conference room with no other person
present aside from focus group leaders and participants.
After the focus group discussion was complete, participants
independently completed a survey questionnaire using Likert
scale and rank order questions on paper (Appendix 2). Each
focus group included four participants with at least one
intern (postgraduate year [PGY] 1) in each group. In total,
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the first group included one PGY-1, one PGY-2, and two
PGY-3 residents; the second focus group included two PGY -
1 and two PGY-4 residents. Each focus group lasted between
75-85 minutes. No repeat interviews were completed.
Participants received a $15 gift card for compensation,
consistent with IRB guidelines.

Data Analysis

The transcripts were reviewed and conventional content
analysis with line-by-line coding was completed by two
independent coders (BHL, SKM). Using an open coding
technique, important statements were identified (generally
termed “the first cut”).!” Codes were developed in vivo and
did not reference previous literature. (They are depicted in a
coding tree in Appendix 3.) Significant redundancy in codes
was identified, which was felt to be consistent with thematic
saturation.'® The analysis team came together with a third
reviewer (BP) to categorize, refine, and cluster important
statements, and subsequent themes and domains emerged.
We used the consolidated criteria for reporting qualitative
research (COREQ) as reporting guidelines (Appendix 5)."”
Descriptive statistics were performed in Microsoft Excel
for questionnaire data, and we used Word (Microsoft,
Redmond, WA) for transcripts and coding documentation.
The use of independent coders and a team of three
to categorize and develop themes enhanced credibility,
and investigator triangulation aided confirmability of
the results.'®

Reflexivity Statement

Reflexivity of the research team included recognition that
the focus group leaders and coders were known to the
participants and identified their respective specific interests in
HVC/health economics (BHL) and medical education
(SKM) to the participants as part of the introduction. The
focus group leaders identified as male (BHL) and female
(SKM). BHL and SKM were residents at the time of the
study. BP provided training to BHL and SKM regarding
techniques in semi-structured, focus group facilitation; BHL
had limited prior experience with focus group facilitation. A
methodological limitation is that the same residents
comprised the focus groups and completed survey
questionnaires; survey questionnaire results may have been
influenced by the preceding focus group discussion, although
all questionnaires were completed independently by all
participants without additional discussion.

RESULTS

A total of eight residents participated. With respect to
the importance of education about HVC topics, residents
endorsed the relevance of HVC topics to the resident
physician (7/8, [88%]) and the importance of a HVC
curriculum (8/8, [100%]) (Appendix 4, Figure 2). We
identified two overarching themes: 1) experience with and

perception of HVC; and 2) desired education and curricular
design. For each overarching theme, component sub-themes
summarized clusters of resident comments for which we
include representative comments and (if identified)
participant recommendations.

Overarching Theme 1: Experience with and Perception of
High-value Care

Sub-theme 1: Understanding of high-value care focuses on
diagnosis and decision-making.

Residents most frequently associated HVC with the
activities that facilitate diagnosis and decision-making in the
ED. For example, when asked whether they had a general
definition for or had heard of the phrase “high-value care,”
one resident highlighted using the ED evaluation to
“appropriately figure out what is going on with this patient
and decide where to send them” (Resident #1, PGY-1). In
this understanding, residents believe care activities are high
value if they allow the clinician to make a diagnosis or
disposition. Less commonly, other residents mentioned
aspects of HVC such as resource use, stewardship (citing a
specific example of a cost-savings initiative related to the use
of combat gauze [Resident #7, PGY-4]), and the concept of
cost-benefit analysis: “clinical decision rules that ... reduce
unnecessary head CTs, not only from a radiation
perspective, but also from a cost-savings perspective”
(Resident #8, PGY-4).

Sub-theme 2: Concern about patient costs.

In the focus group discussion, residents voiced uncertainty
due to varying patient insurance reimbursement of care
provided in the ED and concerns surrounding high patient
costs, in large part due to a self-identified lack of knowledge.
Because of this knowledge gap, residents felt inadequately
prepared to have conversations surrounding cost and
insurance coverage with patients. One of the participants
recalled a patient encounter in which the resident felt
uninformed to address the patient’s reaction after the
resident disclosed the presence of a new mass concerning
for cancer:

How much is this going to cost me? How am I going to pay
for this?’ [and] I didn’t know the answer. ... It'd be nice
if I actually had some data ... like you're uninsured, it’s
ok, because it’s going to be like this for the financial plan,
if you're insured, this is what happens. I have no
clue.” ( Resident #5, PGY-3)

Other residents stated that they were unaware of the costs
of commonly ordered diagnostics and therapeutics in the
ED. They described being concerned and unaware of the
financial and social ramifications of care activities on
patients’ lives outside of the hospital, and they particularly
worried about the impact on patients’ ability to engage with
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recommended outpatient care: “It’s how much the patient
gets charged that would actually matter from a social
determinants of health perspective” (Resident #2, PGY-1).
Residents particularly cited feeling challenged by

shared decision-making discussions when patients had
financial concerns.

Sub-theme 3: Conflict between internal beliefs and external
expectations.

Residents noted that there may be a conflict between a
physician’s personal beliefs and the external expectations and
pressures they face. Some external expectations, such as
those from systems-level “hurdles” placed in the electronic
health record-ordering interface, are explicitly identifiable
for residents: “I try to order [intravenous acetaminophen ]
all the time. IT takes you through, you have to go through all
these questions because they’re trying to keep me from
ordering [it]. ... I know they’re trying to keep me from
ordering it, but I'm going to keep on ordering it” (Resident
#8, PGY-4). Other external expectations are perceived to be
implicit within the medical community: “Even though we
talk about in an academic setting, or in a boardroom, it’s OK
to have a miss from a statistical perspective, I think
culturally that’s not acceptable. ... It’s just not playing out
in the real world, in my opinion, accepting that there is a
miss rate” (Resident #4, PGY-2).

Residents particularly highlighted that patients are a
source of external expectations and recognized that
patients may view cost, quality, and value of care
differently from the emergency physician. This difference
in perception may lead to a disconnect in expectations:
“Value can really be in the eyes of the beholder ... makes
me think about what I think might be the best thing for the
patient may not be at all the same as what the patient values”
(Resident #6, PGY-3). Moreover, the conflict between
internal beliefs and external expectations can overshadow
attempts to prioritize HVC. A context cited for this conflict
were ED visits of patients who commonly frequent the ED.
For these patients, the lack of community resources for
patients can be frustrating and render a learner feeling
helpless or unable to provide holistic patient care. For these
patients, trainees noted feeling a disconnect between the
care they felt expected to provide and the care they desired
to provide.

Sub theme 4. Approach to high-value care changes with
increasing clinical experience.

Residents shared anecdotes that demonstrate how the
definition of and approach to optimize HVC changes
with increasing clinical experience. One junior resident
highlighted “wanting to know” as motivation for ordering
testing: “I’'m as curious as [the patients ] are, to be honest; so
I want to know that this patient is perhaps a presentation of

[a specific diagnosis]” ( Resident #4, PGY-2). Similarly, as
one non-intern resident reflected:

“And honestly, that’s something that comes with time — like
if you told me as an intern I could order a million-dollar test
and get the answer that I need, I would 100% do it because
it’s easy, I'll be right, and I can help the patient. But as you
practice medicine you realize ... if you have a million-
dollar test to answer if it’'s GERD ... it’s not going to
change your management ... As I'm progressing through
residency 1 get more and more curious, and I'm more
willing to accept information about [HVC]” (Resident
#5, PGY-3)

Sub-theme 5: Slow-moving, political discussion around high-
value care in medicine.

In general, residents describe themselves as loosely aware
of the political, academic, financial, and clinical implications
of national discussions on HVC topics for future emergency
physicians. For example, “How you determine value? 1
remember back when Obama was still around and in office, 1
remember that was a big discussion, you know—what is real
value and who determines that? That’s sort of a black box”
( Resident #8, PGY-4). Another resident reflected,

“There is always chatter out there in the ... political and
insurance world. And I'm not sure I know where like the
landmark policy or ... guiding foundation is for that
conversation. So, certainly, outside there is a feeling
that there is always this chatter happening” (Resident
#4, PGY-2).

When asked about proposed physician reimbursement
models currently undergoing federal regulatory review, most
residents did not know what those future policies entailed. In
addition, many residents reported not being well versed in
current reimbursement models, although non-intern
residents reported more interest in current
reimbursement information.

Overarching Theme 2: Desired Education and Curricular
Design

Sub-theme 1: Limited medical education on health
economics and high-value care.

When asked about their prior training in health economics
and HVC topics, all residents noted minimal to no prior
exposure during their medical training. In the survey
questionnaire, all participants (8/8 [100%]) either strongly
disagreed or disagreed with the statement “I feel confident
that I know the cost of the care that I provide to patients in
the emergency department” (Appendix 4). Much of the prior
exposure described by residents was comprised of brief and
infrequent didactic-based discussions that were described
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as leading to limited information retention and limited
application to clinical practice.

Beyond this, they voiced the belief that there were few
opportunities for knowledge acquisition due to lack of
available resources, particularly with respect to prices and
costs of healthcare activities. Residents were not familiar
with hospital-based or nationally based resources that could
assist with day-to-day clinical healthcare questions such as
patient cost: “I think hospitals are mandated to have some
sort of list, master list, of how much things costs, but it’s also
super hard to find ... I have no idea where I would find that
information” (Resident #7, PGY-4).

Sub-theme 2: Motivated to receive training on high-value
care and health economics.

The EM residents identified themselves as frontline
healthcare workers. In their role, they interact directly with
the community and patients with diverse backgrounds,
particularly individuals facing financial barriers to accessing
care. Because of this unique position in the medical field,
residents believe that financial and insurance pressures
may underlie patients’ utilization of the ED and that
clinicians should therefore understand these factors. One
resident reflected

“I think when you ... look ... at healthcare as a gestalt,
people are seeing primary care [clinicians] less and less
and relying on the ED more for primary care. And
assuming that that trend continues ... I think as an
emergency physician it is important to know those
things [healthcare economics topics] because of that
reason, just the utilization of the ED in general”
(Resident #1, PGY-1).

One resident also noted that the lack of health economics
knowledge can put emergency physicians at a disadvantage
in influencing and leading systems-based practice:

“I think not understanding [ HV C and health economics
topics | takes away a lot of our power to be a leader and
makes us more pawns carrying out someone else’s vision
of how medicine should be practiced” (Resident #6,
PGY-3).

Residents recognized the importance of and need for
further training on HVC topics to understand the impact
that their decision-making has on patients and the
healthcare system.

Sub-theme 3: Desire for discussion-based format for high-
value care curriculum.

Residents were asked what the optimal format for HVC
curriculum would be for residency-level learners, and the
majority were in support of a discussion-based format.

“I like the idea of the case-based, small-group discussion.
Especially when you have attendings there, and you have
varied learner levels, and I kind of like that because you
get varied sorts of inputs and that’s interesting. And I just
feel like this sort of stuff, these sorts of topics, are best, for
me, explored verbally” ( Resident #8, PGY-4).

One resident noted that because this is not common
knowledge among emergency clinicians, involving a content
expert would be critical to a successful curriculum:

“Another part of incorporating this, is who is the content
expert.... [HVC care is] a topic that ... a typical
academic [emergency] physician would [not] know about.
It almost needs to be a collaboration . .. [someone] with
health economic interest and knowledge and someone with
an education background, too, to figure out how to
incorporate this” ( Resident #7, PGY-4).

Consistent with this qualitative theme, the highest
percentage of residents ranked modalities with the
opportunity for interactive small-group discussion highly,
whether as online apps or in person, on the survey
questionnaire (Figure 1).

Sub-theme 4: Curriculum targeted to their level of training.
While most of the residents recognized the need for a
formal HVC curriculum during medical training, there was

variation in when they thought this curriculum should be
introduced at the residency-training level. The PGY-1 and
PGY-2 residents voiced desire to focus on clinical knowledge
acquisition in lieu of health economics topics:

“As an intern, I'd rather be more towards the clinical aspect
of things right now ... I don’t think I've developed that skill
enough to want to sacrifice one of those journal clubs for
health economics. I think as a later resident, I'd be on
board ...” (Resident #1, PGY-1).

“My initial thought was that I would want something
clinically relevant because I feel like [I am] earlier in
training and just trying to build that foundation ...”
( Resident #4, PGY-2).

A non-intern resident noted “I feel like as I'm progressing
through residency, I get more and more curious and I'm
more willing to accept information about that stuff [HVC]”
(Resident #5, PGY-3). In reply to an intern indicating the
topic of “[relative value units] and physician-associated
income ... wouldn’t appeal or apply to me right now when I
would just forget it” (Resident #3, PGY1), Resident #7
(a PGY-4) reflected that non-intern residents would be
interested due to personal decision-making: “I would say the
PGY-3s because some of the PGYs would start signing
contracts in the summer”
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Figure 1. Percentage of respondents ranking each instructional modality among top two choices and mean ranking within eight modality

options (n=8).

An interesting perspective raised by one of the non-intern
residents was the potential to negatively influence junior
learners’ practice patterns if topics of HVC were introduced
too early in medical training:

“I wonder from an education mission side, could you
influence early trainees’ ... practice patterns because of
knowledge of this. And I don’t want that to happen ...
you need to see where you fall in that spectrum to
develop your practice pattern. And I wonder if you find
out that a test costs this amount of money, maybe you
won't get to fully explore that spectrum and develop
your own point on that spectrum” ( Resident #7, PGY-4).

Lastly, a couple of residents voiced concern about the
integration of a novel curriculum in an EM training program
given that EM’s scope of practice already addresses many
adjacent disciplines:

“We're all kind of in agreement that a baseline level of
understanding you should have ... but as far as about
data and literature ... I'd kind of reserve that for people
that have an interest in it, similar to how we do with other
things, like sports medicine” ( Resident #3, PGY-1).

“You have so many things to learn. Not only clinically,
but also our non-clinical curriculum is pretty
impressive, so it’s tough [to] add a whole other
curriculum” ( Resident #8, PGY-4).

DISCUSSION

Residents recognized the importance of learning HVC
principles for application in both patient care and to inform
systems-based practice; however, they felt inadequately
trained on the topic. Our needs assessment identified two

main themes to inform EM-specific curricula addressing
HVC topics: resident experience with and perception of
HVC, and desired education and curricular design.

Consistent with studies in other disciplines and settings,
the residents reported limited confidence in their knowledge
of basic HVC principles, and the financial impacts of cost of
care for individual patients and the healthcare system as a
whole.”!%!3 Sub-themes 1 (understanding of HVC focuses
on diagnosis and decision-making) and 2 (resident concerns
about patient costs) in this study were consistent with themes
from focus groups completed with general pediatrics
residents at two centers of “how an intervention changes
management” and “thinking about the cost as a harm.”"”

Residents stated that early on in their training, HVC
knowledge gaps are related to patient costs, patient insurance
reimbursement, cost-benefit analysis, and resource
stewardship. Later, self-identified knowledge gaps emerging
as non-intern learners were primarily related to physician
reimbursement. A review of the literature, including prior
work within pediatrics and internal medicine, suggested no
prior evidence of resident knowledge or interest varying by
experience level; if validated in additional settings, such
variations with learner experience would provide valuable
guidance in the design of educational curricula.

The resident participants stated their lack of formal
training in and basic knowledge of HVC was a barrier to
providing high-value emergency care. They also reported
limited awareness of national health policy yet were less
interested in a detailed understanding of these topics. This
finding suggests that a specialized elective may be better
suited to education regarding health policy topics that do not
directly tie into day-to-day emergency care, as in the example
described by Greysen and colleagues.’' Finally, the
participants also indicated the need for more education on
system-wide reimbursement and HVC policies. To meet this
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need, prior national-level survey data from internal medicine
residents and program directors suggests that institutional
support for both HVC faculty development and provision of
physician cost-of-care performance data are associated with
an increase in resident reports of education on HVC.*?

Unanticipated aspects of HVC that were viewed as learner
obstacles included dynamic conflicts between internal learner
beliefs and external expectations and the variability in value
perception between patients and clinicians. These issues may
complicate residents’ perception of and implementation of
HVC in the clinical setting; addressing these issues within
HVC education is critical to avoid unintentional creation of
anxiety, or even moral distress, in the training environment.
In an intern-targeted curriculum in internal medicine, Hom
and colleagues also discussed resident-perceived barriers
surrounding intra-team, interdisciplinary, and patient and
family dynamics and how they complicate understanding
and implementation of HVC principles at an early learner
stage.'* Thus, future curricula will need to focus both on
foundational knowledge dissemination and techniques on
how to approach the above barriers.

An additional unexpected barrier raised by residents in the
focus group was the concern that the existing EM training
curriculum does not have the capacity to incorporate HVC;
and, therefore, HVC training may not fit as a core element.
While not addressed in these focus groups, a future direction
for work in this area should include evaluation of how
residents would weigh HVC training compared to other
curricular elements and whether there would be opportunity
to make potential “tradeoffs.”

In terms of curricular design and format, themes emerged
to optimize not only knowledge acquisition and
understanding, but also timing during the residency training
program. The resident participants were in support of an
expert-led, discussion-based curriculum to learn the
principles of HVC, consistent with the experiences of Hom
and colleagues.'® These findings also coincide with those of
Stammen et al in their systematic review, concluding that
reflective practice through feedback and group discussions
incentivize physicians to think critically about medical
decisions.'*The residents also suggested that HVC topics
should be targeted more toward non-intern residents who
have mastered proficiency in basic clinical knowledge and
skills and would be able to apply these new principles with
more purpose than their junior counterparts, although some
earlier knowledge base to supplement formative experiential
growth throughout residency may be beneficial. They did
voice concern that the introduction of HVC too early in
residency could jeopardize early learners’ practice
pattern development.

LIMITATIONS
There are several limitations to consider with regard to our
study. First, this study reflects a sample of residents from a

single-center, large academic hospital and may not be
applicable to all academic- and community-based training
programs. Because it was a single-center study, we could not
distinguish how three-year programs or four-year programs
with different approaches to resident progression or
“seniority” would differ from the findings identified here.
Second, only a small subset of program residents participated
in either focus group, leading to the possibility of selection
bias with regard to the participants who volunteered to
discuss their thoughts on HVC. These residents may have
had a particular interest in medical education or HVC that
may not be applicable to all EM residents across the country.
The small subset of participating residents also likely limited
the number of available perspectives to be collected and
inform thematic saturation.

Third, the study included a mix of junior and senior
residents. While the study allowed for a rich spectrum of
experience to inform previous exposure to HVC principles,
it may not have been as impactful as evaluating the
perspectives of the most experienced residents in a
program who had nearly completed the entire program
curriculum and could identify areas for nuanced
improvement. Fourth, while the use of focus groups
(rather than one-on-one interviews) allowed emergent
discussion between participants, the presence of peers may
have led some participants to avoid making statements due
to fear of being perceived as controversial. Fifth, due to
transitions in roles, member checking could not be
performed. While our study adds a critically necessary
needs assessment to the current body of literature, further
and more rigorous studies that include a larger number of
residency programs and participating residents are needed
to verify these findings to accurately inform future
EM curricula.

CONCLUSION

Our targeted needs assessment indicates that residents
currently face gaps in knowledge of high-value care
topics pertaining to the medical care that they provide and
may benefit from additional training during residency.
Residents interviewed in this study identified several
perceived barriers to understanding HVC, but they
consistently expressed interest in a formal curriculum to
address these challenges. We found a preference for
interactive, small-group discussion-based formats
with content adjusted by level of clinical training.
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Background: Emergency medicine (EM) resident training is guided by the American Board of
Emergency Medicine Model of the Clinical Practice of Emergency Medicine (EM Model) and the EM
Milestones as developed based on the knowledge, skills, and abilities (KSA) list. These are consensus
documents developed by a collaborative working group of seven national EM organizations. External
experts in geriatric EM also developed competency recommendations for EM residency education in
geriatrics, but these are not being taught in many residency programs. Our objective was to evaluate how
the geriatric EM competencies integrate/overlap with the EM Model and KSAs to help residency
programs include them in their educational curricula.

Methods: Trained emergency physicians independently mapped the geriatric resident competencies
onto the 2019 EM Model items and the 2021 KSAs using Excel spreadsheets. Discrepancies were
resolved by an independent reviewer with experience with the EM Model development and resident
education, and the final mapping was reviewed by all team members.

Results: The EM Model included 77% (20/26) of the geriatric competencies. The KSAs included most of
the geriatric competencies (81%, 21/26). All but one of the geriatric competencies mapped onto either the
EM Model or the KSAs. Within the KSAs, most of the geriatric competencies mapped onto necessary
level skills (ranked B, C, D, or E) with only five (8%) also mapping onto advanced skills (ranked A).

Conclusion: All but one of the geriatric EM competencies mapped to the current EM Model and KSAs.
The geriatric competencies correspond to knowledge at all levels of training within the KSAs, from
beginner to expertin EM. Educators in EM can use this mapping to integrate the geriatric competencies
within their curriculums. [West J Emerg Med. 2024;25(1)51-60.]

INTRODUCTION

Emergency medicine (EM) residents have 3—4 years of
training to learn an extensive array of skills. This includes the
skills needed to care for older patients, who make up 16-20%
of their patients."> The American Board of Emergency
Medicine (ABEM) codifies the skills needed for competency
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Medicine (EM Model) and the 2021 knowledge, skills, and
abilities (KSA).** The EM Model lists clinical presentations
and disease types and the KSAs are a list of skills and abilities
integral to EM practice. Many residency programs base their
curriculums on these documents. However, it is unclear how
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best to integrate geriatric teaching within these
complex curricula.

In 2010 Hogan et al published eight domains with 26
competencies of geriatric education derived from an expert
consensus panel that are considered essential learning during
EM residency for the care of older adults in the emergency
department (ED).” These competencies are also used for
categorizing geriatric continuing education for geriatric ED
accreditation and have been pivotal to the development of
geriatric EM as a subspecialty.®’ Despite this guidance,
geriatric concepts are still only minimally integrated
into resident education.® Without dedicated training,
resident knowledge of geriatric competencies is poor.
But there is currently no guidance on how to integrate
the geriatric competencies within an EM
residency curriculum.

Our curriculum is based on the EM Model and KSAs. Our
goal was to determine whether the geriatric competencies can
be covered by an EM Model-based curriculum.

9-11

METHODS

This project is not human subjects research and did not
require institutional board review. The study was a
descriptive comparison of the 2019 EM Model and the 2021
KSAs to the 2010 geriatric competencies using a consensus-
based process. The KSAs include both a description and a
level. They are divided into overarching categories
(eg, diagnosis, pharmacotherapy, reassessment) which are
then divided into steps.* Each step is given a hierarchy in
training (with A the highest and E the lowest). Level A is
for advanced knowledge or skills. Level B is the minimal
competency level for passing EM residency. Levels C, D,
and E are skill steps to reach level B.

In the first phase of consensus mapping, two residents
(a second-year EM resident and a fourth-year EM/internal
medicine resident) and a geriatric fellowship-trained EM
attending independently mapped geriatric competencies
using Excel (Microsoft Corporation, Redmond WA). They
were instructed to first use the search button to look for exact
language and then go item by item through the EM Model
and the KSAs to map similar language or concepts. For
example, the concept of delirium could be described as
altered mental status or encephalopathy. A clear association
was defined by the team as 1) a keyword match or
2) consensus that it was likely that an emergency physician
lecturing/teaching on the EM Model content item would, in
normal teaching practices, teach the geriatric competency. If
this was not the case, but the geriatric competency could be
incorporated under this topic by someone intentionally
teaching the competencies, this was listed as a suggested area
for incorporation. Reviewers were instructed to be generous
with mapping during this first round.

If all three or 2/3 agreed, this was considered initial
consensus. Any remaining discrepancies were then

independently reviewed by another emergency physician
with expertise in resident education (former EM program
director and current ABEM executive committee member).
The full group met and reviewed the final discrepancies until
consensus was reached. The consensus tables were then
reviewed independently by two more emergency physicians
at external residency programs for content validity. A similar
process was used for mapping KSAs. Reviewers were blinded
to the KSA level (A-E designation).

RESULTS
Incorporation into the 2019 EM Model

The EM Model has 963 items. On the first round, 126
items (13% of content) were identified as potential matches,
including all of /7.1 Drug and Chemical Classes. Round 1
consensus was 96.2% (927 items). Table 1 lists the 20 geriatric
competencies (77%) included in the 2019 EM Model. Key
word matches included competency #6: “Demonstrate
ability to recognize patterns of (physicallsexual,
psychological, neglectlabandonment) that are consistent
with elder abuse[, ]” which maps to “Model Content
14.6.1.3 Patterns of Violencel Abuse/ Neglect: Intrapersonal
Violence: Elder.” Others were matched by concept, such as
competency #11: “Assess and correct (if appropriate)
causative factors in agitated elders such as untreated pain,
hypoxia, hypoglycemia, use of irritating tethers (defined as
monitor leads, blood pressure cuff, pulse oximetry,
intravenous access, and Foley catheter), environmental
factors (light, temperature), and disorientation [, ]” which
could be incorporated into teaching on /2.14 Nervous
System Disorders: Delirium.

Initial disagreements included whether signs and
symptoms were meant to be used to formulate a differential
diagnosis for that symptom or to describe management of the
symptoms. There was also a question as to whether G11,
which discusses “irritating tethers” as a cause of delirium,
should be mapped to all procedures such as 719.4.1.4.
Nasogastric tube. The group decided that this would be
better encompassed under the EM Model item for delirium.
Table 2 lists the six geriatric competencies without a clear fit
within the EM Model and suggestions from the team on
where to include them.

Incorporation into the 2021 Knowledge, Skills, and Abilities
The initial independent mapping resulted in consensus on
84% of the items (179/214). Of the geriatric competencies,
216 (81%) mapped onto KSAs (Table 3). The most common
categories were Communication & Interpersonal Skills
(CS0), Pharmacotherapy (PT0), and Transitions of Care
(TCO0). Of the five competencies that did not map directly
onto the KSAs, all had mapping items in the EM Model
except one. The one competency that did not map directly to
any EM Model or KSA was Effects of Comorbid Conditions
(G24): “Assess and document the presence of comorbid
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Table 1. The geriatric teaching competencies mapped onto the Emergency Medicine Model of Care.

Geriatric
competency Description EM model item
G1 Generate a differential diagnosis recognizing that signs and symptoms 1.1 Abnormal vital signs
such as pain and fever may be absent or less prominent in elders with 1.2 Pain
acute coronary syndromes, acute abdomens, or infectious processes.
G2 Generate an age-specific differential diagnosis for elder patients 1.3.1 General- altered mental status
presenting to the ED with general weakness, dizziness, falls, or altered 1.3.4 General- ataxia
mental status. . .
1.3.19 General- fatigue/malaise
1.3.28 General- lightheadedness/dizziness
1.3.53 General- weakness
18.3.2 Multisystem trauma- falls
G3 Document consideration of adverse reactions to medications, including 1.3.55 General- toxidromes
drug-drug and drug-disease interactions, as part of the initial differential 17.1 Drug and chemical classes: entire
diagnosis. section
G4 In patients who have fallen, evaluate for precipitating causes of falls such 1.3.4 General- ataxia
as medications, alcohol use/abuse, gait or balance instability, medical 1.3.53 General- weakness
illness, and/or deterioration of medical conditions. .
18.3.2 Multisystem trauma- falls
G5 Assess for gait instability in all ambulatory fallers; if present, ensure 18.3.2 Multisystem trauma- falls
appropriate disposition and follow-up including attempt to reach primary
care physician.
G6 Demonstrate ability to recognize patterns of trauma (physical/sexual, 14.6.1.3 Patterns of violence/abuse/
psychological, neglect/abandonment) that are consistent with elder neglect- elder
abuse. Manage the abused patient in accordance with the rules of the
state and institution.
G7 Institute appropriate early monitoring and testing with the understanding  1.3.41 General- shock
that elders may present with muted signs and symptoms (eg, absent pain
and neurologic changes) and are at risk for occult shock.
G8 Assess whether an elder is able to give an accurate history, participate in  12.8.1 Other conditions of the brain-
determining the plan of care, and understand discharge instructions. dementia
14.5.2 Organic psychoses- dementia
20.4.5.4 Regulatory/legal- consent, capacity
and refusal of care
G9 Assess and document current mental status and any change from 1.3.1 General- altered mental status
baseline in every elder, with special attention to determining whether 12.8.1 Other conditions of the brain-
delirium exists or has been superimposed on dementia. dementia
12.14.1 Delirium- excited delirium
syndrome
14.5.2 Organic psychoses- dementia
G10 Emergently evaluate and formulate an age-specific differential diagnosis  1.3.18 General- failure to thrive
for elders with new cognitive or behavioral impairment, including self-
neglect; initiate a diagnostic workup to determine the etiology; and initiate
treatment.
G11 Assess and correct (if appropriate) causative factors in agitated elders 12.14.1 Delirium- excited delirium

such as untreated pain, hypoxia, hypoglycemia, use of irritating tethers syndrome
(defined as monitor leads, blood pressure cuff, pulse oximetry,

intravenous access, and Foley catheter), environmental factors (light,

temperature), and disorientation.

(Continued on next page)
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Table 1. Continued.

Geriatric
competency Description EM model item
G12 Recommend therapy based on the actual benefit to risk ratio, including 12.11.1.1 Stroke- intracerebral hemorrhagic
but not limited to acute myocardial infarction, stroke, and sepsis, so that  stroke
age alone does not exclude elders from any therapy. 12.11.1.2 Stroke- subarachnoid
hemorrhagic stroke
12.11.2.1 Stroke- embolic ischemic stroke
12.11.2.2 Stroke- thrombotic ischemic
stroke
20.4.4.1 Health care coordination- advance
directives
G14 Prescribe appropriate drugs and dosages considering the current 17.1 Drug and chemical classes: entire
medication, acute and chronic diagnoses, functional status, and section
knowledge of age-related physiologic changes (renal function, central
nervous system sensitivity).
G15 Search for interactions and document reasons for use when prescribing  17.1 Drug and chemical classes: entire
drugs that present high risk either alone or in drug-drug or drug-disease  section
interactions (eg, benzodiazepines, digoxin, insulin, NSAIDs, opioids, and
warfarin).
G16 Explain all newly prescribed drugs to elders and caregivers at discharge, 20.1.1.3 Interpersonal skills- patient and
assuring that they understand how and why the drug should be taken, the family education
possible side effects, and how and when the drug should be stopped.
G19 With recognition of unique vulnerabilities in elders, assess and document 20.3.2.6 Ethical principles- care of
suitability for discharge considering the ED diagnosis, including cognitive  vulnerable populations
function, the ability in ambulatory patients to ambulate safely, availability 54 4 4 3 1 Healthcare coordination-
of appropriate nutrition/social support, and the availability of access to activities of daily living/functional
appropriate follow-up therapies. assessment
G20 Select and document the rationale for the most appropriate available 20.4.4.2.3 Healthcare coordination- hospice
disposition (home, extended care facility, hospital) with the least risk of referral
the many complications commonly occurring in elders during inpatient
hospitalizations.
G21 Rapidly establish and document an elder’s goals of care for those with a  20.4.4.1 Healthcare coordination- advance
serious or life-threatening condition and manage accordingly. directives
20.4.4.2.1 Healthcare coordination- patient
identification for palliative care
G22 Assess and provide ED management for pain and key non-pain 19.3.3 Anesthesia and acute pain
symptoms based on the patient’s goals of care. management- analgesia
G23 Know how to access hospice care and how to manage elders in hospice 20.4.4.2.3 Healthcare coordination- hospice

care while in the ED.

referral

NSAID, non-steroid anti-inflammatory drug; ED, emergency department.

conditions (eg, pressure ulcers, cognitive status, falls in the
past year, ability to walk and transfer, renal function, and
social support) and include them in your medical decision-
making and plan of care.” Incorporating the potential
consequences of comorbid conditions is included in KSA
PR2: “Perform the indicated procedure on an uncooperative
patient, patient at the extremes of age (pediatric, geriatric),
multiple co-morbidities, poorly defined anatomy,
hemodynamically unstable, high risk for pain or procedural
complications, sedation required, or emergent indication to
perform procedure, and recognize the outcome andlor

complications resulting from the procedure” (KSA Level B).
While the geriatrics competency addresses medical decision-
making and the KSA address difficult procedures, there is
some overlap in the training required.

Of the 63 matches within the KSA, five (8%) mapped onto
advanced level A skills (DX7, Identify obscure, occult, or
rare patient conditions; and T16, Develop protocols to avoid
potential complications of interventions). About half (31,
49%) mapped onto required competency skills (Level B), and
the remaining 27 (43%) were developing skills (Level C, D or
E, 27, 43%) (Table 3).
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Table 2. Suggestions for teaching the geriatric competencies that do not fit clearly within the Emergency Medicine Model.

Geriatric Suggestions for teaching geriatric competencies
competency Description without a clear association with EM Model items
G13 Identify and implement measures that protect elders from  Could be discussed under Procedure Domain or Practice-

developing iatrogenic complications common to the ED based Learning and Improvement: Patient safety and
including invasive bladder catheterization, spinal Medical errors
immobilization, and central line placement.

G17 Document history obtained from skilled nursing or No transitions of care, nursing facility, or disposition areas.
extended care facilities of the acute events necessitating  Could be taught under Interpersonal and Communication
ED transfer including goals of visit, medical history, Skills: Intra-departmental relations, teamwork, and
medications, allergies, cognitive and functional status, collaboration skills.
advance care plan, and responsible PCP.

G18 Provide skilled nursing or extended care facilities and/or No transitions of care, nursing facility, or disposition areas.
PCP with ED visit summary and plan of care, including Could be taught under Interpersonal and Communication
follow-up when appropriate. Skills: Intra-departmental relations, teamwork, and

collaboration skills.

G24 Assess and document the presence of comorbid While individual elements listed are in the model
conditions (eg, pressure ulcers, cognitive status, falls in (eg, ulcerative lesions: decubitus), the concept of
the past year, ability to walk and transfer, renal function, comorbidity in older adults is distinct from disease-oriented
and social support) and include them in your medical items.
decision-making and plan of care.

G25 Develop plans of care that anticipate and monitor for Could be discussed under Practice-based Learning and
predictable complications in the patient’'s condition Improvement: Patient safety and Medical Errors.

(eg, gastrointestinal bleed causing ischemia).
G26 Communicate with patients with hearing/sight impairment  Could be discussed under Interpersonal and

Communication Skills: Cultural Competency.

ED, emergency department; PCP, primary care physician.

DISCUSSION

The geriatric competencies for EM residency training
integrate well within the EM Model and KSAs, with
only one competency not having a direct match.
Demonstrating this overlap between the suggested
subspecialty curriculum and the EM model can help EM
educators ensure that the geriatric competencies are
incorporated into their curricula. This mapping could also
guide the development of board exam questions, lectures,
or simulation cases.

The EM Model is very brief, which can make directing
education difficult. For instance, training on the EM Model
item 18.3 Multi-system Trauma. Falls is expounded upon in
geriatric competency #4: “In patients who have fallen,
evaluate for precipitating causes of falls such as
medications, alcohol uselabuse, gait or balance instability,
medical illness, andlor deterioration of medical conditions.”
Or another example, KSA DXI “Synthesize chief
complaint, history, physical examination, and available
medical information to develop a differential diagnosis” can
include a discussion of geriatric competency #3 “Document
consideration of adverse reactions to medications, including
drug-drug and drug-disease interactions, as part of the
initial differential diagnosis.” They both describe the initial
generation of a differential diagnosis, but the geriatric

competency adds pharmacology interactions and adverse
reactions to be considered in the differential.

A second finding of this study was that the geriatric
competencies align with elements required for minimal KSA
competency. This implies that different aspects of geriatric
care can (and we argue, should) be taught throughout a
resident’s training. It also suggests that the geriatric
competencies were well developed for the residency level of
training and should not be considered “too advanced” or
“subspecialty training.” While prior research has evaluated
separate geriatric-specific curricula,” ' our work shows that
geriatric competencies can be integrated throughout a
curriculum based on the EM Model and KSAs. As of 2021,
there were only 25 geriatric fellowship-trained emergency
physicians, which is not enough for every residency
program.'? Programs without faculty who have no interest or
training in geriatrics could also use external training
resources such as the online learning modules at
https://geri-em.com/ and at the Geriatric Emergency
Department Collaborative (https://gedcollaborative.com/
online-learning/).

LIMITATIONS
One limitation of this project was the consensus definitions
used. We were unable to find any existing methods to help us
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Table 3. The geriatric competencies were mapped onto the 2021 ABEM knowledge, skills, and abilities list.

Geriatric KSA
competency Description code Description Level
G1 Generate a differential diagnosis recognizing that DX1 Synthesize chief complaint, history, physical C
signs and symptoms such as pain and fever may examination, and available medical information to
be absent or less prominent in elders with acute develop a differential diagnosis
coronary syndromes, acute abdomens, or DX7 Identify obscure, occult, or rare patient conditions A

infectious processes. . o
DX8 Construct a list of potential diagnoses based onthe D

chief complaint

G2 Generate an age-specific differential diagnosis for DX1  Synthesize chief complaint, history, physical C
elder patients presenting to the ED with general examination, and available medical information to
weakness, dizziness, falls, or altered mental status. develop a differential diagnosis

DX7 Identify obscure, occult, or rare patient conditions A

DX8 Construct a list of potential diagnoses based onthe D
chief complaint

G3 Document consideration of adverse reactions to DX1 Synthesize chief complaint, history, physical C
medications, including drug-drug and drug-disease examination, and available medical information to
interactions, as part of the initial differential develop a differential diagnosis
diagnosis. PT5 Recognize, monitor, and treat adverse effects of B

pharmacotherapy

G6 Demonstrate ability to recognize patterns of trauma LI8  Adhere to processes and procedures to ensure that B
(physical/sexual, psychological, neglect/ appropriate agencies are notified in situations that
abandonment) that are consistent with elder abuse. could pose a threat to individual or public health
Manage the abused patient in accordance with the (eg, violence and communicable disease) in
rules of the state and institution. accordance with local legal standards

LI10 Adhere to legal and ethical standards to assess B
and treat patients presenting to the ED

LI11  Advocate for patients vulnerable to violence or B
abuse in accordance with legal and ethical
standards

LI13 Identify patients vulnerable to abuse or and/or C
neglect

G7 Institute appropriate early monitoring and testing DX7 Identify obscure, occult, or rare patient conditions A
w!th the undgrstandmg that elders may present. DS1  Prioritize essential testing D
with muted signs and symptoms (eg, absent pain ) ) ) .
and neurologic changes) and are at risk for occult DS2 Detgrmlne necessity and urgency of diagnostic E

studies
shock.

G8 Assess whether an elder is able to give an CS5 Communicate information to patients and families B
accurate history, participate in determining the plan using verbal, nonverbal, written, and technological
of care, and understand discharge instructions. skills, and confirm understanding

CS15 Solicit patient participation in medical decision- C

making by discussing, risks, benefits, and
alternatives to care provided

HP2 Prioritize essential components of a history and B
physical examination given limited (eg, altered
mental status) or dynamic (eg, acute coronary
syndrome) situations

TC13 Ensure patient has resources and tools to comply B
with discharge plan, which may include modifying
the plan or involving additional resources (ie, PCP,
social work, financial aid) to optimize compliance

(Continued on next page)
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Table 3. Continued.

Geriatric KSA
competency Description code Description Level

TC17 Explain clearly and ensure patient understanding of B
diagnosis, discharge instructions, and the
importance of follow-up and compliance with

treatments.

G9 Assess and document current mental status and HP6 Identify relevant historical and physical findings to B
any change from baseline in every elder, with guide diagnosis and management of a patient’s
special attention to determining whether delirium presenting complaint in the context of their baseline
exists or has been superimposed on dementia. condition

G10 Emergently evaluate and formulate an age-specific DX1  Synthesize chief complaint, history, physical C
differential diagnosis for elders with new cognitive examination, and available medical information to
or behavioral impairment, including self-neglect; develop a differential diagnosis
initiate a diagnostic workup to determine the HP2  Prioritize essential components of a history and B

etiology; and initiate treatment. physical examination given limited (eg, altered

mental status) or dynamic (eg, acute coronary
syndrome) situations

G12 Recommend therapy based on the actual benefit to CS14 Communicate risks, benefits, and alternatives to C
risk ratio, including but not limited to acute diagnostic and therapeutic procedures/interventions
myocardial infarction, stroke, and sepsis, so that to patients and/or appropriate surrogates, and
age alone does not exclude elders from any obtain consent when indicated
therapy. DS4 Review risks, benefits, contraindications, and o}

alternatives to a diagnostic study or procedure

TI8 Assess indications, risks, benefits, and alternatives B
for the therapeutic intervention.

G13 Identify and implement measures that protect DS4 Review risks, benefits, contraindications, and C
elders from developing iatrogenic complications alternatives to a diagnostic study or procedure
common to the ED including invasive bladder PR2 Perform the indicated procedure on an B

catheterization, spinal immobilization, and central

X uncooperative patient, patient at the extremes of
line placement.

age (pediatric, geriatric), multiple comorbidities,
poorly defined anatomy, hemodynamically
unstable, high risk for pain or procedural
complications, sedation required, or emergent
indication to perform procedure, and recognize the
outcome and/or complications resulting from the
procedure

PR7 Recognize the indications, contraindications, D
alternatives, and potential complications for a
procedure

TI8 Assess indications, risks, benefits, and alternatives B
for the therapeutic intervention.

G14 Prescribe appropriate drugs and dosages PT2 Identify relative and absolute contraindications to C
considering the current medication, acute and specific pharmacotherapy
chronic diagnoses, functional status, and PT5 Recognize, monitor, and treat adverse effects of B
knowledge of age-related physiologic changes pharmacotherapy
(renal function, central nervous system sensitivity). . . .
PT6 Select and prescribe appropriate pharmaceutical C
agents based on intended e ect and patient
allergies

(Continued on next page)
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Table 3. Continued.

Geriatric
competency

Description

KSA
code

Description

Level

G15

G16

G17

G18

Search for interactions and document reasons for
use when prescribing drugs that present high risk
either alone or in drug-drug or drug-disease
interactions (eg, benzodiazepines, digoxin, insulin,
NSAIDs, opioids, and warfarin).

Explain all newly prescribed drugs to elders and
caregivers at discharge, assuring that they
understand how and why the drug should be taken,
the possible side effects, and how and when the
drug should be stopped.

Document history obtained from skilled nursing or
extended care facilities of the acute events
necessitating ED transfer including goals of visit,
medical history, medications, allergies, cognitive
and functional status, advance care plan, and
responsible PCP.

Provide skilled nursing or extended care facilities
and/or PCP with ED visit summary and plan of
care, including follow-up when appropriate.

PT9

PT2

PT5

PT9

PT10

TI6

TI8

CS5

TC17

CS6

CS10

CS10

TC14

TC16

Select, prescribe, and be aware of adverse effects
of appropriate pharmaceutical agents based upon
relevant considerations such as intended effect,
financial considerations, possible adverse effects,
patient preferences, institutional policies, and
clinical guidelines.

Identify relative and absolute contraindications to
specific pharmacotherapy

Recognize, monitor, and treat adverse effects of
pharmacotherapy

Select, prescribe, and be aware of adverse effects
of appropriate pharmaceutical agents based upon
relevant considerations such as intended effect,
financial considerations, possible adverse effects,
patient preferences, institutional policies, and
clinical guidelines.

Conduct focused medication review and identify
agents including nutraceuticals and complementary
medicines that may be causing an adverse effect

Develop protocols to avoid potential complications
of interventions

Assess indications, risks, benefits, and alternatives
for the therapeutic intervention.

Communicate information to patients and families
using verbal, nonverbal, written, and technological
skills, and confirm understanding

Explain clearly and ensure patient understanding of
diagnosis, discharge instructions, and the
importance of follow-up and compliance with
treatments.

Elicit information from patients, families, and other
healthcare members using verbal, nonverbal,
written, and technological skills

Communicate pertinent information to healthcare
colleagues in effective and safe transitions of care

Communicate pertinent information to healthcare
colleagues in effective and safe transitions of care

Identify patients who will require transfer to a
facility that provides a higher level of care and
coordinate this transition of care by ensuring
communication with the receiving provider,
completion of transfer documentation, education of
the patient or surrogate the reasons for transfer,
consent for transfer, and arrangement of
appropriate transportation.

Use appropriate tools for transitions of care,
discharge instructions, prescriptions, follow-up
instructions, and any pending diagnostic studies to
promote effective care and decrease error

(Continued on next page)
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Table 3. Continued.

Geriatric KSA

competency Description code Description Level

G19 With recognition of unique vulnerabilities in elders, OB9 Reassess, manage, and prognosticate the course B
assess and document suitability for discharge of patients in ED observation status to determine
considering the ED diagnosis, including cognitive appropriate disposition.
function, the ability in ambulatory patients to 1c13 Ensure patient has resources and tools to comply B
aml:_;ulate safely, avallablllty_ of _a_pproprlate nutrition/ with discharge plan, which may include modifying
social support, and the availability of access to the plan or involving additional resources (ie, PCP,
appropriate follow-up therapies. social work, financial aid) to optimize compliance

TC18 Correctly determine the appropriate disposition C

G20 Select and document the rationale for the most CS10 Communicate pertinent information to healthcare C
appropriate available disposition (home, extended colleagues in effective and safe transitions of care
care facility, hospital) with the least risk of the many og{ |gentify patients appropriate for managementin ED  C
complications commonly occurring in elders during observation status
inpatient hospitalizations. )

OB9 Reassess, manage, and prognosticate the course B
of patients in ED observation status to determine
appropriate disposition.

TC12 Assign admitted patients to an appropriate level of B
care

TC14 Identify patients who will require transfer to a B
facility that provides a higher level of care and
coordinate this transition of care by ensuring
communication with the receiving clinician,
completion of transfer documentation, education of
the patient or surrogate the reasons for transfer,
consent for transfer, and arrangement of
appropriate transportation.

TC18 Correctly determine the appropriate disposition C

G21 Rapidly establish and document an elder’s goals of CS3 Elicit patients’ reasons for seeking healthcare and D
care for those with a serious or life-threatening their expectations from the ED visit
condition and manage accordingly.

G22 Assess and provide ED management for pain and ES15 Elicit the patient’s goals of care prior to initiating B
key non-pain symptoms based on the patient’s emergency stabilization, including evaluating the
goals of care. validity of advanced directives

G25 Develop plans of care that anticipate and monitor  DS4  Review risks, benefits, contraindications, and C
for predictable complications in the patient’s alternatives to a diagnostic study or procedure
condition (eg, gastrointestinal bleed causing TI6  Develop protocols to avoid potential complications A
ischemia). of interventions

G26 Communicate with patients with hearing/sight CS5 Communicate information to patients and families B
impairment using verbal, nonverbal, written, and technological

skills, and confirm understanding

CS7 Consider the expectations of those who provide or B
receive care in the ED and use communication
methods that minimize the potential for stress,
conflict, and miscommunication

CS18 Demonstrate interpersonal and communication B

skills including adjustment of interactions to
account for factors such as culture, gender, age,
language, disability, that result in the effective
exchange of information and collaboration with
patients, families, and all other stakeholders.

KSA, knowledge, skills, abilities; ED, emergency department; NSAID, non-steroidal anti-inflammatory drug; PCP, primary care physician.
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define curricular overlap. While we were strengthened by
having representation from multiple EM residency programs,
other education experts may have a different interpretation of
the domains and competencies and how they are typically
taught. Additionally, the reviewers were not all attendings and
not all geriatric-fellowship trained. Despite this, first-round
consensus was very high (84-96%), which suggests shared
knowledge among the group. The EM residents involved in
this project have since started fellowships in medical education
and palliative medicine, demonstrating their passion and
additional understanding in these areas.

CONCLUSION

The geriatric competencies are included within the EM
Model and knowledge, skills, abilities list. The competencies
provide more detail for education or board questions.
We identified areas of overlap where these subspecialty
competencies can be emphasized in EM residency curriculums.
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Introduction: Big data and improved analytic techniques, such as triple exponential smoothing (TES),
allow for prediction of emergency department (ED) volume. We sought to determine 1) which method of
TES was most accurate in predicting pre-coronavirus 2019 (COVID-19), during COVID-19, and post-
COVID-19 ED volume; 2) how the pandemic would affect TES prediction accuracy; and 3) whether TES
would regain its pre-COVID-19 accuracy in the early post-pandemic period.

Methods: We studied monthly volumes of four EDs with a combined annual census of approximately
250,000 visits in the two years prior to, during the 25-month COVID-19 pandemic, and the 14 months
following. We compared the accuracy of four models of TES forecasting by measuring the mean absolute
percentage error (MAPE), mean square errors (MSE) and mean absolute deviation (MAD), comparing
actual to predicted monthly volume.

Results: In the 23 months prior to COVID-19, the overall average MAPE across four forecasting
methods was 3.88% + 1.88% (range 2.41-6.42% across the four ED sites), rising to 15.21% + 6.67%
during the 25-month COVID-19 period (range 9.97—25.18% across the four sites), and falling to 6.45% +
3.92% in the 14 months after (range 3.86-12.34% across the four sites). The 12-month Holt-Winter
method had the greatest accuracy prior to COVID-19 (3.18% + 1.65%) and during the pandemic
(11.31% + 4.81%), while the 24-month Holt-Winter offered the best performance following the pandemic
(5.91% =+ 3.82%). The pediatric ED had an average MAPE more than twice that of the average MAPE
of the three adult EDs (6.42% =+ 1.54% prior to COVID-19, 25.18% =+ 9.42% during the pandemic,
and 12.34% + 0.55% after COVID-19). After the onset of the pandemic, there was no immediate
improvement in forecasting model accuracy until two years later; however, these still had not
returned to baseline accuracy levels.

Conclusion: We were able to identify a TES model that was the most accurate. Most of the models saw
an approximate four-fold increase in MAPE after onset of the pandemic. In the months following the most
severe waves of COVID-19, we saw improvements in the accuracy of forecasting models, but they were
not back to pre-COVID-19 accuracies. [West J Emerg Med. 2024;25(1)61-66.]

INTRODUCTION paired with historical volume. However, in recent years more
Forecasting emergency department (ED) volume is sophisticated methods of forecasting have been employed by
critical to determining staffing needs and operational pairing large-scale data availability with newer predictive
planning. Forecasting methodologies for predicting future ~ analytics techniques.'-* Variations in ED volume due to
volume have historically relied on subjective predictions seasonal and day of the week fluctuation have a general
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pattern that can be predicted based on advanced analytical
techniques.’ > The benefits of advanced predictive capacity
include calibrating staffing to volume needs, revising labor
resources with operational demands, infrastructure
planning, and informing financial planning.

Various methodologies exist for attempting to predict ED
volume; however, linear regression models have shown the
most promise.*® Such methods have been shown to predict
ED volumes with low mean absolute percentage errors
(MAPE). One study of four hospitals in Paris, France, found
a MAPE of 5%° while a Dutch study found a MAPE of
8.7%.> Another study that incorporated less conventional
time-series techniques found a MAPE of 8-10%." A fourth
study in two Chinese EDs used a hybrid method to
obtain MAPEs in the range of 5%.% Lastly, one study
using internet search data showed improved model
accuracy when including atmospheric data and
weather patterns.’

Triple exponential smoothing (TES) has become one of
the most recognized, reliable methods of predictive analytics
for anticipating unknown volumes. While methods like TES
are likely more accurate than subjective volume estimates,
they are predicated on the assumption of similarity between
recent experience and future expectations. Highly variable
periods brought on by times of extreme uncertainty, such as
the COVID-19 pandemic, raise questions about how
predictive analytics based on historical results would
perform. We sought to determine 1) which method of TES
was most accurate in predicting pre-COVID-19, during
COVID-19 and post COVID-19 ED volumes; 2) what would
the effect of the pandemic be on exponential smooth
accuracy; and 3) whether such models could regain their
pre-COVID-19 accuracy after the disruptive influence
of COVID-19.

METHODS

We examined data from four EDs between March
2018-April 2023 in three adult EDs (AED) and one pediatric
ED (PED) with total pre-COVID-19 annual census
>250,000 patients. Each ED provided data on monthly ED
census during the time period of the study, 23 months of data
pre COVID-19 (March 2018-January 2020), 25 months of
data during COVID-19 (February 2020-February 2022),
and 14 months after COVID-19 (March 2022—-April 2023).
This study included four EDs with similar patient
populations but different organizational structures. One ED
was a PED with nearly 55,000 visits per year prior to
COVID-19. The three AEDs included a suburban
community ED of approximately 33,000 visits pre-COVID-
19 that is a primary stroke center with an admission rate of
18%; a mixed academic/community ED of nearly 75,000
visits pre-COVID-19 that is a primary stroke center/STEMI
angiography center with an admission rate of 24%; and a
Level I academic urban trauma center/comprehensive stroke

Population Health Research Capsule

What do we already know about this issue?
Predictive analytics are more accurate than
subjective expert opinion for forecasting
future events. However, the accuracy may be
compromised by large-scale, abrupt
disruptive events.

What was the research question?

Was the accuracy of forecasting methods for
ED volume disrupted by the COVID-19
pandemic?

What was the major finding of the study?
Predictive models accuracy changed

from mean absolute percentage errors

of 3.18% + 1.65% pre-pandemic to

11.31% +4.81% after onset of COVID-19.

How does this improve population health?
While abrupt disruptive events such as a
pandemic may affect the accuracy of models
predicting ED volume, accuracy will improve
over time.

center with over 100,000 visits pre-COVID-19 with an
admission rate of 26%.

We compared four methods of monthly volume
forecasting: simple exponential smoothing with a 24-month
run-up (SES); Microsoft Excel’s AAA version of the
exponential smoothing (ES) algorithm seasonally adjusted
with a 24-month run-up; and Holt-Winter TES using 12- and
24-month run-up, both seasonally adjusted. The SES and ES
models use the Excel function FORECAST.ETS, which calls
for a target date, historical values for forecasting, a timeline,
and seasonality (for the ES model). Holt-Winter TES models
use historical data, seasonally adjusted level, and seasonality
from historical data to forecast ED volume. Holt-Winter has
three smoothing constants: alpha (weighting of forecast
placed on recent observations); beta (weighting of forecast
placed on the trend slope of recent observations); and gamma
(weighting of forecast placed on the seasonality of
recent observations).

We assessed the comparison of the accuracy of all four
models using the root mean squared errors (RMSE), which
determines how well the forecasted values fit with the
observed values, the lowest RMSE being the best fitting
model. Accuracy of the model was assessed using the MAPE,
mean square errors (MSE) and mean absolute deviation
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(MAD), comparing actual to predicted monthly volume. An
acceptable level of MAPE for this study was set within one
standard deviation above the average MAPE for all
forecasting models from the four sites. Using this approach
the acceptable level of MAPE was 5.8%. Statistical analyses
were conducted using Excel (Microsoft Corporation,
Redmon, WA). Accuracy of the four forecasting models pre-,
during, and post-COVID-19 was assessed by counting the
number of months where the forecasting was at an acceptable
level of MAPSE (5.8%) divided by the total of months’
forecast. This was conducted for each AED and PED

site and aggregated across all sites. This study received
institutional review board approval with waiver

of consent.

RESULTS

In the 23 months prior to COVID-19, the overall average
MAPE across four forecasting methods was 3.88% + 1.88%
(range of 2.41% to 6.42% across the four ED sites). The
overall average MAPE for the 25 months during COVID-19
pandemic was 15.21% + 6.67% during COVID-19 (range of
9.97-25.18% across the four ED sites). In the 14 months
following COVID-19, the overall average MAPE was 6.45%
+3.92% after (range of 3.86-12.34% across the four ED
sites). Due to the large difference in forecasting MAPE and
accuracy across all time points of interest for the PED,
performance was focused on the three AEDs.

Defining an acceptable limit to the MAPE as 1 SD above
the upper range pre-COVID-19 MAPE (5.8%) resulted in the
overall average of all forecasting models across the three
AED sites being accurate was 49% of months during
COVID-19 (range of 42-51% for overall forecasting model
accuracy) and 71.43% after COVID-19 (range of 64.29—
82.14% for overall forecasting model accuracy). (See
Table 1). Following the COVID-19 pandemic, the overall
Holt-Winter TES models indicated improvements trending
toward pre-COVID-19 accuracy as observed with reductions
in the MAPE and improvements in forecasting accuracy
within the acceptable limits of the MAPE. Among all AEDs,
the 12-month Holt-Winter had the greatest accuracy prior to
COVID-19 (overall 2.36% + 0.46%) and during the
pandemic (8.92% = 1.5%), while the 24-month Holt-Winter
offered the best performance following the pandemic (3.98%
+ 0.9%) (Table 1). Interestingly, for AED site 1 post COVID-
19, a significantly larger accuracy was obtained using the
Holt-Winter 24-month model (98.26%, 95% confidence
interval (CI) 89.25-96.46%). This AED has the largest
patient census. One example of this shift in the dynamic
visualizing the different forecasting models for one AED site
(site #1) is shown in Figure 1.

The PED was consistently less accurate than the AED,
with an average MAPE of 6.42% + 1.54% prior to COVID-
19, 25.18% + 9.42% during the pandemic, and 12.34% +
0.55% after COVID-19. When combining all four EDs,

Holt-Winter models accuracy decreased from 3.18% + 1.65
pre-COVID-19, 11.31% + 4.81 during the pandemic and
6.16% +4.02 after COVID-19 for the 12-month model and
decreased from 3.37% + 1.57 pre-COVID-19 11.51% + 5.25
during the pandemic, and 5.91% + 3.82 after COVID-19 for
the 24-month model.

DISCUSSION

Large-scale healthcare institutional decisions have been
substantially improved by the introduction of predictive
analytics in healthcare. Until recently, forecasting ED
volumes has been subjective and largely determined by
consensus estimates of hospital and ED leadership.”'° Using
consensus opinion for forecasting volumes is most applicable
in settings where institutional leadership has some control
over the volume estimates and the variability is lower.
Predictive analytics improve accuracy when variability is too
complex for subjective estimation, where volatility may be
high, and when volume of services to be rendered is out of
control of the institutional leadership. Therefore, predicting
ED volumes should be ideally suited for these analytical
methods. Recent work has demonstrated that predictive
analytics can be used to forecast ED volumes with some
degree of accuracy,' 7 although a 5-9% mean absolute
percentage error is unacceptable for financial and
logistical planning.

Our study yields several interesting findings. First, we were
able to find a forecasting methodology that was superior and
yielded pre-COVID-19 forecasting accuracy better than was
previously reported in the literature. Our 12-month Holt-
Winter TES model had a MAPE of 3.18% + 1.65% across all
four EDs. This is nearly 2-3 times better than previously
reported in the literature.">*° Our four EDs have a
combined census of approximately 250,000 visits; prior to the
pandemic this would have meant TES model accuracy within
+5,000 patients. One notable exception is that pre-, during
and post-COVID-19 estimates using TES in the PED
demonstrated MAPE twice that of the AED
counterparts (Table 1).

Under normal circumstances, this model would be an
excellent one to augment or perhaps supplant subjective
consensus opinion. However, the COVID-19 pandemic
disrupted normal assumptions about ED volume estimates
and significantly altered the forecasting landscape using
predictive analytics. After the onset of the pandemic, the
accuracy of this model was significantly upended and
resulted in substantial reductions in accuracy. Since onset of
the pandemic, the MAPE is 4-5 times larger. A MAPE of
about 10% would not be tolerated and would not be
considered more accurate than subjective estimates by
administrative leadership. This is particularly the case in the
PED, which demonstrated a MAPE nearly twice that of the
AEDs. COVID-19 hampered the ability of the TES model to
accurately forecast ED volume, but post-COVID-19 has
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Table 1. Four forecasting models mean average percentage error and accuracy across three adult emergency departments.

Accuracy during
COVID-19 /25 months%

(95% Cl)

Post-COVID-19
MAPE®%
(95% CI)

Accuracy post-
COVID-19 /14
months% (95% Cl)

Pre-COVID-19 During COVID-19
MAPE"% MAPE>%
(95% Cl) (95% ClI)

Site 1
SES 3.68 (3.67-3.69)  11.52 (11.46-11.59)
Excel AAA 1.62(1.61-1.63)  13.85 (13.77-13.93)
HW 12 m 2.04 (2.03-2.05) 7.40 (7.36-7.45)
HW 24 m 2.31(2.3-2.31) 7.09 (7.04-7.13)
Average 2.41 (1.54-3.29) 9.97 (6.75-13.18)
Site 2
SES 3.72(3.71-3.74)  14.51 (14.41-14.62)
Excel AAA 2.45(2.44-2.47)  18.65 (18.53-18.78)
HW 12 m 2.21(2.2-2.22) 9.84 (9.77-9.91)
HW 24 m 2.36 (2.35-2.37)  10.61 (10.53-10.68)
Average 2.69 (2.0-3.37) 13.4 (9.43-17.37)
Site 3
SES 7.64 (7.61-7.68)  12.95(12.84-13.07)
Excel AAA 2.46 (2.44-2.48)  17.58 (17.38-17.77)
HW 12 m 2.82(2.81-2.83) 9.51 (9.41-9.62)
HW 24 m 3.09 (3.07-3.1) 9.08 (8.97-9.19)
Average 4.0 (1.61-6.39) 12.28 (8.42-16.14)
AED Average
SES 5.01(2.44-7.59)  12.99 (11.3-14.69)
Excel AAA 2.18 (1.63-2.72)  16.69 (13.84-19.54)
HW 12 m 2.36 (1.89-2.82) 8.92 (7.42-10.41)
HW 24 m 2.59 (2.09-3.08) 8.93 (6.93-10.92)
Average 3.03 (2.01-4.05)  11.89 (9.87-13.89)

44 (40.11-47.89)
36 (32.24-39.76)
68 (64.34-71.66)
56 (52.11-59.89)
51 (47.08-54.92)

44 (40.11-47.89)
28 (24.48-31.52)
52 (48.08-55.92)
44 (40.11-47.89)
42 (38.13-45.87)

36 (32.24-39.76)
36 (32.24-39.76)
56 (52.11-59.89)
56 (52.11-59.89)
46 (42.09-49.91)

32 (28.34-35.66)
40 (36.16-43.84)
64 (60.24—67.76)
60 (56.16-63.84)
49 (45.08-52.92)

4.29 (4.27-4.31)
4.14 (4.12-4.16)
3.85 (3.84-3.87)
3.14 (3.13-3.16)
3.86 (3.35-4.36)

5.23 (5.2-5.26)
4.15 (4.13-4.16)
4.12 (4.09-4.15)
4.09 (4.07-4.12)
4.4 (3.85-4.94)

7.20 (7.16-7.24)
4.50 (4.46-4.54)
4.37 (4.34-4.41)
4.72 (4.68-4.76)
5.2 (3.88-6.51)

5.57 (3.89-7.25)
4.26 (4.03-4.5)
4.11 (3.81-4.41)
3.98 (3.08-4.88)
4.48 (3.71-5.26)

78.57 (72.83-84.32)
78.57 (72.83-84.32)
78.57 (72.83-84.32)
92.86 (89.25-96.46)
82.14 (76.78-87.5)

57.14 (50.21-64.07)
78.57 (72.83-84.32)
78.57 (72.83-84.32)
71.43 (65.1-77.75)
71.43 (65.1-77.75)

42.86 (35.93-49.79)
71.43 (65.1-77.75)
71.43 (65.1-77.75)
71.43 (65.1-77.75)
64.29 (57.58-70.99)

57.14 (50.21-64.07)
71.43 (65.1-77.75)
78.57 (72.83-84.32)
78.57 (72.83-84.32)
71.43 (65.1-77.75)

"Pre-COVID-19: includes ED volume from March 2018-January 2020.
2During-COVID-19: includes ED volume from February 2020—February 2022.
3Post-COVID-19: includes ED volume from March 2022—April 2023.
COVID-19, coronavirus 2019; C/, confidence interval; MAPE, mean average percentage error; AED, adult emergency department;
SES, simple exponential smoothing; HW 12 m, Holt-Winter 12 month; HW 24, Holt-Winter 24 month.

shown promise. Applying previous standards of accuracy
(pre-COVID-19) demonstrates the models (post-COVID-19)
were, on aggregate, able to accurately predict AED volume
more than 70% of the time (71.43%). Although the three
models with seasonal adjustment outperformed the SES
model with no seasonal adjustment, this post-COVID-19
accuracy was an improvement from the 49% accuracy of the
forecasting model during-COVID-19. On the contrary,
overall PED volume accuracy remained poor during-
COVID-19 (17%) and post-COVID (23.21%)).

LIMITATIONS
There are several limitations to our study. While this study
included four EDs in the same region, it includes four

departments of varying size and demographics. However,
each of these EDs demonstrated the same pattern, with
pediatrics showing even greater changes in accuracy. While
further stability in the model might be expected over time,
recurrent COVID-19 surges have not shown a predictable
pattern (Figure 1), making it doubtful that forecasting will
substantially improve in the short term. The data abstractors
were not blinded to the study hypothesis; however, they were
abstracting objective data and were not involved in

the data analysis. Lastly, although the changes brought on by
the COVID-19 pandemic were similar across all four of our
EDs, regional variations are likely to exist, particularly based
on the effect that COVID-19 surges have had on

ED volumes.
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Figure 1. Adult emergency department #1 trend in actual and forecasted patient volume over time.

COVID-19, coronavirus 2019.

CONCLUSION

Under normal operating circumstances triple exponential
smoothing represents an improvement in the accuracy of ED
volume prediction. However, the COVID-19 pandemic
significantly upset this balance, resulting in accuracy levels that
are 4-5 times worse than they once were. During the pandemic,
even the most accurate TES method was only able to meet pre-
COVID-19 predictive accuracy levels approximately 64% of
the time. Fortunately, after the pandemic, the forecasting
ability did improve with predictive levels approximately
78.57% of the time. Hospital and ED operations leadership
need to take this into account when forecasting budgetary
needs. Future work is needed that confirms this decrease in
forecasting accuracy and potentially forecast when these
models will return to baseline levels of accuracy.
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Introduction: Timely diagnosis of patients affected by an emerging infectious disease plays a crucial
role in treating patients and avoiding disease spread. In prior research, we developed an approach by
using machine learning (ML) algorithms to predict serious acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection based on clinical features of patients visiting an emergency department (ED)
during the early coronavirus 2019 (COVID-19) pandemic. In this study, we aimed to externally validate
this approach within a distinct ED population.

Methods: To create our training/validation cohort (model development) we collected data retrospectively
from suspected COVID-19 patients at a US ED from February 23—May 12, 2020. Another dataset was
collected as an external validation (testing) cohort from an ED in another country from May 12—June 15,
2021. Clinical features including patient demographics and triage information were used to train and test
the models. The primary outcome was the confirmed diagnosis of COVID-19, defined as a positive
reverse transcription polymerase chain reaction test result for SARS-CoV-2. We employed three
different ML algorithms, including gradient boosting, random forest, and extra trees classifiers, to
construct the predictive model. The predictive performances were evaluated with the area under the
receiver operating characteristic curve (AUC) in the testing cohort.

Results: In total, 580 and 946 ED patients were included in the training and testing cohorts, respectively.
Of them, 98 (16.9%) and 180 (19.0%) were diagnosed with COVID-19. All the constructed ML models
showed acceptable discrimination, as indicated by the AUC. Among them, random forest (0.785,
95% confidence interval [CI] 0.747—0.822) performed better than gradient boosting (0.774, 95% CI

Volume 25, No. 1: January 2024 67 Western Journal of Emergency Medicine


http://escholarship.org/uc/uciem_westjem
https://doi.org/10.5811/westjem.60243

Development of ML Models for Predicting COVID-19 in the ED

Tay et al.

between the constructed models.

2024;25(1)67-78.]

0.739-0.811) and extra trees classifier (0.72, 95% Cl 0.677-0.762). There was no significant difference

Conclusion: Our study validates the use of ML for predicting COVID-19 in the ED and demonstrates its
potential for predicting emerging infectious diseases based on models built by clinical features with
temporal and spatial heterogeneity. This approach holds promise for scenarios where effective
diagnostic tools for an emerging infectious disease may be lacking in the future. [West J Emerg Med.

INTRODUCTION

The global impact of the coronavirus 2019 (COVID-19)
pandemic, caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been far reaching.’ Its
clinical manifestations vary from mild to severe illness and
even death, with a subset of those infected remaining
asymptomatic.” The worldwide crisis has resulted in a
significant loss of life and deeply affected global health.
Effectively controlling disease transmission requires early
recognition and quarantine measures; however, this was
difficult before the identification of the causal pathogen and
the advent of the molecular diagnostic tool during the early
phase of the pandemic.

Taiwan had success in preventing COVID-19 outbreaks
until mid-May 2021 when community transmission emerged
and cases surged to over 3,100 in a week.* As of September
20,2022, Taiwan has reported over six million cases and over
5,000 deaths. The sudden surge in cases, coupled with
shortages of vaccine and testing, triggered a surge of patients
seeking care in the emergency department (ED). This surge
significantly impacted healthcare professionals, rendering
them susceptible to burnout and emotional strain.”® Tools
to reduce workload and streamline processes for healthcare
personnel are crucial to ease their mental health burden
during a pandemic.

When facing an emerging infectious disease such as
COVID-19, it is crucial to identify patients with the risk of
infection and thus avoid spreading the disease into the
community. For timely recognition of COVID-19 cases,
various machine learning (ML) models were developed using
a combination of clinical and laboratory reports,” '? with
some requiring imaging data.'* !> However, such data may
not be readily available during ED triage, hindering early
risk stratification. Moreover, any additional diagnostic tests
further pose risk to healthcare personnel and require
transport and movement of the patient, which should be
minimized from an infection prevention and control
perspective.'® Hence, a persistent challenge remained: how to
provide an accurate prediction of SARS-CoV-2 infection in
suspected patients with limited modalities of data.

Population Health Research Capsule

What do we already know about this issue?
Timely diagnosis of an emerging infectious
disease like COVID-19 is crucial for
treatment and prevention.

What was the research question?

Can machine learning models predict
COVID-19 based on features collected from
different emergency departments?

What was the major finding of the study?
Random forest achieved good performance
(AUC 0.785, 95% CI0.747-0.822) for
COVID-19 prediction.

How does this improve population health?
Machine learning can quickly predict
COVID-19 in diverse EDs, holding promise
for early diagnosis and control of emerging
infectious diseases.

By employing clinical features ascertained during initial
ED triage, we previously constructed ML models to create a
preliminary screening mechanism that would effectively
identify individuals with SARS-CoV-2 infection.'” Based on
the framework established in that earlier study, we sought
external validation of our proposed methodology in the
setting of an ED in a tertiary medical facility in Taiwan. Of
note, this ED consists of a distinctive population of patients
with dissimilar demographic characteristics (in contrast to
the cohort used for the original model development). Our
primary goal was to validate the feasibility of our approach,
to expedite the process of risk stratification pertinent to
emerging infectious diseases within the ED.
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METHODS
Study Design and Setting

We previously conducted a retrospective cohort study by
retrieving electronic health record (EHR) data of suspected
COVID-19 patients from February 23-May 12, 2020 at the
ED of Baylor Scott & White All Saints Medical Center
(BAS) in Fort Worth, TX, a 574-bed, university-affiliated
tertiary teaching hospital with ~50,000 ED visits annually. In
the current study, we retrospectively collected another set of
patient records from suspected adult COVID-19 cases from
12 May 12-June 15, 2021 at the ED of National Taiwan
University Hospital (NTUH), Taipei in Taiwan, a 2,400-bed
university-affiliated tertiary teaching hospital with a daily
census of ~8,000 outpatients and 300 emergency visits. This
study was approved by the Baylor Scott & White Research
Institute Insitutional Review Board (No.: 344143), and by
NTUH (No. 202009106RIPA), which waived the
requirement for informed consent.

Study Population

In the retrospective study that served as the model
development cohort, we identified all patients who presented
at the ED of the study hospital with suspected COVID-19
and underwent testing for SARS-CoV-2 through the reverse
transcription polymerase chain reaction (RT-PCR) method.
In the current study, we also retrospectively collected clinical
data for all adult (>18 years) patients who were tested for
SARS-CoV-2using RT-PCR for suspected COVID-19 as the
model’s external validation cohort. The decision to perform
RT-PCR tests was left to the discretion of the emergency
physician or physician assistant of each patient.

Data Collection and Outcome Measures

Patient demographics, past medical histories (PMH), vital
signs recorded at ED triage, and presenting symptoms were
retrieved from the EHR. The comprehensive process of data
collection was elaborated in our previous study.'” A positive
RT-PCR for SARS-CoV-2 confirms the diagnosis of
COVID-19 (or SARS-CoV-2 infection) and was defined as
the primary outcome in both cohorts. We used the model
development cohort as the training/validation set to
construct the ML models, and the external validation
cohort was used as the testing set to evaluate the
models’ performance.

Data were entered, processed, and analyzed with SPSS
Statistics for Windows version 27.0, (IBM Corp, Armonk,
NY). We performed the assessment of data normality using
the Shapiro-Wilk test for continuous variables. The results
were subsequently reported as either the mean with standard
deviation or the median with interquartile range. Categorical
variables were denoted as proportions or percentages. To
identify pertinent features, we used univariate analyses to
discern disparities in outcomes among distinct groups. These
analyses encompassed statistical methods such as the Student

t-test, chi-squared test, Fisher exact test, or Mann-Whitney
U test depending on the distribution. We subsequently
selected variables with P < 0.1 on the training/validation set
as the input features for the development of the ML models.
We used K-fold cross-validation to train the model by setting
k from 7 to 10, and the selection of k was based on the best
area under the receiver operating characteristic curve (AUC)
performance on the test set.

In our preceding study, we employed three distinct ML
algorithms—specifically, gradient boosting, random forest,
and extra trees classifiers—to construct prediction models for
forecasting SARS-CoV-2 infection.'” In the current study,
we validated this approach in another ED population,
wherein we replicated the predictive modeling methodology
through the employment of the identical ML algorithms used
in our prior research. These ML algorithms represent
sophisticated ensemble techniques that amalgamate multiple
individual models to enhance predictive accuracy and
robustness for classification tasks. To deal with the intricate
challenge posed by imbalanced data within our cohorts, we
applied the synthetic minority oversampling technique
(SMOTE), after technique to oversample the minority class,
augmenting it by a factor of 0.6 times relative to the
magnitude of the majority class. We undertook this measure
to establish a more balanced representation, so that the ratio
of COVID-19 positive to negative was 0.6 to 1.0 during the
training phase. Subsequently, we assessed the performance
metrics exhibited by the developed ML models used in the
testing set.

To evaluate the performance of the models we built, we
used different performance metrics, including the area under
the receiver operating characteristic curve (AUC), accuracy,
F1-score, precision (positive predictive value [PPV], recall
(sensitivity), specificity, negative predictive value (NPV), and
area under the precision-recall curve (AUPRC). We used the
DeLong test for AUC and Boyd test for AUPRC for pairwise
comparisons of the models’ performances. All ML analyses
were performed using Jupyter Notebook 6.0.3 (Project
Jupyter) with Python 3.8.3 installed and the package scikit-
learn 0.23.1 (Python Software Foundation).

RESULTS

The model development cohort (training/validation set)
consisted of 580 cases from patients who presented to BAS,
while the model validation cohort (testing set) comprised 946
cases from patients who presented to NTUH. Among them,
98 (16.9%) and 180 (19.0%), respectively, were diagnosed
with COVID-19. The characteristics of the study population
are shown in Table 1. The characteristics and univariate
analyses of variables (features) between patients with
COVID-19 are summarized in Table 2, for the training/
validation and testing sets, respectively.

We selected 26 features by setting the P-value threshold
of less than 0.1 from the model development
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Table 1. Characteristics of the study population.

Variables (features) Total (n=1,526) Training cohort (n = 580) Testing cohort (n = 946) P value

Demographics
Age (years), mean (SD) 52.6 (19.4) 53.7 (18.9) 51.9 (19.6) 0.09
Gender <0.001**

Male 670 (43.9) 213 (36.7) 457 (48.3)

Female 856 (56.1) 367 (63.3) 489 (51.7)
EMS transport 359 (23.5) 151 (26.0) 208 (22.0) <0.001**
Triage <0.001**

1 131 (8.6) 5(0.9) 126 (13.3)

2 315 (20.6) 149 (25.7) 166 (17.5)

3 865 (56.7) 416 (71.7) 449 (47.5)

4 140 (9.2) 9 (1.6) 131 (13.8)

5 75 (4.9) 1(0.2) 74 (7.8)
Temperature, mean (SD) 37.3(0.8) 37.2(0.7) 37.4 (0.9) <0.001**
Pulse rate, mean (SD) 96.6 (21.2) 92.8 (20.3) 99.0 (21.4) <0.001**
Respiratory rate, mean (SD) 19.9 (4.8) 18.8 (3.6) 20.5 (5.3) <0.001**
SBP, mean (SD) 132.6 (26.4) 137.9 (25.7) 129.3 (26.4) <0.001**
DBP, mean (SD) 79.4 (16.4) 80.2 (16.7) 78.9 (16.2) 0.12
SpO,, mean (SD) 96.7 (4.1) 97.4 (3.4) 96.3 (4.5) <0.001**
Oxygen therapy 199 (13.0) 70 (12.1) 129 (13.6) 0.5
Weight, mean (SD) 73.1 (23.7) 88.9 (26.1) 63.4 (15.6) <0.001**
Height, mean (SD) 1.7 (0.4) 1.7 (0.1) 1.7 (0.5) 0.16
BMI, mean (SD) 26.6 (7.8) 31.5(9.0) 23.5(4.9) <0.001**
Smoking history <0.001**

Yes 297 (19.5) 187 (32.2) 110 (11.6)

No 773 (50.7) 376 (64.8) 397 (42)

Unknown 456 (29.9) 17 (2.9) 439 (46.4)
Travel history 348 (22.8) 36 (6.2) 312 (33.0) <0.001**
Contact history 329 (21.6) 110 (19.0) 219 (23.2) <0.001**
Duration, days, mean (SD) 4.1 (6) 5.7 (7.7) 3.1 (4.5) <0.001**
AMS 123 (8.1) 30 (5.2) 93 (9.8) 0.001**
Seizures 15 (1.0) 4 (0.7) 11 (1.2) 0.36
Fever 673 (44.1) 266 (45.9) 407 (43.0) 0.42
Chills 130 (8.5) 84 (14.5) 46 (4.9) <0.001**
Myalgia 218 (14.3) 131 (22.6) 87 (9.2) <0.001**
Arthralgia 18 (1.2) 11 (1.9) 7 (0.7) 0.04**
Headache 199 (13.0) 116 (20.0) 83 (8.8) <0.001**
Facial pain 9 (0.6) 4 (0.7) 5(0.5) 0.69
Red eyes 6 (0.4) 5(0.9) 1(0.1) 0.02**
Otalgia 16 (1.0) 10 (1.7) 6 (0.6) 0.04**
Sore throat 332 (21.8) 81 (14.0) 251 (26.5) <0.001**
Rhinorrhea 172 (11.3) 26 (4.5) 146 (15.4) <0.001**
Stuffy nose 92 (6.0) 69 (11.9) 23 (2.4) <0.001**
Sneezing 12 (0.8) 8 (1.4) 4 (0.4) 0.04**

(Continued on next page)
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Table 1. Continued.

Variables (features) Total (n=1,526) Training cohort (n = 580) Testing cohort (n = 946) P value
Postnasal drip 7 (0.5) 5(0.9) 2(0.2) 0.07
Hypogeusia/ageusia 14 (0.9) 3 (0.5) 11 (1.2) 0.2
hyposmia/anosmia 14 (0.9) 6 (1.0) 8 (0.8) 0.71
Hoarseness 6 (0.4) 1(0.2) 5(0.5) 0.28
Dysphagia 23 (1.5) 6 (1.0) 17 (1.8) 0.24
Cough 715 (46.9) 362 (62.4) 353 (37.3) <0.001**
Sputum 197 (12.9) 47 (8.1) 150 (15.9) <0.001**
SOB 535 (35.1) 334 (57.6) 201 (21.2) <0.001**
Malaise 240 (15.7) 110 (19.0) 130 (13.7) 0.007**
Diarrhea 202 (13.2) 65 (11.2) 137 (14.5) 0.07
Vomiting 126 (8.3) 66 (11.4) 60 (6.3) <0.001**
Nausea 154 (10.1) 115 (19.8) 39 4.1) <0.001**
Anorexia 52 (3.4) 26 (4.5) 26 (2.7) 0.07
Abdominal pain 132 (8.7) 62 (10.7) 70 (7.4) 0.03**
Chest pain 190 (12.5) 120 (20.7) 70 (7.4) <0.001**
Hemoptysis 12 (0.8) 6 (1.0) 6 (0.6) 0.39
Skin lesion 9 (0.6) 5(0.9) 4 (0.4) 0.28
Skin itch 9 (0.6) 3(0.5) 6 (0.6) 0.77
Paresthesia 7 (0.5) 3 (0.5) 4 (0.4) 0.79
Back pain 51 (3.3) 38 (6.6) 13 (1.4) <0.001**
Neuropathy 1(0.1) 1(0.2) 0 (0.0) 0.2
Renal colic/flank pain 18 (1.2) 15 (2.6) 3(0.3) <0.001**
Cormorbidities (if any) 906 (59.4) 450 (77.6) 456 (48.2) <0.001**
Cormorbidities (>1) 646 (42.3) 355 (61.2) 291 (30.8) <0.001**
COPD 87 (5.7) 66 (11.4) 21 (2.2) <0.001**
Asthma 132 (8.7) 99 (17.1) 33 (3.5) <0.001**
DM 281 (18.4) 149 (25.7) 132 (14.0) <0.001**
HTN 497 (32.6) 276 (47.6) 221 (23.4) <0.001**
CAD 115 (7.5) 55 (9.5) 60 (6.3) 0.02**
CHF 81 (5.3) 52 (9.0) 29 (3.1) <0.001**
CVA 77 (5.0) 36 (6.2) 41 (4.3) 0.1
Hepatitis B 28 (1.8) 0 (0.0) 28 (3.0) <0.001**
Hepatitis C 15 (1.0) 11 (1.9) 4 (0.4) 0.005**
Cirrhosis 20 (1.3) 14 (2.4) 6 (0.6) 0.003**
Cancer 213 (14.0) 74 (12.8) 139 (14.7) 0.29
Current chemotherapy 56 (3.7) 11 (1.9) 45 (4.8) 0.004**
CKD 102 (6.7) 76 (13.1) 26 (2.7) <0.001**
ESRD 49 (3.2) 32 (5.5) 17 (1.8) <0.001**
History of solid organ transplant 24 (1.6) 18 (3.1) 6 (0.6) <0.001**
Immunodeficiency 132 (8.7) 5(0.9) 127 (13.4) <0.001**
HIV 11 (0.7) 4 (0.7) 7 (0.7) 0.91
Rheumatologic diseases 34 (2.2) 17 (2.9) 17 (1.8) 0.15
Dementia 24 (1.6) 11 (1.9) 13 (1.4) 0.43

(Continued on next page)
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Table 1. Continued.
Variables (features) Total (n=1,526) Training cohort (n = 580) Testing cohort (n = 946) P value

PUD 21 (1.4) 1(0.2) 20 (2.1) 0.002**
Gastroparesis 5(0.3) 4 (0.7) 1(0.1) 0.05
Migraine 19 (1.2) 17 (2.9) 2(0.2) <0.001**
Fibromyalgia 8 (0.5) 4 (0.7) 4 (0.4) 0.48
Chronic pain syndrome 31 (2.0) 24 (4.1) 7 (0.7) <0.001**
Alcohol use disorder 9 (0.6) 5(0.9) 4 (0.4) 0.28
Substance use disorder 27 (1.8) 24 (4.1) 3(0.3) <0.001**
Depression 70 (4.6) 55 (9.5) 15 (1.6) <0.001**
Psychiatric disease 73 (4.8) 52 (9.0) 21 (2.2) <0.001**
Pregnancy 21 (1.4) 19 (3.3) 2(0.2) <0.001**

EMS, emergency medical services; SBP, systolic blood pressure; DBP, diastolic blood pressure; SpO., oxygen saturation; BM/, body mass
index; AMS, altered mental status; SOB, shortness of breath; COPD, chronic obstruction pulmonary disease; DM, diabetes mellitus; HTN,
hypertension; CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebrovascular accident; CKD, chronic kidney disease;
ESRD, end stage renal disease; PUD, peptic ulcer disease.

Note: ** P < 0.05.

Table 2. Characteristics and univariate analyses of variables (features) between patients with or without COVID-19 on the training and

testing cohorts.

Training cohort (n =580)

Testing cohort (n =946)

COVID-19 (-) COVID-19 (+) COVID-19 (-) COVID-19 (+)
(n=482) (n=98) P value (n=766) (n=180) P value
Demographics
Age (y), mean (SD) 54.4 (18.9) 50.3 (18.7) 0.05* 50.3 (20.3) 58.9 (14.6) <0.001*
Gender 0.36 0.24
Female 309 (64.1) 58 (59.2) 403 (52.6) 86 (47.8)
Male 173 (35.9) 40 (40.8) 363 (47.4) 94 (52.2)
EMS transport 132 (27.4) 19 (19.4) 0.1 144 (18.8) 64 (35.6) <0.001*
Triage 0.43 0.07*
1 3(0.6) 2 (2.0) 98 (12.8) 28 (15.6)
2 129 (26.8) 20 (20.4) 139 (18.1) 27 (15.0)
3 342 (71.0) 74 (75.5) 352 (46.0) 97 (53.9)
4 7 (1.5) 2 (2.0) 116 (15.1) 15 (8.3)
5 1(0.2) 0 (0.0) 61 (8.0) 13(7.2)
Temperature, mean (SD) 37.2(0.7) 37.6 (0.7) <0.001* 37.3(0.8) 37.9 (0.9) <0.001*
Pulse rate, mean (SD) 92.5 (20.7) 94.1 (18.1) 0.46 98.9 (22.2) 99.4 (18.0) 0.77
Respiratory rate, mean (SD) 18.7 (3.4) 19.5 (4.4) 0.05* 20.3 (5.4) 21.5(4.9) 0.007*
SBP, mean (SD) 139.0 (26.2) 133.0 (22.2) 0.04* 128.9 (26.8) 130.7 (24.3) 0.42
DBP, mean (SD) 80.2 (17.2) 80.0 (13.7) 0.9 78.9 (16.7) 78.7 (14.1) 0.88
SpO,, mean (SD) 97.6 (3.1) 96.3 (4.3) <0.001* 96.6 (3.9) 94.9 (6.3) <0.001*
Oxygen therapy 59 (12.2) 11 (11.2) 0.78 90 (11.7) 39 (21.7) <0.001*
Weight, mean (SD) 87.6 (26.1) 95.0 (25.6) 0.01* 63.4 (16.3) 63.7 (12.5) 0.81
Height, mean (SD) 1.7 (0.1) 1.7 (0.1) 0.53 1.7 (0.6) 1.6 (0.1) 0.51
BMI, mean (SD) 31.1(9.1) 33.7 (8.4) 0.009* 23.4 (5.1) 23.8 (3.8) 0.3
(Continued on next page)
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Table 2. Continued.

Training cohort (n = 580) Testing cohort (n = 946)
COVID-19 (-) COVID-19 (+) COVID-19 (-) COVID-19 (+)
(n=482) (n=98) P value (n=766) (n=180) P value

Smoking history <0.001* <0.001*

Yes 169 (35.1) 18 (18.4) 80 (10.4) 30 (16.7)

No 305 (63.3) 71 (72.4) 276 (36) 121 (67.2)

Unknown 8(1.7) 9(9.2) 410 (53.5) 29 (16.1)
Travel history 23 (4.8) 13 (13.3) 0.001* 204 (26.6) 108 (60.0) <0.001*
Contact history 59 (12.2) 51 (52.0) <0.001* 112 (14.6) 107 (59.4) <0.001*
Duration, days, mean (SD) 5.9 (8.2) 5.1 (3.7) 0.35 2.9 (4.3) 3.7 (5) 0.04*
AMS 29 (6.0) 1(1.0) 0.04* 82 (10.7) 11 (6.1) 0.06*
Seizures 4 (0.8) 0 (0.0) 0.37 10 (1.3) 1(0.6) 0.4
Fever 197 (40.9) 69 (70.4) <0.001* 287 (37.5) 120 (66.7) <0.001*
Chills 72 (14.9) 12 (12.2) 0.49 36 (4.7) 10 (5.6) 0.63
Myalgia 98 (20.3) 33 (33.7) 0.004* 60 (7.8) 27 (15.0) 0.003*
Arthralgia 11 (2.3) 0 (0.0) 0.13 6 (0.8) 1(0.6) 0.75
Headache 94 (19.5) 22 (22.4) 0.51 72 (9.4) 11 (6.1) 0.16
Facial pain 4 (0.8) 0 (0.0) 0.37 5(0.7) 0 (0.0) 0.28
Red eyes 5(1.0) 0 (0.0) 0.31 0 (0.0) 1 (0.6) 0.04*
Otalgia 8 (1.7) 2 (2.0) 0.79 6 (0.8) 0 (0.0) 0.23
Sore throat 70 (14.5) 11 (11.2) 0.39 205 (26.8) 46 (25.6) 0.74
Rhinorrhea 19 (3.9) 7(7.1) 0.16 128 (16.7) 18 (10.0) 0.02*
Stuffy nose 55 (11.4) 14 (14.3) 0.42 21 (2.7) 2(1.1) 0.2
Sneezing 7 (1.5) 1(1.0) 0.74 4 (0.5) 0 (0.0) 0.33
Postnasal drip 4 (0.8) 1(1.0) 0.85 2 (0.3) 0 (0.0) 0.49
Hypogeusia/ageusia 0 (0.0) 3(3.1) <0.001* 6 (0.8) 5(2.8) 0.02*
hyposmia/anosmia 3 (0.6) 3(3.1) 0.03* 6 (0.8) 2(1.1) 0.67
Hoarseness 1(0.2) 0 (0.0) 0.65 3(0.4) 2(1.1) 0.23
Dysphagia 6(1.2) 0 (0.0) 0.27 16 (2.1) 1(0.6) 0.16
Cough 285 (59.1) 77 (78.6) <0.001* 248 (32.4) 105 (58.3) <0.001*
Sputum 35 (7.3) 12 (12.2) 0.1 114 (14.9) (20 0) 0.09*
SOB 277 (57.5) 57 (58.2) 0.9 141 (18.4) 0 (33.3) <0.001*
Malaise 90 (18.7) 20 (20.4) 0.69 98 (12.8) (17 8) 0.08*
Diarrhea 48 (10.0) 17 (17.3) 0.03* 114 (14.9) 3(12.8) 0.47
Vomiting 57 (11.8) 9(9.2) 0.45 57 (7.4) 3(1.7) 0.004*
Nausea 92 (19.1) 23 (23.5) 0.32 36 (4.7) 3(1.7) 0.07*
Anorexia 21 (4.4) 5(5.1) 0.75 19 (2.5) 7 (3.9) 0.3
Abdominal pain 54 (11.2) 8(8.2) 0.37 60 (7.8) 10 (5.6) 0.29
Chest pain 106 (22.0) 14 (14.3) 0.09* 55 (7.2) 15 (8.3) 0.59
Hemoptysis 4 (0.8) 2 (2.0) 0.28 4 (0.5) 2(1.1) 0.37
Skin lesion 5(1.0) 0 (0.0) 0.31 2(0.3) 2(1.1) 0.11
Skin itch 3(0.6) 0 (0.0) 0.43 6 (0.8) 0 (0.0) 0.23
Paresthesia 2(0.4) 1(1.0) 0.45 4 (0.5) 0 (0.0) 0.33
Back pain 33 (6.8) 5(5.1) 0.52 11 (1.4) 2(1.1) 0.74
Neuropathy 0 (0.0) 1(1.0) 0.03* 0 (0.0) 0 (0.0) NA

(Continued on next page)
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Table 2. Continued.
Training cohort (n = 580) Testing cohort (n = 946)
COVID-19 (-) COVID-19 (+) COVID-19 (-) COVID-19 (+)
(n=482) (n=98) P value (n=766) (n=180) P value

Renal colic/flank pain 12 (2.5) 3(3.1) 0.75 3(0.4) 0 (0.0) 0.4
Comorbidities (if any) 389 (80.7) (62 2) <0.001* 365 (47.7) (50 6) 0.48
Comorbidities (>1) 304 (63.1) 1 (52.0) 0.04* 245 (32.0) 6 (25.6) 0.09
COPD 63 (13.1) ( 1) 0.004* 18 (2.3) 3 (1 7) 0.58
Asthma 86 (17.8) 3(13.3) 0.27 29 (3.8) 4(2.2) 0.3
DM 125 (25.9) 4 (24.5) 0.77 101 (13.2) 31 (17.2) 0.16
HTN 236 (49.0) 0 (40.8) 0.14 170 (22.2) 51 (28.3) 0.08*
CAD 46 (9.5) 9(9.2) 0.91 51 (6.7) 9 (5.0) 0.41
CHF 45 (9.3) 7(7.1) 0.49 28 (3.7) 1 (0.6) 0.03*
CVA 35 (7.3) 1(1.0) 0.02¢ 35 (4.6) 6 (3.3) 0.46
Hepatitis B 0 (0.0) 0 (0.0) NA 23 (3.0) 5(2.8) 0.87
Hepatitis C 10 (2.1) 1(1.0) 0.49 4 (0.5) 0(0.0) 0.33
Cirrhosis 14 (2.9) 0 (0.0) 0.09* 6 (0.8) 0 (0.0) 0.23
Cancer 66 (13.7) 8(8.2) 0.13 123 (16.1) 16 (8.9) 0.01*
Current chemotherapy 9(1.9) 2 (2.0) 0.91 43 (5.6) 2(1.1) 0.01*
CKD 63 (13.1) 3(13.3) 0.96 25 (3.3) 1 (0.6) 0.05*
ESRD 29 (6.0) 3(3.1) 0.24 15 (2.0) 2(1.1) 0.44
History of solid organ transplant 17 (3.5) 1(1.0) 0.19 5(0.7) 1 (0.6) 0.88
Immunodeficiency 5(1.0) 0 (0.0) 0.31 112 (14.6) 15 (8.3) 0.03*
HIV 4 (0.8) 0 (0.0) 0.37 6 (0.8) 1(0.6) 0.75
Rheumatologic diseases 16 (3.3) 1(1.0) 0.22 14 (1.8) 3(1.7) 0.88
Dementia 8 (1.7) 3(3.1) 0.35 12 (1.6) 1 (0.6) 0.29
PUD 1(0.2) 0 (0.0) 0.65 15 (2.0) 5(2.8) 0.49
Gastroparesis 4 (0.8) 0(0.0) 0.37 1(0.1) 0 (0.0) 0.63
Migraine 15 (3.1) 2 (2.0) 0.57 2(0.3) 0 (0.0) 0.49
Fibromyalgia 4 (0.8) 0 (0.0) 0.37 2(0.3) 2(1.1) 0.11
Chronic pain syndrome 20 (4.1) 4 (4.1) 0.98 5(0.7) 2(1.1) 0.52
Alcohol use disorder 5(1.0) 0 (0.0) 0.31 3(0.4) 1 (0.6) 0.76
Substance use disorder 21 (4.4) 3(3.1) 0.56 3(0.4) 0 (0.0) 0.4
Depression 54 (11.2) 1(1.0) 0.002* 14 (1.8) 1 (0.6) 0.22
Psychiatric disease 47 (9.8) 5(5.1) 0.14 17 (2.2) 4 (2.2) 1
Pregnancy 14 (2.9) 5(5.1) 0.27 2 (0.3) 0 (0.0) 0.49

EMS, emergency medical services; SBP, systolic blood pressure; DBP, diastolic blood pressure; SpO,, oxygen saturation; BM/, body mass
index; AMS, altered mental status; SOB, shortness of breath; COPD, chronic obstruction pulmonary disease; DM, diabetes mellitus; HTN,
hypertension; CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebrovascular accident; CKD, chronic kidney disease;

ESRD, end stage renal disease; PUD, peptic ulcer disease.

Note: * P<0.1.

cohort, encompassing six demographics, four triage data,
10 clinical symptoms, and six PMHs. Employing k as 7
for K-fold cross-validation, the classification outcomes

for the three different ML models in the testing set
are presented in Table 3 and Figure 1. The detailed

performance metrics in terms of different k values on the

training/validation and testing sets are shown in
Supplementary Table 1.
Among the constructed ML models, random forest
demonstrated superior performance with the highest AUC
value (0.785, 95% CI 0.747-0.822), followed by gradient
boosting (0.774, 95% CI 0.739-0.811) and extra trees
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Table 3. Performance metrics of 7-fold cross validation for different machine learning algorithms on the testing set.

Models AUC (95% ClI) AUPRC (95% CI)  Accuracy F1  Sensitivity Specificity PPV NPV
Gradient boosting ~ 0.774 (0.739-0.811)  0.458 (0.381-0.534)  0.815  0.335 0.244 0.949 053  0.842
Random forest 0.785 (0.747-0.822)  0.497 (0.419-0.576)  0.827  0.427 0.339 0.941 0.575 0.858
Extra trees 0.72 (0.677-0.762)  0.42 (0.349-0.499) 0792  0.426 0.406 0.883 0.448 0.863

ClI, confidence interval; AUC, area under the receiver operating characteristic curve; AUPRC, area under the precision recall curve;
PPV, positive predictive value; NPV, negative predictive value.

classifier (0.720, 95% CI 0.677-0.762). By fine-tuning the 0.349-0.499). The differences between each ML model in
tradeoff between precision and recall for different thresholds terms of AUC and AUPRC are not significant.

to calculate the AUPRC, random forest (0.497. 95% CI In evaluating additional performance metrics, all our ML
0.419-0.576) outperformed gradient boosting (0.458,95% CI  models performed well in terms of accuracy, specificity, and
0.381-0.534) and extra trees classifier (0.420, 95% CI: NPV. Nevertheless, the performances of the F1 score,

sensitivity, and PPV are suboptimal. Feature importance
(presented as a heat map computed and ordered by median

(A) ROC Curve Analysis for the Testing Set normalized importance across all models) is shown in
1.0
Heatmap of Feature Importance 1.0
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©
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—— RF, AUC=0.785 (95% Cl:0.747-0.822) Contact Hx
0.0 —— ET, AUC=0.720 (95% CI:0.677-0.762) Smoking Hx
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Figure 1. Results of the machine learning models on the test cohort.  Figure 2. The heat map of computed features ordered by median
(A), Receiver operating characteristic (ROC) curves and the normalized importance across all models.
comparison of area under curve (AUC); (B), precision-recall curve  SBP, systolic blood pressure; BMI, body mass index; SPO,, oxygen
and the comparison of area under the precision-recall curve saturation; Hx, history; COPD, chronic obstructive pulmonary
(AUPRC) for three different machine learning models. disorder; CVA, cerebrovascular accident; AMS, altered mental state;
ET, extra trees; RF, random forest; GB, gradient boosting. ET, extra trees; RF, random forest; GB, gradient boosting.
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Figure 2. The 9 most important features were temperature,
systolic blood pressure, weight, body mass index, any
co-morbidities, age, oxygen saturation, respiratory rate, and
contact history.

DISCUSSION
The Main Findings of This Study

In our previous study, we constructed ML models
designed to predict COVID-19 based on the clinical features
documented during ED triage within a tertiary teaching
hospital in the US during the first wave of the COVID-19
pandemic.'” In the current study, our objective was to
validate this approach externally in another ED population
of a medical center located elsewhere in the world. By
collecting a cohort of 946 consecutive ED patients visiting
NTUH during the second wave of the COVID-19 pandemic
in Taiwan, we found that the random forest model emerged
as the best performer with acceptable discrimination
performance in terms of AUC and AUPRC. However, the
remaining two models also achieved close results without
significant differences, and all models performed well in
accuracy, specificity, and NPV. With only demographics,
vital signs at triage, clinical symptoms, contact history and
PMH collected at ED triage, this approach exemplifies the
feasibility of predicting COVID-19 at triage even before
patients go into the ED. The predictive results offer valuable
assistance to emergency physicians in identifying patients at
risk of the disease. This enables such patients to undergo
further examination, testing, isolation, and appropriate
treatment measures.

Comparison with Previous Studies

Since the inception of the disease, ML algorithms have
been extensively applied in fighting COVID-19.'® While
certain applications targeted COVID-19 diagnosis as the
primary outcome, others focused on morbidity and mortality
for patients with confirmed SARS-CoV-2 infection.'’ Some
investigations focused on the ED setting, while others
focused on the general population.'** Moreover, some
reports used chest radiographs or computed tomography of
the lung to exploit imaging characteristics to differentiate
pneumonia caused by SARS-CoV-2 from that with other
causes, 1> while others used routine blood test
results.”' !> Meanwhile, certain reports employed clinical
data—including patient demographics, symptoms, vital
signs, and PMH—as the input of prediction models similar to
our study design.”! Furthermore, there were studies that
combined multiple modalities from the above-mentioned
studies.”” Although the source and size of the studies reported
in the literature varied, our current study is the only one that
uses only the clinical features collected from ED triage and
provides promising external validation results.

In comparison to this study, our previous study yielded a
stronger result with an AUC of 0.86, whereas the best-

performing model in this study achieved only an AUC of
0.785. The decline in performance was anticipated since the
test dataset in the previous study came from the same
population as the training dataset, whereas in this study the
two datasets came from different populations with different
patient demographics. Additionally, certain features used in
our previous study that rely on the model development
cohort were not employed in this validation study due to
different healthcare systems and ethnicity distribution in
different populations. Nonetheless (with the exception of the
study by Zoabi et al), the models we built in the current study
showed competitive or even better performance in
comparison to other studies that relied on clinical features for
their models'®2* (Supplementary Table 2).

Feasibility for Clinical Application

This study achieved acceptable predictive performances
with metrics exceeding 0.7 in terms of AUC, specificity, and
NPV, making these ML models a suitable screening tool to
rule in patients in need of further attention. With the
information readily accessible from the EHR during ED
triage, our model may assist emergency clinicians to
segregate patients with a high likelihood of COVID-19
infection from those at lower risk. By doing so, the risk of
cross-infection may be minimized, and high-risk patients
may receive appropriate care promptly. If effectively
integrated into the system as an automated alert system
during the initial ED encounter, it could exert substantial
impact on clinical workflows while simultaneously reduce
disease transmission and cross-infection in the ED setting.
However, precision must be exercised to ensure the alerts
provided by the predictive model are pertinent and timely,
without disrupting the existing workflow.>

At present, a confirmed diagnosis of COVID-19 is made
by direct detection of SARS-CoV-2 RNA using RT-PCR
testing; however, it may take up to eight hours to obtain the
test result after the sample is delivered.”* Although several
rapid antigen tests (RAT) have been developed as screening
tools, their accuracy is strongly affected by the pretest
probability and is less effective in the asymptomatic
population.”” Moreover, many regions worldwide still lack
the capacity for RAT kits. As the COVID-19 pandemic
persists and new variants emerge, a reliable ML prediction
model could function as a rapid screening tool to quickly
differentiate the suspicious cases from other patients and
facilitate infection control even before patients enter the ED.
Additionally, this study also provides a proof of concept for
ML models capable of predicting an emerging infectious
disease of an unknown pathogen based on models built by
clinical features without the necessity of pathogen-specific
tests. When faced with an emerging novel infectious disease
in the future, this approach would be extremely valuable,
particularly in situations where a dedicated diagnostic tool
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has yet to be developed or encounters challenges related to
supply and demand.

LIMITATIONS

This study does come with limitations. First, a class
imbalance issue was evident. With only 16.9% and 19.0%
being diagnosed with COVID-19 in our development and
validation cohorts, the diagnostic performances in terms of
sensitivity and PPV were suboptimal. However, the
performance of AUPRC was acceptable given that the
positivity rate of COVID-19 in the testing cohort was only
19%. Second, the study was conducted before widespread
vaccination was available in the US (for the training/
validation dataset) and in Taiwan (for the test dataset).'” and
prior to the emergence and dominance of the Omicron
variant.”® The difference in symptoms could affect the
accuracy of the model when the models were trained with
cases of different variants of SARS-CoV-2.>” However, this
approach could be aptly adapted in the future as the model is
continuously trained and updated to reflect the new
attributes of variant pathogens. It is essential that further
prospective studies are undertaken to examine the feasibility
of this model being applied to future patients.

CONCLUSION

Our machine learning approach exhibited acceptable
discriminatory performance for screening patients with
suspected COVID-19, based on models built in a different
patient population characterized by temporal and spatial
heterogeneity, and relying solely on clinical features captured
during ED triage. This study offers a proof of concept,
suggesting the applicability of an ML approach in
diagnosing novel emerging infectious diseases within one
region by drawing on clinical features collected from another
region, especially in circumstances preceding the advent and
availability of a rapid diagnostic tool.
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In June 2023, the Supreme Court declared that there was no longer a right to abortion under the
federal constitution. This decision has allowed states to promulgate different restrictions on abortion,
many of which implicate the practice of emergency medicine. An abortion is defined as a “medical
intervention provided to individuals who need to end the medical condition of pregnancy” and includes
care such as termination of an ectopic pregnancy and induction of labor for previable preterm
premature rupture of membranes—interventions that emergency physicians either perform or rely

on the assistance of consultants to perform. State bans on abortion must be evaluated against duties
under the Emergency Medical Treatment and Labor Act, a federal law that preempts state law. In this
paper we examine the conflict between state and federal law as it applies to emergency

abortion care and describe how emergency physicians can continue caring for

DISCLAIMER

This paper does not constitute legal advice nor should it be
construed as such. Instead, this paper is for educational
purposes only and identifies for physicians key legal points to
consider when caring for patients with pregnancy
complications in a state with abortion restrictions as a
therapeutic option. Only an attorney licensed in the
state you are practicing can give you legal advice on
this matter.

PREGNANCY COMPLICATIONS AFTER DOBBS:
THE ROLE OF EMTALA

Emergency physicians are trained to take care of patients
with any complaint at any time of day. This core
responsibility includes taking care of pregnant patients.
However, what used to be routine medical care has devolved
into a rapidly shifting paradigm after a US Supreme Court
decision in June 2022 ended the federal constitutional
protection of the right to abortion. Since Dobbs v Jackson
Women's Health Organization, abortion restrictions have
proliferated across states. These state laws are being
interpreted in some instances as restricting the medical care
that can be provided to pregnant patients—signaling a steep
departure from the standard of care. However, despite

changing state abortion laws, the Emergency Medical
Treatment and Labor Act (EMTALA) still requires that
emergency physicians provide stabilizing treatment for
patients with emergency medical conditions. This federal law
preempts conflicting state laws; so even in the face of state
abortion restrictions, physicians need to be cognizant of their
duties under EMTALA to render stabilizing medical care,
which in some circumstances includes emergency

abortion care.

PREGNANCY COMPLICATIONS IN THE
EMERGENCY DEPARTMENT

Pregnancy complications are the fifth most common
reason women between ages 15-64 visit emergency
departments (ED) in the United States.' As many as 84% of
pregnant people visit an ED during pregnancy.” While some
emergency physicians have the benefit of an in-house
obstetrician (OB), many do not. In the last 13 years, 217 rural
hospitals have closed their labor and delivery units.’
This means that an increasing number of emergency
physicians are responsible for managing pregnancy
complications, including discharging and transferring
patients appropriately, without the support of an
in-house OB.
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THE LEGAL HISTORY OF THE RIGHT TO
ABORTION IN THE UNITED STATES

In 1973, the US Supreme Court recognized a federal
constitutional right to abortion in Roe v Wade.* In an earlier
case related to the right to birth control, the Supreme Court
found that people have a right to privacy in their intimate
relationships.” In Roe the Court found that this right to
privacy also included the right to abortion. This right was
affirmed in several subsequent decisions and was said to
extend to the point of fetal viability. Under the legal
framework that emerged over the course of 50 years, states
could pass restrictions on abortion such as waiting periods
and mandatory ultrasounds unless the restriction posed an
undue burden on abortion access, but patients ultimately still
had a right to obtain an abortion up until the point of fetal
viability. This meant that when pregnant patients presented
with emergency medical conditions prior to fetal viability,
physicians could offer abortions as part of emergency
medical care.

In 2018, Mississippi enacted a 15-week abortion ban.® On
its face, this law violated prior Supreme Court holdings, and
usually such a law would be struck down as unconstitutional.
However, the challenge to this law gave the Supreme Court
the opportunity to revisit its decision in Roe. In Dobbs v
Jackson Women’s Health Organization, an abortion clinic
in Mississippi challenged the state’s 15-week abortion ban
as unconstitutional. When this case made its way to the
Supreme Court, the Court had to decide whether its
prior decision related to abortion (Roe) should stand.

Stare decisis is the principal that courts will adhere to prior
decisions, also known as precedents.” In this instance, it
would mean that the Supreme Court would strike down the
Mississippi law because it had already decided that the US
Constitution protected the right to abortion up until the point
of viability, which is well beyond 15 weeks of gestation.
The Supreme Court has also held, however, that in very
extraordinary circumstances it will not apply stare decisis,
and instead it will overrule precedent. That is what happened
in Dobbs when the Court overturned Roe and held that the

Table. Examples of abortion bans.

right to privacy in the US Constitution does not protect the
right to abortion.

The Tenth Amendment to the US Constitution says that if
a power is not delegated to the federal government, then it is
generally reserved to the states. Since there is no longer a
right to abortion under the federal constitution, states have
been able to make their own laws pertaining to abortion.
Some states already had state constitutional protections for
the right to abortion at the time of Dobbs, and others have
since acted to protect the right to abortion, with three states
enshrining the right to abortion in state constitutions. More
commonly, though, Dobbs has led to state restrictions on
abortion, including abortion bans. Dobbs allowed previously
existing but not enforced bans to go into effect, while in other
instances state legislatures have passed new abortion bans.
There are currently 15 states with near-total bans (three of
which are not in effect pending litigation) and four states
with gestational bans that previously would have
been unconstitutional.®

Some abortion bans that have been enacted since Dobbs
are less restrictive than others. For example, some bans apply
to all gestational ages while others only apply to later
gestational ages. Some bans include an exception or
affirmative defense in cases where the health and life of a
pregnant person is in jeopardy, while others only include an
exception or affirmative defense for the life of a pregnant
person. Other exceptions may include rape, incest, or fetal
anomalies. Shown in the Table are abbreviated examples of
two state abortion bans and associated exceptions. State A
illustrates a less restrictive ban and State B illustrates a more
restrictive ban. These are excerpts and do not include the full
scope of the abortion bans, such as language related to aiding
and abetting in the provision of an abortion.

RELEVANCE OF ABORTION TO EMERGENCY
MEDICINE

The term “abortion” has a clinical meaning that is very
broad. However, the term has been stigmatized and so is
often underused. Frequently, physicians provide care that is

Examples of abortion bans

State A

(a) It shall be unlawful for any person to intentionally perform or attempt to perform an abortion except as provided for by

subsection (b).

(b) An abortion shall be permitted if an attending physician licensed in State A determines that an abortion is necessary in order to

prevent a serious health risk to the unborn child’s mother.
State B

(a) Every person who performs or attempts to perform an abortion as defined in this chapter commits the crime of criminal abortion.

(b) It shall be an affirmative defense to prosecution under ... this section...that:
(i) The physician determined, in his good faith medical judgment and based on the facts known to the physician at the time, that the
abortion was necessary to prevent the death of the pregnant woman.
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technically an abortion, but they do not characterize the care
as abortion care.’ It is unclear whether this failure to
accurately characterize care is deliberate, or because
physicians do not know that the care they are providing is an
abortion. This is problematic because physicians may not
understand that they are potentially providing care that is
banned under relevant state law. Additionally, patients also
understand the term abortion to mean very different
things, adding complexity to the dialogue between
physicians and patients when managing

pregnancy complications. '’

Abortion is defined by the American College of
Obstetricians and Gynecologists as “a medical intervention
provided to individuals who need to end the medical
condition of pregnancy.”'! State laws can be similarly broad.
For example, one state defines abortion as “the termination
of human pregnancy with an intention other than to produce
a live birth or remove a dead fetus.”'? Many states
specifically carve out procedures such as termination of an
ectopic pregnancy with language that includes in its
definition, for example, “an act is not an abortion if the act is
done with the intent to . . . remove an ectopic pregnancy.”'> It
isimportant that emergency physicians be aware of the broad
technical definition of abortion, so that they can be cognizant
of applicable laws.

Although not intuitive, these definitions includes
interventions such as providing methotrexate for an ectopic
pregnancy or induction of labor for previable preterm
premature rupture of membranes (PPROM).As
methotrexate terminates an ongoing pregnancy, this
constitutes an abortion.'* Similarly, management of
previable PPROM can include either a dilation and
evacuation (D&E) done in an operating room or an
induction of labor (induction abortion), both of which are
forms of abortion. In 2012, the American College of
Emergency Physicians issued a clinical policy related to early
pregnancy complications that included administration of
methotrexate in the ED for ectopic pregnancies.'> This
means that emergency physicians may find themselves
providing care that constitutes an abortion, or consulting
colleagues for care that constitutes an abortion.

This is particulary important for emergency physicians to
understand because there are instances in which a patient
may present to an ED with an ectopic or PPROM and not yet
be in extremis. In such a situation, an abortion ban with no
exception for the health of a mother may be interpreted as
banning an abortion for these patients, even though an
abortion is considered the standard of care. Patients are being
denied appropriate treatment and suffering as a result. A
Texas hospital has stopped offering emergency abortion care
for patients with previable pregnancy complications in
response to the state’s abortion ban, and the morbidity rate
for patients has gone from 33% to 57%."* This is not limited
to one state but is in fact happening across the country:

e In August 2022, a patient presented to hospitals in
Missouri and Kansas with PPROM at 17 weeks
gestation. She was denied emergency abortion care at
both hospitals and was sent home to watch for signs of
sepsis, hemorrhage, or active labor. She traveled across
state lines to obtain the abortion she needed.'® The
Department of Health and Human Services (HHS)
investigated two hospitals that did not provide abortion
care (D&E or induction of labor) that she needed, and
both hospitals were found to have violated EMTALA
for not providing the stabilizing care (abortion) that the
patient needed.'”'®:""

e In December 2022, two women went to two separate
Florida hospitals, both with previability PPROM. One
patient was discharged without the emergency abortion
she needed and delivered the fetus out of hospital the
following day. She required emergency surgery and was
subsequently admitted to the intensive care unit in
critical condition. The other patient was repeatedly
discharged with return precautions, including when she
was four centimeters (cm) dilated, and was ultimately
admitted for spontaneous delivery when she was in
active labor. Both patients required subsequent surgeries
that may limit their future fertility.”"

e In February 2023, a patient presented to a hospital in
Oklahoma and was diagnosed with a malignant molar
pregnancy that required an abortion. She was not
offered the abortion she needed but was told to wait in
the parking lot until she decompensated so that she
could receive life-saving care in a timely manner. She
traveled across state lines to obtain the abortion
she needed.”’

e In March 2023, five women sued the state of Texas for
their abortion ban in light of harms suffered from being
denied critical abortion care. Two of the women
suffered previable PPROM and were denied D&Es or
inductions of labor.?

These cases are not happening in isolation. There are over
50 reports from across the country of patients receiving
different iterations of sub-standard care because of state
abortion bans, including being inappropriately discharged
with PPROM only to return septic, or being discharged with
ectopic pregnancies implanted in C-section scars only to later
require a hysterectomy.”> Emergency physicians may be
liable for this care when they are the physician discharging
the patient, especially given requirements under EMTALA.

EMERGENCY MEDICAL TREATMENT AND
LABOR ACT

EMTALA is a federal law enacted in 1986 to ensure that
patients have access to emergency medical care regardless of
their ability to pay.”* EMTALA requires that any patient

who presents to an ED is offered a medical screening exam.*”
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The medical screening exam must be performed to determine
whether an emergency medical condition exists.”® An
emergency medical condition is defined under EMTALA as
“a condition manifesting itself by acute symptoms of
sufficient severity (including severe pain) such that the
absence of immediate medical attention could reasonably be
expected to result in placing the individual’s health (or the
health of an unborn child) in serious jeopardy, serious
impairment to bodily functions, or serious dysfunction of
bodily organs.”?” If an emergency medical condition is
present, then a physician must provide either stabilizing care
within the capacity of the hospital or risk-minimizing
medical treatment and an appropriate transfer to another
medical facility if such stabilizing care is not available.”® It is
important to note that the Supreme Court has previously
held that the motive behind a transfer does not matter when
determining whether a transfer of care is within the bounds of
EMTALA.”

If a physician, including an emergency physician or on-
call consultant, fails to provide required stabilizing care
under EMTALA, they can be personally liable for fines up to
$119,942 for each violation.>**! This is in addition to fines
levied on the hospital, as well as a personal civil action
patients may initiate against hospitals. If an on-call physician
is not available or refuses to provide the needed care, the
emergency physician can discharge their EMTALA duty by
arranging an appropriate transfer, although the on-call
physician will still be liable for violating EMTALA.
EMTALA is relevant to the care of pregnant patients
experiencing complications because it requires stabilizing
treatment and care, which in some cases is an abortion.

EMTALA AND STATE ABORTION BANS

Article VI, Clause 2 of the US Constitution establishes
what is known as the Supremacy Clause.>* The Supremacy
Clause of the Constitution means that where there are
conflicting federal and state laws, federal law controls. In
other words, federal laws generally preempt conflicting state
laws. In the instance of abortion bans, that means that
the requirement to provide stabilizing treatment under
EMTALA, including emergency abortion care, preempts
conflicting state laws such as abortion bans. In July 2022, the
HSS issued guidance to clarify that EMTALA requires
abortion care despite contrary state laws.*> Specifically,
the guidance states:

“If a physician believes that a pregnant patient presenting
at an emergency department is experiencing an emergency
medical condition as defined by EMTALA, and that
abortion is the stabilizing treatment necessary to resolve
that condition, the physician must provide that treatment.
When a state law prohibits abortion and does not include
an exception for the life of the pregnant person — or
draws the exception more narrowly than EMTALA’s

emergency medical condition definition — that state
law is preempted.”

Shortly after this guidance was issued, two federal courts
considered the relationship between EMTALA and state
abortion bans.** A federal court in Idaho found that
ETMALA preempted the state’s abortion ban, and enjoined
the state’s abortion ban insofar as it conflicted with
EMTALA, noting the role of the Supremacy Clause.””
Specifically, the state had a narrow exception that only
allowed abortions to be done to prevent death but did not
provide an exception to protect the health of the pregnant
person. The court found that this narrow exception conflicted
with the requirements of EMTALA to provide emergency
abortion care when the health or organ function of a patient
was threatened and as such was preempted. The court issued
an injunction against the state abortion ban.’® However, the
law was subsequently amended to exclude treatment of
ectopic and molar pregnancies from the ban, and the state
Supreme Court wrote in an opinion upholding the abortion
ban that the law did not apply to nonviable pregnancies.’’**
Subsequently, a panel of judges from the Ninth Circuit Court
of Appeals reversed the original circuit court decision
holding that the Idaho abortion ban as amended, and with
the state Supreme Court’s clarifying decision, did not conflict
with EMTALA.”

Most recently, the Ninth Circuit Court of Appeals issued
an order vacating the panel decision, and the case will be
reheard in front of the entire Court (en banc).*’ In a challenge
brought by the state of Texas, a federal court in Texas ruled
that the Texas abortion ban was not in conflict with
EMTALA and, therefore, the state law was not preempted.
Consequently, the HHS guidance regarding emergency
abortion care was enjoined in Texas and against members of
certain medical societies that joined that lawsuit. Both the
Idaho and Texas cases are on appeal.*' As states choose to
define medical emergencies differently, and have differing
thresholds that trigger exceptions to abortion bans, this
tension between state law and EMTALA will continue to be
an issue for practicing physicians.

MANAGING PREGNANCY COMPLICATIONS
AFTER DOBBS

Given the ongoing tension between state abortion bans
and EMTALA, it is essential for physicians to be aware of
any relevant laws in the geographic area they are practicing.
When providing emergency medical care for a pregnant
patient who needs an abortion, understanding that the term
abortion may include care physicians don’t routinely think of
as an abortion, the first thing to consider is whether the state
has an abortion ban and whether it applies to the gestational
age of the pregnancy in question. If a physician is practicing
in a state that does not have an abortion ban, then they can
provide whatever care is indicated. If a physician is practicing
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in a state that has an abortion ban and it applies to the
patient’s pregnancy based on gestational age, then the next
question to consider is whether any exceptions or affirmative
defenses apply. For example, if a patient who is seven weeks
pregnant presents with a tubal ectopic pregnancy, and the
state has a law banning abortion after 12 weeks, then the
abortion ban does not apply to the patient and the physician
can proceed normally. If there was a six-week abortion ban,
then the physician would need to consider whether any of the
exceptions apply.

To know if any exceptions to a state abortion ban apply to
a patient, a physician will need to be familiar with the
abortion laws in their state. Broadly, the two exceptions that
are relevant to emergency physicians are exceptions for
health and/or life of the pregnant person. Other exceptions
that may be relevant would include exceptions for specific
diagnoses such as ectopic pregnancy or PPROM. An
example of applying an exception for the life of a pregnant
person would be if a patient has a ruptured ectopic pregnancy
and is unstable. Even if the pregnancy still has cardiac
activity, that patient would meet an exception that
allows for abortion to protect the life of the pregnant person.
The above examples from State A and State B both
illustrate such exceptions (A) or affirmative
defenses (B).

The legality of management vis-a-vis state abortion bans
becomes more unclear when the patient is stable. For
example, if a patient has an early ectopic pregnancy that is
not ruptured, some may argue that giving methotrexate
(which will cause an abortion) would be permissible if there is
an exception for both the health and life of a pregnant person,
such as State A, but may not be permissible in a state with a
narrow exception only to protect the life of the pregnant
person, such as State B. In a state that only has a carve-out
for the life of the pregnant person, like State B, the
recommendation may be to discharge the patient until they
become unstable and meet the criteria for an exception to
protect the life of the pregnant person. However, state laws
should be read broadly to protect abortion care when
necessary to protect a pregnant person, and in any event
EMTALA requires emergency abortion care in any state—
even where the emergency medical provision in a state
abortion ban appears narrower than EMTALA’s definition
of emergency medical condition.

This is where understanding EMTALA becomes critical.
Even if a physician is practicing in a state with a narrow
exception that only permits abortion when needed to save the
life of a pregnant person, the physician is still obligated to
comply with EMTALA. Under EMTALA, treatment is
required if there is a threat to a patient’s health, bodily
functions, or the function of a bodily organ without
treatment. Given that EMTALA preempts conflicting state
abortion bans, that means that an abortion must be offered
to patients, if indicated, when there is a threat to a patient’s

health, bodily function, or the function of a bodily organ
even if such an abortion would be impermissible

under state law. Failure to provide emergency abortion
care in these situations would constitute an

EMTALA violation.

PREPARATION IS KEY

Standard of care does not change across state lines, but we
know that the care being offered to patients differs depending
on local law because of the proliferation of abortion bans
since Dobbs. Patients with pregnancy complications can
present critically ill or with a condition that could rapidly
deteriorate, such that immediate care us required. That is not
the best occasion to be navigating a state abortion ban for the
first time. Instead, preparation is critical. Emergency
physicians working in states with abortion bans should meet
with stakeholders including OB/GY N, whether in house or at
the local hospital where pregnant patients are referred,
hospital counsel, risk management and others to establish
clinical policies that address the management of patients with
emergent pregnancy complications. These clinical policies
should be mindful of hospital and clinician obligations under
EMTALA as well as state law.

Emergency physicians are compelled by EMTALA to
provide stabilizing treatment, to engage consultants as
needed to provide stabilizing treatment, and to transfer
patients when needed. In cases of pregnancy complications,
this often means consulting with in-house OB or transferring
a patient to a hospital that has OB services. In the case of
methotrexate therapy for ectopic pregnancies it can also
mean directly providing the care. Emergency physicians
must remember that if a consultant refuses to evaluate and
treat a patient, or refuses transfer, based on a state abortion
ban, then all parties involved may be violating EMTALA.
Instead, patients should receive standard-of-care treatment
including abortion care when indicated. Just as we would not
accept recommendations from a surgeon to discharge a
patient with an 8-cm, symptomatic aortic aneurysm and to
instruct the patient to return for definitive treatment
when the aorta is ruptured, emergency physicians should not
accept recommendations to discharge patients
with emergent pregnancy complications
without treatment.
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Introduction: We examined the impact of a geriatric consult program in the emergency department (ED)
and an ED observation geriatric care unit (GCU) setting on hospital admission rates for older ED patients.

Methods: We performed a retrospective case control study from June 1—August 31, 2019 (pre-program)
to September 24, 2019-January 31, 2020 (post-program). Post-program geriatric consults were readily
available in the ED and required in the GCU setting. Hospital admission rates (outcome) are reported for
patients who received a geriatric consult evaluation (intervention). We analyzed probability of
admission using a mixed-effects logistic regression model that included age, gender, recent ED visit,
Charlson Comorbidity Index, referral to ED observation, and geriatric consult evaluation as

predictor variables.

Results: A total of 9,663 geriatric ED encounters occurred, 4,042 pre-program and 5,621 post-program.
Overall, ED admission rates for geriatric patients were similar pre- and post-program (44.8% vs 43.9%,
P =0.39). Of 243 geriatric consults, 149 (61.3%) occurred in the GCU. Overall admission rates post-
program for patients receiving geriatric intervention were significantly lower compared to pre-program
(23.4% vs 44.9%, P < 0.001). Post-program GCU hospital admission rates were significantly lower than
pre-program ED observation unit admission rates (14/149, 9.4%, vs 111/477,23.3%, P < 0.001). In the
logistic regression model, admissions post-program were lower when a geriatric consult evaluation
occurred (odds ratio [OR] 0.58, 95% confidence interval [Cl] 0.41-0.83). Hospital admissions for older
ED observation patients were also significantly decreased when a geriatric consult was obtained (GCU
vs pre-program ED observation unit; OR 0.27, 95% CI 0.14—0.50).

Conclusion: Geriatric consult evaluations were associated with significantly lower rates of hospital
admission and persisted when controlled for age, gender, comorbidities, and ED observation unit
placement. This model may allow healthcare systems to decrease potentially avoidable hospital
admission rates in older ED patients. [West J Emerg Med. 2024;25(1)86—93.]
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Impact of Geriatric Consult Evaluations on Hospital Admission Rates

INTRODUCTION
Background

Older adults have some of the highest rates of emergency
department (ED) use in the United States.' * Traditional ED
models of care, however, are not ideally suited for the
complex clinical presentation and healthcare needs of
older adults.””’

Importance

Older ED patients have higher admission rates than other
age cohorts.'** Hospitalizations in this group have significant
adverse health outcomes including iatrogenic complications,
delirium, functional decline, and loss of independenoe.g’lo
Hospitalizations also result in significant healthcare costs
and inconsistent quality of care.” While several studies have
evaluated subsequent ED use, subsequent hospitalizations
and healthcare utilization following an index ED visit that
included a geriatric-trained nurse or advanced practice nurse
geriatric assessment,'''* few have evaluated the effect of a
geriatric assessment program provided by an on-site,
ED-imbedded geriatrician on admission rates during an
index ED visit.

Goals of Investigation

Our objective in this study was to measure the impact of a
geriatric consult program occurring in the ED setting or
within an ED-based observation unit on hospital admission
rates in older ED patients.

METHODS
Study Design, Setting, and Selection of Participants

This was a retrospective case control study conducted
from June 1-August 31, 2019 (pre-program) and September
24,2019-January 31, 2020 (post-program) that examined the
impact of a geriatric consultation program in the ED and ED
observation setting on admission rates for older patients. The
setting was an academic medical center with approximately
1,400 medical inpatient beds. The ED had 58 acute care beds
and approximately 67,000 total annual visits, with 24%
geriatric (age >65 years) encounters and a longstanding,
ED-based observation unit (clinical decision unit [CDU]).
The CDU was a short-stay (23 hours), 20-bed observation
unit within the ED footprint, designed for additional
condition-specific treatment or additional evaluation to
determine the need for hospital admission. Clinical staffing
of this unit consisted of acute care advanced practice nurses
(APN) and unit-dedicated nurses. Emergency department
pharmacists were available 24 hours per day, and case
management roles were staffed for 14 hours (8§ aM—10 pm) per
day. Well-established CDU guidelines for short-stay ED
observation patient selection were used throughout the
study period.

A geriatric ED program was implemented with an
imbedded geriatric consultant in the ED and ED-based

Population Health Research Capsule

What do we already know about this issue?
Older ED patients have higher admission
rates than other age cohorts.

What was the research question?

Can an ED-based geriatrician assessment
program impact admission rates in older ED
and ED observation unit patients?

What was the major finding of the study?
Admission rates were lower for patients
receiving a comprehensive geriatric
assessment (23.4% vs. 44.9% ). Geriatric
assessment had the largest impact on ED
observation patient admissions (9.4% v
23.3%,; OR 0.27, 95% CI 0.14-0.50).
Controlling for observation status, the odds of
admission remained significantly decreased
when a geriatric consult evaluation occurred
(OR 0.58, 95% CI 0.4-0.83).

How does this improve population health?
An ED-based geriatric assessment program
may allow healthcare systems to decrease
potentially avoidable hospital admission rates
in older ED patients.

observation unit (post-program) and became the basis for a
subsequent geriatric ED accreditation application. As part of
the geriatric ED program development, five CDU beds were
designated as a geriatric care unit (GCU), although census
could vary and was not limited by bed availability. Geriatric
consult coverage was provided by the same geriatric
physician four days per week and a single geriatric-trained
APN one day per week. Geriatric consults were made
available in the ED and required for all patients placed in the
GCU. The geriatric consult typically included screening
for dementia, depression, mobility, assessment of multi-
morbidity and social support, and medication review. Case
managers in the ED assisted with additional patient service
needs such as mobility devices, home physical therapy, and
home health services. Geriatric coverage was provided on
weekdays from 9 amM—5 pm. Patients placed in the GCU off-
hours were seen the following day, except on weekends.

As part of the geriatric ED program, emergency physician
and advanced practice practitioner (physician assistants and
APNs) education was provided that focused on the eight
domains of geriatric care competencies model.'> In addition,
geriatric patient screening and nursing-driven delirium
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screening were implemented. Although a number of geriatric
ED screening instruments exist,'®!” the performance of such
instruments lacks sensitivity and specificity for predicting
subsequent healthcare services.'®'” In addition, it can be
difficult to implement these instruments in a high-acuity and
high-volume ED setting. For this reason, a modified Delphi
approach (which included content experts in geriatrics,
geriatric emergency medicine, case management, and
pharmacy) was used to select electronic health record (EHR)
screening criteria to identify high-risk elders.””

Characteristics chosen included age >80 years, positive
delirium screen, fall presentation or history of falls on
triage screening, dementia diagnosis noted in the EHR,
polypharmacy (defined as greater than 10 medications), and
more than five ED visits within the preceding year. Delirium
screening consisted of a two-step process for patients aged
65-79 years. In this group, patients or family members/
caregivers were asked whether there was concern for
confusion, delirium, or a change in mental status; positive
responses resulted in formal screening using the 4AT
delirium screen.”’ In patients >80 years, this first-step screen
was omitted, and patients in this age group were screened
with the 4AT instrument.

To help notify emergency physicians of the geriatric
screening results, an EHR-automated best practice alert
alerted the physician to high-risk status upon entering the
EHR. A positive delirium screen also resulted in an EHR
banner informing physicians that the delirium screen was
positive. An ED geriatric consult order populated a patient
list for geriatric physician and APN use. Consultation and
disposition decisions were at the discretion of the ED
attending physician and based on their determination of the
need for acute medical interventions that clearly required
hospitalization, the need for further evaluation in the CDU
because of patient complexity or additional investigation
regarding safe disposition, or simple discharge. In the GCU/
CDU setting, disposition decisions were made by the CDU
APNSs based on observation evaluation, test results, and
consultations. This process was unchanged from prior
practice and the pre-program period.

This study was institutional review board exempt.

Interventions

Geriatric consult evaluations, the intervention, used a
standard comprehensive geriatric assessment with attention
to medications, fall risk, depression, cognitive status,
functional status, and social support, in addition to current
and chronic medical issues. Geriatric consult evaluations
were available in the ED at the discretion of the attending
physician and required for all patients placed in the GCU.
Geriatric patients placed in the ED observation unit who did
not receive a geriatric consult evaluation were treated as
routine CDU patients. We included all completed geriatric
consult evaluations occurring in the ED and GCU in the

intervention cohort. We used geriatric consult notes for
confirmation of a completed consult.

Measurement and Qutcomes

We included all geriatric ED visits for the pre- and post-
program periods. Return visits by ED patients were
considered a unique ED encounter with a subsequent
disposition. Demographics (age, gender), frequency of prior
ED visits within the preceding six months, Charlson
Comorbidity Index (CCI),**** and ED unit observation
placement were recorded.

Hospital admission rates (the outcome) are reported for
both pre- and post-program patient cohorts and for patients
who had a geriatric consult evaluation (intervention). We
developed a logistic regression model to control for patient
variables (including placement in the ED observation unit)
and evaluate the effect of geriatric consult evaluation on
admission rates. Data was abstracted from the EHR (Epic
Systems Corporation, Verona, WI).

Data Analysis

We summarized continuous measures with mean
(+/— SD) or median [Q1, Q3] depending on skewness, and
categorical variables were summarized with frequency
(percentage). We analyzed the differences between pre- and
post-intervention encounters with Kruskal Wallis tests for
continuous variables and Pearson chi-square test for
categorical variables. P-values less than 0.05 were considered
significant. Odds of admission modeling was analyzed using
a mixed-effects logistic regression model. Age at encounter,
gender, recent visit, CCI, referral to ED observation, and
geriatric evaluation were all included as predictor variables
with hospital admission as the outcome. Odds ratios and 95%
confidence intervals are reported. Analysis was done in SAS
studio v9.4 (SAS Institute, Inc, Cary, NC).

RESULTS

There were 9,663 unique geriatric ED encounters, with
4,042 occurring pre-program and 5,621 occurring post-
program. The overall median age was 73.0 years (68.0, 80.0)
and 52.6% were female. Of these patients, 63% were Black
and 35% White. Patient demographics and clinical
characteristics are shown in Table 1. Emergency Severity
Index (ESI) triage levels were similar between cohorts, with
the exception of ESI-1. Eighteen (0.45%) patients received a
geriatric consult evaluation in the pre-program cohort
compared to 243 (4.3%) in the post-program period
(P <0.001). Out of 243 post-program interventions, 149
(61.3%) occurred in the GCU.

Overall, ED geriatric patient admission rates were similar
pre- and post-program (44.8% vs 43.9%, respectively;
P =0.39). Case mix index was similar in both groups for
those patients whose ED encounter resulted in admission (1.3
[0.91, 1.9] pre-program vs 1.2 [0.88, 1.8] post-program,
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Table 1. Patient demographics and clinical characteristics.

Total Pre-Program Post-Program
Factor (N=9,663) (N =4,042) (N=5,621) P-value

Patient age at ED encounter 73.0[68.0,80.0] 73.0[68.0,80.0]  73.0[68.0,80.0] 0.01°
ED patient gender 0.04°

Female 5,079(52.6) 2,075(51.3) 3,004(53.4)

Male 4,584(47.4) 1,967(48.7) 2,617(46.6)
ESl triage level* <0.001°

ESI-1 84(0.87) 20(0.50) 64(1.1)

ESI-2 1,128(11.7) 456(11.3) 672(12.0)

ESI-3H 5,993(62.1) 2,496(61.8) 3,497(62.3)

ESI-3L 1,957(20.3) 843(20.9) 1,114(19.8)

ESI-4 444(4.6) 209(5.2) 235(4.2)

ESI-5 46(0.48) 12(0.30) 34(0.61)
Seen by geriatrician (Intervention) 261(2.7) 18(0.45) 243(4.3) <0.001°
ED encounter within prior 6 months? 4,767(49.3) 1,975(48.9) 2,792(49.7) 0.43°
Number of ED encounters in the previous 6 months 0.00[0.00,2.0] 0.00[0.00,2.0] 0.00[0.00,2.0] 0.62°
ED encounter associated with 10+ medications? 7,067(73.1) 2,966(73.4) 4,101(73.0) 0.65°
Charlson Comorbidity Index, mean +SD 423 +3.75 416 + 3.65 4.29 +3.82 0.09°?
Medications at time of ED encounter (via Epic)* 15.0[10.0,21.0] 15.0[10.0,20.0] 15.0[10.0,21.0] 0.19°
Referred to CDU (Observation) within ED? 1,143(11.8) 493(12.2) 650(11.6) 0.34°
ED encounter resulted in admission? 4,278(44.3) 1,810(44.8) 2,468(43.9) 0.39°¢
Length of stay (minutes) in ED, not including time in CDU 304.0 306.0 303.0 0.75°
(observation) [218.0,407.0] [218.0,408.0] [218.0,406.0]

*Data not available for all subjects. Missing values: ESI triage level = 11 (Note: ESI 3H and 3L are internal triage classifications based on use
of a fast-track ED model). Medications at time of ED encounter (via Epic) = 121; Statistics presented as mean + SD, median [P25, P75],
N (column %). -values: a= ANOVA, b=Kruskal-Wallis test, c = Pearson chi-square test.

ED, emergency department; ES/, Emergency Severity Index; CDU, clinical decision unit.

P =0.48). In the post-program cohort, the overall admission
rate for both ED and ED observation patients who received a
geriatric consult evaluation was lower compared to those
patients who did not receive one (23.4% vs 44.9%, P < 0.001).
We also examined the impact of geriatric consult evaluations
on ED observation patients by comparing GCU admission
rates with pre-program ED observation unit (CDU)
admission rates. Admission rates from the GCU were
significantly lower than pre-program admissions from the
CDU (14/149, 9.4% v 111/477, 23.3% respectively,
P <0.001). As a comparison, admission rates from the CDU
in non-geriatric patients was 22.3% pre-program and 23.5%
post-program (174/765 vs 226/958, respectively; P =0.74).
The mixed-effects logistic regression model results are
shown in Table 2. Odds of hospital admission for ED
observation patients were significantly decreased when a
geriatric consult evaluation occurred (GCU vs pre-program
CDU, OR 0.27, 95% CI 0.14, 0.50, P < 0.001). Other
predictors associated with admission included age, which
had a surprisingly modest but negative effect, male gender,

and comorbidity burden (increasing CCI score). Visits to the
ED in the prior six months were not a predictor of admission.
To assess the impact of the geriatric ED program
development and account for possible emergency medicine
practice and ED process changes, we examined admissions
for the post-program period using the same mixed-effects
logistic regression model (Table 3). Controlling for all
variables, including ED observation status, the odds of
hospital admission were significantly lower when a geriatric
consult evaluation occurred (OR 0.58, 95% CI 0.40-0.83,
P =0.003). To further assess the effect of the geriatric ED
implementation, we also looked at overall admission rates
for ED observation patients. Pre-program ED observation
(CDU) patients had a 69% higher odds of admission
compared to all ED observation (both CDU patients who
did not receive a geriatric evaluation and GCU patients)
post-program patients (OR 1.686, 95% CI 1.26-2.34,
P =0.002).

Summed ED plus observation unit time length of stay
(LOS) was higher in the GCU group vs the CDU group by
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Table 2. Variables impacting hospital admission: logistic mixed-effects model results.

Factor Estimate 95% Confidence Interval P-value
Age at Encounter 0.979 (0.97,0.988) <0.001
Gender (Male vs Female) 1.333 (1.170,1.518) <0.001
Visit in prior 6 months? (No vs Yes) 0.995 (0.894,1.133) 0.94
CcCl 1.461 (1.392,1.533) <0.001
Seen by geriatrician, GCU (vs pre-CDU) 0.266 (0.142,0.500) <0.001
Not referred to ED observation, post (vs pre) 0.756 (0.485,1.178) 0.22
CCl, Charlson Comorbidity Index; GCU, geriatric care unit; CDU, clinical decision unit; ED, emergency department.
Table 3. Variables impacting hospital admission: logistic mixed-effects model results (post-program patients only).
Factor Estimate 95% Confidence Interval P-value
Age at encounter 0.979 (0.97, 0.987) <0.001
Gender (male vs female) 1.248 (1.113, 1.400) <0.001
Visit in prior 6 months? (No vs Yes) 1.036 (0.925, 1.161) 0.54
CCl 1.513 (1.449, 1.580) <0.001
Not Referred to ED observation 4.328 (3.413, 5.490) <0.001
Seen by geriatrician (Intervention) (vs not seen by geriatrician) 0.579 (0.405, 0.828) 0.003

CCl, Charlson Comorbidity Index; ED, emergency department.

149 minutes (1,369.0 minutes [117.0-1587.0] vs 1220.0
minutes [936.0-1459.0], P < 0.001).

DISCUSSION

In this retrospective case control study, we demonstrated
an associated decrease in hospital admission rates for older
ED and ED observation patients who received a geriatric
consult evaluation. This effect persisted when we controlled
for age, gender, recent ED visits, CCI, and referral to an
ED-based observation unit. The overall effect was a 42%
reduction in odds of admission. For ED observation patients,
the impact of the geriatric evaluation was even more
significant with a 73% reduction in the odds of admission.
Our results add to previous studies that have examined
geriatric interventions and the impact on index ED visit
hospital admission. Prior studies have shown a mixed-effect
of ED geriatric intervention, with either decreased,'>'+>*
unchanged®**° or even increased subsequent healthcare
utilization.” These discordant results likely reflect patient
heterogeneity, availability of follow-up and community
resources, and individual emergency physician practice
and ED site-specific processes.

Hwang et al. examined the effect of an ED-based
transitional care nurse (TCN) on inpatient admission during
the index ED visit at three sites that used the Geriatric
Emergency Department Innovations in Care through
Workforce, Informatics, and Structural Enhancements
(GEDI WISE) model of care. The GEDI WISE TCN
intervention focused on facilitating transitions of care and

avoiding inpatient admissions when possible. Admission
reduction varied between 4.7-16.5%.”® Another GEDI
model reported 13% fewer admission following a GEDI
Nurse Liaison assessment. An increased ED length of stay
(LOS) and possibility of selection bias (ESI triage scores were
used to compare cohorts) were noted by the authors.”’
Similar findings were noted in a pragmatic trial using the
GEDI model. An increased likelihood of discharge (hazard
ratio 1.19) and, conversely, a reduced ED LOS following
GEDI team evaluation were noted.’” A planned subgroup
analysis of this study examining ED discharge for patients of
residential aged care facilities showed similar results.’

A non-randomized prospective study using a geriatric
allied health services care coordination team found a much
more modest 2.4% absolute reduction in admissions in the
intervention group, which was limited to a small number of
common presenting problems, such as musculoskeletal
conditions.* Keyes et al also examined admission rates
following the opening of a geriatric ED and found a modest
3% reduction (47% pre-senior ED and 44% after).*® This
model included ED staff education and training and a case
management approach but did not use geriatricians. Our
geriatric ED program differs from these models because of an
imbedded geriatric physician and APN. This integrated
geriatric consultation intervention was thus available on-site
and in real time during the ED and ED observation
unit evaluation.

An important consideration, with both our program and
others, is careful patient selection, with a focus on targeted
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evaluation of older patients who do not obviously require
hospital admission on initial ED evaluation. The concept of
“high complexity, low acuity” is useful to describe this
patient population. It seems likely that geriatric screening
tools, combined with geriatric assessments and well-
developed transitions of care programs, would have the
greatest impact on potentially avoidable hospitalization rates
in older patients.”**> A comprehensive geriatric assessment
is designed to evaluate and address functional status,
cognitive status, polypharmacy, falls assessment, social
support, and other geriatric issues that are difficult to assess
in the usual ED setting. Faced with these time-consuming,
complex patients, emergency physicians often err on the side
of admission.

Addressing these concerns with a comprehensive geriatric
assessment and using safe transitions of care can potentially
reduce hospital admissions for this high-complexity,
vulnerable population. We believe our results are due to this
direct geriatric physician/APN assessment, coupled with an
existing transitions of care program and appropriate patient
selection. This is supported by our data which showed a
larger impact of geriatric intervention in our older ED-based
observation (GCU) patients.

The advantages of an observation-based geriatric ED
model are numerous, including use of existing ED space and
staffing, easier use of defined geriatric protocols, decreased
impact on ED throughput, and additional professional
billing for both emergency physicians and geriatric
consultants. °*° Our summed ED-observation unit LOS was
higher in the GCU cohort, but the difference of 149 minutes,
in our view, had no appreciable impact on operations of the
ED observation unit. Neither was there significant ED
operational or throughput impact since the observation unit
is not used as additional ED clinical space.

Interestingly, our older post-program CDU observation
patients who did not receive a geriatric evaluation (non-
GCU) also had a lower admit rate; so it appears that our
geriatric ED program had a positive overall effect on
admission rates. Our institution does have a transitions of
care program initially developed for accountable care
organization (ACO) patients, which uses ED case
management staff.’’ As this program has evolved, it has
become increasingly payer-agnostic and has been applied to
a broader number of insured patients. It is likely that as
experience with the geriatric ED program developed, this
existing transition of care pathway was used for non-ACO
geriatric patients. In addition, additional education and
experience around geriatric syndromes and domains likely
increased the comfort level of APNs and physicians and
allowed for discharge home with additional follow-up and
services, thereby avoiding potential admissions.

In this analysis, we did not analyze the impact of geriatric
intervention on subsequent ED visits or subsequent
hospitalization following the index ED visit. Further

evaluation is planned to determine whether this geriatric
intervention also has an impact on subsequent ED visits or
hospitalization and whether this geriatric ED program
affected patient experience.

From a financial policy perspective, avoiding potentially
avoidable hospitalizations can have important consequences
for patients, insurers, and healthcare systems. This is
especially relevant for value-based contracts and ACOs. We
believe our compelling results can be attributed to our model,
which included real-time geriatric consultation. However, we
recognize that staffing model costs and cost effectiveness are
important considerations when adopting a geriatric model of
care.*® As noted, other geriatric ED care models assess
mobility and functional status, cognition, depression, and
other geriatric syndromes using nursing or case management
personnel and standardized screening tools. Future studies
should compare the cost effectiveness of different geriatric
ED models of care, examine healthcare outcomes and
additional healthcare utilization, and measure financial
impact from a healthcare system perspective.

LIMITATIONS

Limitations of this study include the single-site, academic
medical center setting and patient selection bias for geriatric
consults and GCU placement. Geriatric consults were not
available on weekends and off-hours weekdays. The high-
risk criteria were automated and EHR-driven and remained
consistent during the post-program period; however, we did
not perform independent verification of our selected
high-risk criteria. In addition, delirium screening was not
always completed. Neither did we compare ED clinical
impressions or CDU admitting diagnosis for the pre- and
post-program cohorts.

To help address selection bias and cohort differences, our
logistic regression model controlled for age, gender, patient
comorbidities, recent ED visits, and ED observation
placement, in addition to geriatric intervention. We did not
include other potentially important demographic variables
such as race, education, or income level. We did examine
admission rates for the similar populations of geriatric ED
observation patients (GCU vs pre-program CDU patients)
to help quantify the impact of the geriatric intervention on
patients who did not initially require hospital admission. The
effect of the intervention is also supported by the stable CDU
hospital admission rates in non-geriatric CDU patients
during the study periods. Even with these efforts, some
selection bias in obtaining geriatric consult evaluations or
placement in the ED-observation unit is likely present which
may limit the magnitude of our results.

Emergency medicine practice or process changes between
pre- and post-program also may account for some
differences. Although our ED has a previously developed
transitions of care program, case management staffing and
transitions of care processes were unchanged during the
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pre- and post-program periods. In addition, pre- and post-
programs occurred at different times in the year and could
reflect seasonal variability in illness patterns and subsequent
admission rates.

Of note, the overall ED geriatric admission rates were
similar pre- and post-program. This may reflect the small
percentage of patients (4.3%) who received a geriatric
consultation post-program intervention. While this is
significantly greater than pre-program, it represents an
opportunity to increase the scope and scale of the program in
the future. Increasing the number of older patients who
receive and benefit from the intervention would likely impact
overall ED geriatric admission rates. Last, this program was
part of a Geriatric ED accreditation application and used
hospital resources (program managers, analytics) and
philanthropic support, which could limit replication
and generalizability.

CONCLUSION

Implementation of this novel geriatric consultation
program in the ED and an ED-based observation unit was
associated with significantly decreased odds of hospital
admission in high-risk, lower-acuity older patients. Use of an
ED or ED observation unit-based geriatric physician or
advanced practice nurse consult program may allow
healthcare systems to decrease potentially avoidable hospital
admissions from the ED in older adults.
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Introduction: We conducted this systematic review to identify emergency department (ED) relevant
recommendations in current guidelines for care of transgender and gender-diverse (TGD)
people internationally.

Methods: Using PRISMA criteria, we did a systematic search of Ovid Medline, EMBASE, and CINAHL
and a hand search of gray literature for clinical practice guidelines (CPG) or best practice statements
(BPS) published until June 31, 2021. Articles were included if they were in English, included medical or
paramedical care of TGD populations of any age, in any setting, region or nation, and were national or
international in scope.

Exclusion criteria included primary research studies, review articles, narrative reviews or otherwise
non-CPG or BPS, editorials, or letters to the editor, articles of regional or individual hospital scope, non-
medical articles, articles not in English, or if a more recent version of the guideline existed.
Recommendations relevant to ED care were identified, recorded, and assessed for quality using the
AGREE-Il and AGREE-REX criteria. We performed interclass correlation coefficient for interrater
reliability. Recommendations were coded for the relevant point of care while in the ED (triage,
registration, rooming, investigations, etc.).

Results: We screened 1,658 unique articles, and 1,555 were excluded. Of the remaining 103 articles
included, seven had recommendations relevant to care in the ED, comprising a total of 10
recommendations. Four guidelines and eight recommendations were of high quality. They included
recommendations for testing, prevention, referral, and provision of post-exposure prophylaxis for HIV,
and culturally competent care of TGD people.

Conclusions: This is the most comprehensive review to date of guidelines and best practices
statements offering recommendations for care of ED TGD patients, and several are immediately
actionable. There are also many opportunities to build community-led research programs to synthesize
and inform a comprehensive dedicated guideline for care of TGD people in emergency settings. [West J
Emerg Med. 2024;25(1)94—100.]
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INTRODUCTION

Transgender and gender-diverse (TGD) patients comprise
0.3-0.6% of the North American population and may
represent up to 1.2-4.1% of the adolescent population.'”
Care of this population presents unique challenges in many
practice settings, including emergency departments (ED).*
While ED avoidance has been high among TGD people due
to systemic discrimination,™® ED use has also been found to
be higher because of a lack of access to TGD-competent
health services in primary and specialist care.” As a result of
these barriers and compounded by minority stress,® '° The
TGD populations experience a higher disease burden
throughout their lifespan, including much higher rates of
mental illness, self-harm, and substance use disorders.!'™!?
This has the potential to result in TGD people presenting
with more severe illness when they come to the ED and
requires an approach that does not recapitulate barriers they
have experienced in the past to facilitate better care.

Clinical practice guidelines (CPG) have been defined by
the Institute of Medicine as “. .. statements that include
recommendations intended to optimize patient care that
are informed by a systematic review of evidence and an
assessment of the benefits and harms of alternative care
options.”'* Best practice statements (BPS) are less evidence-
driven and can include a consensus statement or practice
advisory from an expert group, or a position statement or
position paper from professional societies.'> Both can present
standardized approaches to evidence-informed clinical care
and are often adapted to meet local needs in the form of
clinical manuals targeted at front-line clinicians and
healthcare workers. There have been several reviews of CPGs
for the care of TGD people in the recent past.'®'® Not all
guideline recommendations can be successfully adopted/
adapted into different clinical working environments, and
there are none that focus on care in the ED. There are
publications from the Emergency Medicine Residents’
Association and the American College of Emergency
Physicians that speak directly to care of TGD populations in
the ED but they do not represent the more rigorous systematic
process of a CPG. The former is a clinical training manual,
and the latter was published after search for this current study
was completed.'*°

Previous work has demonstrated a paucity of research
relevant to ED care of TGD patients.””> Our overall goal in
conducting this systematic review was to identify and
evaluate current practice recommendations that inform the
care of TGD populations in ED settings.

3

METHODS

This was a PRISMA-based systematic review of guideline
recommendations, followed by application of the AGREE 11
and REX assessment tools for recommendation quality and
applicability (available at www.agreetrust.org). The trial

was registered at the Open Science Foundation prior to
commencement (https://doi.org/10.17605/OSF.IO/BWIQ5).
We performed a comprehensive search of Medline, EMBASE,
and CINAHL in collaboration with a medical librarian, and we
included any article published through July 31, 2021, using
keywords relating to the TGD population, emergency
medicine, and guidelines (Appendix B). A gray- literature
search of Google Scholar and a focused search of relevant EM
and TGD health societies were also completed for that timeline.
We included articles if they represented a CPG, BPS, consensus
document or other structured guidance for medical care for
TGD populations of any age, in any practice setting, any large
region, or nation, and if they were available in English.

Articles were excluded if they were narrative or systematic
reviews, offered unstructured/non-medical guidance, if they
were of local/municipal or single institution in scope, or if
they were replaced by a more recent version of the guideline
(Appendix B, Box C). Three reviewers independently
screened title/abstracts and full text, and conflicts were
resolved by group consensus. Included studies were reviewed
by two independent reviewers in Covidence (covidence.org)
and were analyzed for ED-relevant recommendations using a
keyword search for “emergency.”

The individual recommendations relevant to the ED were
coded as CPG or BPS using the criteria to be found in

Clinical Practice Guidelines are statements that include
recommendations intended to optimize patient care that are informed
by a systematic review of evidence and an assessment of the benefits
and harms of alternative care options, and contain the following
features:

Essential Features

1. Broad stakeholder involvement of all relevant parties.

2. Explicit conflict of interest statements presented.

3. Clear questions to specifically guide clinical practice.

4. Thorough transparent retrieval and assessment of evidence;
may have an accompanying systematic review/meta-analysis
to inform recommendations.

Structured grading of evidence and framing of
recommendations using accepted framework (e.g, GRADE).
External review by relevant bodies.

Key recommendations highlighted in document.

Updating timelines presented.

Reporting using Agree-Il framework.

I

© N

Desirable Features

1. Implementation protocols/pathways provided for end-users.
2. Outcome Measurement tools provided; audit and feedback
processes recommended.

Best Practice Statements are consensus statements, practice
advisories, position statements, position papers, or frontline clinical
manuals usually from professional societies or specialist groups that
have the following features:

1. Current important topic for practice.

2. Attempt to seek and evaluate evidence.

3. Practical recommendations to guide practice.

4. High level of certainty that recommendations will improve
patient care.

Figure 1. Key features of a clinical practice guideline or best practice
statement, 4151921
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Figure 1 by country or region of origin. We defined “ED-
relevance” as any recommendation pertaining to any process
flow point during that ED visit: decision to come to ED;
prehospital care; registration; triage; waiting room
experience; rooming/initial nursing care; history and physical
exam; investigations; diagnoses; treatment; disposition/
discharge planning; and/or follow-up care. Three reviewers
independently abstracted data with two reviewers per
citation, and conflicts in coding were resolved by consensus.
The data extraction template is available in Appendix B.
The methodological quality of included guidelines
was evaluated using the AGREE-II instrument (four
independent raters: AC, SKP, MK, SU), and individual EM-
relevant recommendations with the AGREE-REX tool
(three independent raters, AC, SKP, MK). Raters received
training in instrument use via an online tutorial available
through McMaster University, and from senior researchers
on the project. We calculated rating tool scores using
AGREE Trust calculator for AGREE-II (downloaded for
free from the AGREE Trust website) and using Excel
(Microsoft Corporation, Redmond, WA) for AGREE-REX
using the calculations provided in the instrument manual.
Using the interpretation suggestions in the original AGREE-
IT and AGREE-REX instruments®*** a domain score <30%
was considered low quality, a score of 30-70% was considered
moderate quality, and over 70% was considered high quality.
We assessed interrater reliability through use of the intraclass
correlation coefficient (ICC) statistic using SPSS Statistics
for Windows version 28.0 (IBM Corporation. Armonk, NY).
An ICC score < 0.5 is considered poor, from 0.5-<0.75
moderate, from 0.75 to <.90 good, and >0.90 excellent.?

RESULTS

The literature search identified 1,997 articles, and 339
duplicates were removed. We screened titles and abstracts of
1,658 articles, with 1,367 not meeting inclusion criteria.
Of the 291 articles undergoing full text review, 190 were
excluded. Of the 103 remaining (Appendix A), seven articles
were found to have 10 ED-relevant recommendations, and
these were analysed using AGREE-II and AGREE-REX
instruments. The literature search is summarized in the
PRISMA flow diagram (Figure 2).

A summary of the appraised articles can be found in Table
1, Appendix C.%°*? Six of the articles met criteria as a CPG,
and one as a BPS. Four of the articles were related to HIV
care guidelines, one focused on comprehensive care of TGD
populations, and two were focused on other minority
populations, of which TGD people were a subset. The overall
quality was judged by AGREE-II to be high in four of
the articles.”®>%-303

The 10 individual recommendations relevant to ED care
are summarized in Figure 3. A more detailed list with
AGREE-REX evaluations can be found in Table 2,
Appendix C. Overall, eight recommendations were

considered high quality using AGREE-REX, with two
having no consensus.

Interclass correlations for AGREE-II showed good
correlation for scope and purpose, rigor of development,
applicability, and editorial independence (Table 3, Appendix
C). Stakeholder involvement showed moderate correlations,
while clarity of presentation had poor ICC. The Agree-REX
ICC was poor for values and preferences and ease of
implementability but had good and moderate correlations
for clinical applicability and total score overall, respectively
(Table 4, Appendix C).

DISCUSSION

This comprehensive systematic review of TGD patient
care guidelines identified a small number of high-quality
recommendations relevant to ED care. This represents the
most comprehensive collection of guidance documents found
to date, outpacing the previous guidelines (103 v 2-17).'¢'8
Seven were identified as either BPSs or CPGs with
recommendations relevant to the ED. These guidelines were a
mixture of general, multinat