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Abstract

Objective: The Rapid Emergency Medicine Score (REMS) has not been widely stud-
ied for use in predicting outcomes of COVID-19 patients encountered in the prehos-
pital setting. This study aimed to determine whether the first prehospital REMS could
predict emergency department and hospital dispositions for COVID-19 patients trans-
ported by emergency medical services.

Methods: This retrospective study used linked prehospital and hospital records from
the ESO Data Collaborative for all 911-initiated transports of patients with hospital
COVID-19 diagnoses from July 1 to December 31, 2020. We calculated REMS with
the first recorded prehospital values for each component. We calculated area under
the receiver operating curve (AUROC) for emergency department (ED) mortality, ED
discharge, hospital mortality, and hospital length of stay (LOS). We determined optimal
REMS cut-points using test characteristic curves.

Results: Among 13,830 included COVID-19 patients, median REMS was 6 (interquar-
tile range [IQR]: 5-9). ED mortality was <1% (n = 80). REMS >9 predicted ED death
(AUROC 0.79). One-quarter of patients (n = 3,419) were discharged from the ED
with an optimal REMS cut-point of <5 (AUROC 0.72). Eighteen percent (n = 1,742) of
admitted patients died. REMS >8 optimally predicted hospital mortality (AUROC 0.72).
Median hospital LOS was 8.3 days (IQR: 4.1-14.8 days). REMS >7 predicted hospitaliza-
tions >3 days (AUROC 0.62).

Conclusion: Initial prehospital REMS was modestly predictive of ED and hospital dispo-
sitions for patients with COVID-19. Prediction was stronger for outcomes more prox-
imate to the first set of emergency medical services (EMS) vital signs. These findings
highlight the potential value of first prehospital REMS for risk stratification of individ-

ual patients and system surveillance for resource planning related to COVID-19.
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1 | INTRODUCTION

1.1 | Background

Periodic surges of COVID-19 patients seeking care in the hospital
environment overwhelm systems, reduce the availability of resources
for treatment of non-COVID-19 cases, place unpredictable demands
on inpatient resources and create increased risk for transmission of
the infection to staff or other patients.’2 COVID-19 patient acuity
has remained fairly consistent with the majority of patients having
somewhat mild symptoms, about 25% experiencing hospitalization,
and 5%-6% requiring critical care intervention.? This suggests that a
significant proportion of patients seeking care for COVID-19 at the
emergency department (ED) may have less severe presentations of
the disease that could potentially be evaluated and managed in the
community or in an outpatient setting.3~> Identifying this patient pop-
ulation could reduce the impact of patient surges on ED capacity and
inpatient resources.® Hospital flow and resource management could
be greatly enhanced if emergency medical services (EMS) notification
included information that could reliably differentiate patients who will
likely require admission with a prolonged length of stay (LOS) from
those who could safely be discharged after evaluation and managed

outside of the hospital setting.

1.2 | Importance

Although the pandemic has reduced patient volume in most EDs,”:8 the
percentage of patients requiring admission rapidly doubled or tripled
in many hospitals and continues to fluctuate in tandem with the rate
of COVID-19 cases in the community.8 EMS data have helped some
hospital systems anticipate surges in hospital volume during the pan-
demic. Increases in requests for EMS services in dispatch centers? or
the number of EMS patients with COVID-19 related symptoms have
preceded intensive care unit (ICU) surges by 1-2 weeks.1%11 Upticks in
the prevalence of low pulse oximetry measurements also have shown
an ability to predict next-day hospital bed occupancy? and commu-
nity COVID-19 load.'® However, none of these strategies facilitate risk
stratification of individual patients presenting with COVID-19. Such
risk stratification could enable rapid clinical decisions regarding the
need for hospital admissions® and streamline patient flow through the
ED. A number of studies have evaluated the value of acuity scores for
the general EMS patient population. A recent comparison of the pre-
dictive value for hospital mortality of National Early Warning Score 2,
Modified Early Warning Score (MEWS), Vitalpac Early Warning Score,
Worthing Physiologic Scoring System, Triage Early Warning Score, Pre-
hospital Index, and Rapid Emergency Medicine Score (REMS) modified
for trauma found no statistical difference in the ability to predict mor-
tality among the scores.* The REMS has proven valuable for predict-
ing ED mortality’>1¢ and, when measured during initial EMS evalua-
tion, is able to predict ED disposition (discharge, hospital admission, ED
death).’”

The Bottom Line

The Rapid Emergency Medicine Score (REMS) uses vital
signs collected in the prehospital environment to predict
outcomes. In this study the authors tested the ability of
the REMS to predict hospital mortality among prehospital
patients ultimately diagnosed with COVID-19. When applied
to over 13,000 prehospital patients from across the United
States, REMS was modestly predictive of emergency depart-
ment and hospital dispositions. REMS may potentially play a

role in community-wide COVID-19 management.

Identification of COVID-19 patients who are unlikely to require
inpatient care could also improve hospital resource use and reduce risk
of disease transmission. Multiple studies have explored the potential
for EMS systems to perform initial screening on suspected COVID-19
patients for the purpose of identifying patients who are stable enough
to be managed at home or in outpatient settings.*?1018-20 Recently
validated tools that predict COVID-19 prognosis in the hospital 2 and
outpatient® settings use data elements that are not routinely avail-
able to EMS crews including hematocrit, white blood count (WBC),
chest x-ray, and in-depth past medical history. A recent small study
assessed the ability of specific physiologic parameters as well as the
Quick Sepsis Related Organ Failure Assessment (QSOFA), CURB-65
(confusion, urea, respiratory rate, blood pressure, and > 65 years of
age) and MEWS scores to predict which COVID-19 patients would
develop ventilator dependent respiratory failure. Although MEWS pro-
vided the best prediction the authors concluded that all scores demon-
strated poor discrimination power.22

To date, the authors are unaware of any studies exploring whether
the first prehospital REMS can be used to predict which COVID-19
patients require admission to the hospital, which may have a prolonged
hospitalization, and which might potentially be safely monitored and

cared for outside the hospital.

1.3 | Goals of this investigation

This study aimed to determine whether the first prehospital REMS
could predict ED mortality, ED discharge, hospital mortality, and hos-
pital LOS for COVID-19 patients transported by EMS.

2 | METHODS

2.1 | Study design and setting

We conducted a retrospective observational study using de-identified
prehospital patient care records from the ESO Data Collaborative
(Austin, TX). ESO is one of the largest EMS electronic health record
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TABLE 1 Scoring procedure for the Rapid Emergency Medicine Score (REMS)

Low range High range
Vital Signs
REMS points +4 +3 +2 +1 0 +1 +2 +3 +4
Mean arterial pressure (mmHg) <50 50-69 70-109 110-129 130-159 >159
Pulse rate (beats/minute) <40 40-54 55-69 70-109 110-139  140-179  >179
Respiratory rate (breaths/minute) <6 6-9 10-11 12-24 25-34 35-49 >49
Oxygen saturation (%) <75 75-85 86-89 >89
Glasgow Coma Scale <5 5-7 8-10 11-13 >13
Age
REMS points 0 +1 +2 +3 +4 +5 +6
Age category (years) <45 45-54 55-64 65-74 >74

providers in the United States. Compliant with the National EMS Infor-
mation System, the electronic health record facilitates entry of dis-
patch, patient demographics, clinical presentation, vital signs, assess-
ments, and interventions performed by the EMS clinician. A subset of
EMS agencies use a bidirectional health data exchange software prod-
uct to link and receive hospital outcome information. Data elements
from participating receiving facilities are directly linked back to the
EMS record using standard Health Level Seven messaging, including ED
and in-patient dispositions and diagnoses.

The Data Collaborative contains all patient care records from EMS
agencies who have signed voluntary agreements to contribute their
de-identified data for research purposes. Data contained in the collab-
orative are entered by individual clinicians during the routine course
of public safety and healthcare patient encounters. As of January 1,
2020, there were 1322 agencies participating in this collaborative. This
dataset includes EMS encounters occurring in all 50 states and the Dis-
trict of Columbia and includes agencies that are fire based, munici-
pal third service, hospital based, and privately owned. The institutional
review board at St. David’s HealthCare determined that this study
qualified as exempt research.

2.2 | Selection of subjects

Given the advancements in treatment that led to measurable improve-
ments in mortality for COVID-19 patients admitted between March
and July 2020,2% we queried records from July 1 to December 31,
2020 to produce more stable estimates of outcomes including mortal-
ity. We included all emergency responses (911 activations) for adult
patients (18 years and older) who had a hospital diagnosis of COVID-
19 based on International Classification of Diseases, Tenth Revision codes
(B97.2,B97.21,B97.29,B34.2, and U07.2). We limited our analysis to
COVID-19 diagnoses rather than EMS-suspected COVID-19 in order
todirectly explore predictive characteristics of the REMS in this unique
patient population. We excluded patients in cardiac arrest before EMS

arrival. Given that only patients with ED or hospital diagnoses were

included, this study inherently excluded all patients who were not

transported to a hospital by EMS.

3 | MEASUREMENTS

3.1 | Rapid Emergency Medicine Score

Scoring for the REMS is calculated by assigning point values to cat-
egories of mean arterial pressure, pulse rate, respiratory rate, oxy-
gen saturation, Glasgow Coma Scale, and patient age (Table 1). Total
REMS values range from O to 26 and higher values are associated with
increased mortality.2* We used the first set of prehospital vital signs as
entered by the EMS clinician in the REMS calculation, consistent with
prior studies of EMS obtained REMS and hospital disposition.t”

3.2 | Outcome measures
We examined 4 outcome measures: ED mortality, ED discharge, hospi-
tal mortality, and hospital LOS.

We created a dichotomous variable for ED mortality by categorizing
dispositions of patients who died in the ED versus patients who did not
dieinthe ED (discharged from the ED, admitted, transferred to another
facility).

For ED discharge, we created a 2-level variable by grouping all
patients discharged from the ED to locations other than hospice ver-
sus those who were admitted to the hospital, transferred from the ED
to another facility, or discharged to hospice. Patients discharged to hos-
pice were not included in the discharged from ED group because they
were likely to be substantially different from discharged patients due
to their age (61% > 75) and likelihood of imminent death (54% die
within 30 days of admission to hospice).2> We excluded patients who
died in the ED from the ED discharge variable, because characteristics
of this patient group would likely differ from patients discharged alive

or patients who were admitted, transferred, or discharged to hospice.
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For hospital mortality, we created categories for patients who died
after admission versus patients who were discharged from the hos-
pital. We excluded patients who were transferred to another facility
and those who were still patients at the end of the study period as the
definitive outcome for the encounter was unknown. We also excluded
patients discharged to hospice as this disposition is distinct from other
hospital discharge dispositions.

For hospital LOS, we used 3 days as a cut-point based on prior lit-
erature. 26 We created a dichotomous variable for admitted patients
with a hospital LOS <3 days versus those who had an inpatient LOS of 3
or more days. For LOS analysis, we excluded patients who were trans-
ferred to another facility or who were still a patient at the end of the
follow-up period because total LOS could not be determined. We also
excluded patients who died within 3 days of admission as these patients
were likely distinct from patients who were discharged alive within 3
days of admission. Similarly, we excluded patients who were discharged
to hospice as being discharged to hospice likely represents a distinct

cohort compared with patients with other discharge dispositions.

3.3 | Analysis

We calculated prehospital REMS using the first set of vital signs
obtained by EMS from the patient care record. We excluded records
that were missing 1 or more elements needed to calculate a REMS
value. In the descriptive analysis, we summarize continuous variables
using median and interquartile range (IQR) and categorical variables
with frequencies and percentages.

To determine the overall predictive ability of REMS for each out-
come variable, we calculated the area under the receiver operating
curve (AUROC) and 95% confidence interval (95% CI). In general,
AUROC values between 0.7 and 0.8 are considered acceptable and val-
ues greater than 0.8 represent excellent predictive ability.2” We used
sensitivity and specificity curves to determine the optimal statistical
prediction cut-point for each outcome by examining the intersection of
these curves. We used univariable logistic regression models to assess
the relationship between the dichotomized REMS variable and each

outcome.
4 | RESULTS
4.1 | Characteristics of study subjects

There were 15,261 EMS records with linked hospital data for patients
diagnosed with COVID-19 between July 1, 2020 and December 1,
2020, from 326 EMS agencies. We excluded 99 patients with docu-
mented out-of-hospital cardiac arrest and 119 patients under the age
of 18 years. Of the 15,044 eligible records, 1214 (8%) were missing 1
or more elements needed to calculate REMS, leaving 13,830 patients
in the analysis sample (Figure 1). Of eligible EMS encounters, age was
missing for 3 (< 0.1%) patients, systolic blood pressure for 171 (1.1%),
diastolic blood pressure for 369 (2.5%), respiratory rate for 440 (2.9%),

EMS records with linked hospital data
for patients diagnosed with COVID-19

N=15,261
_________ Cardiac Arrest
N=99
_________ Pediatric (<18 years)
N=118
Y
Eligible Records
N=15,044
Missing Data to Calculate
———————— First Prehospital REMS
N=1214
A
Analysis Sample
N=13,830

FIGURE 1 Inclusion of EMS patient care records for analysis.
Abbreviations: EMS, emergency medical services; REMS, Rapid
Emergency Medicine Score

oxygen saturation for 362 (2.4%), and Glasgow Coma Scale score for
296 (1.9%). The median age of all included patients was 71 (IQR: 58-
81) and 50% were female. The median first prehospital REMS score
was 6 (IQR: 5-9) (Table 2). EMS clinicians selected a primary or sec-
ondary impression specifically related to COVID-19 for 46.2% (6391)
of patients. Among patients where COVID-19 was not specifically
selected by EMS (7439), the most common primary impressions were
generalized weakness (14.1%, 1055), acute respiratory distress (12.8%,
950), and shortness of breath (11.1%, 828).

4.2 | Main results

421 | REMS as a predictor of ED mortality

Out of the 13,830 included patients, <1% (80) died in the ED (Figure 2).
The median age among those who died in the ED was 79 (IQR: 67.5-
88). The median first prehospital REMS among patients who died in the
ED was 10 (IQR: 8-14). The AUROC for REMS as a predictor of ED mor-
tality versus ED discharge, hospital admission, or transfer to another
facility or hospice was 0.79 (95% Cl: 0.74-0.84). A cut-point of 9 or
higher was statistically optimal for predicting ED death and resulted in
a sensitivity of 72% and specificity of 74% (Table 3). Compared to those
with a first prehospital REMS < 9, patients with a REMS of 9 or higher
had more than a 7-fold increase in odds of ED death (OR: 7.62, 95% Cl:
4.66-12.47).

422 | REMS as a predictor of ED discharge

Overall, 25% (3419) of EMS patients diagnosed with COVID-19 were
discharged fromthe ED, and 71% (9801) were hospitalized; the remain-
ing 4% (610) died in the ED or were transferred (Figure 2). The median
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TABLE 2 Characteristics of Analysis Sample

Hospital
Analysis Sample ED Mortality ED Discharge Mortality LOS >3 Days
N = 13,830 N =280 N = 3419 N=1742 N = 6467
Age, years
Median (IQR) 71(58-81) 79 (67.5-88) 61 (44-76) 77 (68-85) 73(62-82)
Sex
Female 50.0% (6909) 41.3% (33) 55.3% (1889) 43.0% (747) 48.4% (3123)
Male 50.0% (6897) 58.7% (47) 44.7% (1524) 57.0% (992) 51.6% (3333)
US Census region
Northeast 6.5% (880) 2.5%(2) 6.0% (201) 4.5% (78) 7.6% (483)
Midwest 16.7% (2279) 16.7% (13) 14.7% (493) 24.7% (426) 16.5% (1051)
South 65.3% (8912) 75.6% (59) 65.5% (2196) 58.9% (1015) 65.2% (4157)
West 11.5% (1576) 5.1% (4) 13.8% (463) 11.8% (204) 10.8% (687)
US Census urbanicity
urbanized area 82.8%(11,381) 95.0% (76) 84.2% (2861) 82.7% (1432) 82.8% (768)
urban cluster 5.6%(771) 1.3% (1) 5.2% (175) 5.3% (91) 5.3% (341)
Rural 11.6% (1590) 3.7% (3) 10.6% (360) 12.0% (208) 11.9% (768)
First prehospital REMS
Median (IQR) 6(5-9) 10 (8-14) 5(2-7) 9(7-11) 7(5-9)
Abbreviations: IQR, interquartile range; REMS, Rapid Emergency Medicine Score
Analysis Sample
N=13,830
\ 4 \ 4 \i \ 4 Y
[A] [B] [C] [D] [E]
ED Death ED Discharge Admitted Transferred Hospice
0.6% (80) 24.7% (3419) 70.9% (9801) 3.5% (483) 0.3% (47)
REMS REMS REMS REMS REMS
10 (8-14) 5(2-7) 7(5-9) 7 (5-9) 9 (6-11)
Y \ 4 \ 4 Y \ i
[F] [G] [H] (] [J]
Hospital Death Hospital Discharge Transferred Hospice Still a Patient/Unknown
17.8% (1742) 66.6% (6523) 9.0% (883) 5.6% (577) 0.8% (76)
REMS REMS REMS REMS REMS
9 (7-11) 6 (5-8) 7 (6-9) 8 (6-11) 7 (5-9)

FIGURE 2 ED and hospital dispositions of analysis sample. Abbreviations: ED, emergency department; REMS, Rapid Emergency Medicine
Score. First prehospital REMS are presented as medians and interquartile ranges. Outcome 1: ED Mortality = ED death [A] versus No ED Death
[B+C+D+E] Outcome 2: ED Discharge = ED Discharge [B] versus Admitted/Transferred/Hospice [C+D+E] Outcome 3: Hospital

Mortality = Hospital Death [F] versus Hospital Discharge [G]
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TABLE 3 Test characteristics of first prehospital REMS for prediction of patient outcomes
StatisticalCut-

Outcome AUROC Point Sensitivity Specificity

ED mortality 0.79 (0.74-0.84) 9 or higher 72% 74%

ED discharge 0.72(0.71-0.73) 5 or lower 58% 74%

Hospital Mortality 0.72(0.71-0.73) 8 or higher 68% 63%

LOS >3 days 0.62 (0.60-0.63) 7 or higher 56% 60%

Abbreviations: AUROC, area under the receiver operating curve; ED, emergency department; LOS, length of stay; REMS, Rapid Emergency Medicine Score.

first prehospital REMS among discharged patients was 5 (IQR: 2-7).
Meanwhile, the median REMS among patients who were admitted to
the hospital was 7 (IQR: 5-9). First prehospital REMS demonstrated
an AUROC of 0.72 (95% Cl: 0.71-0.73) as a predictor of ED discharge
versus admission, transfer, or hospice (Table 3). A REMS of 5 or lower
demonstrated optimal prediction of ED discharge with a sensitivity of
58% and specificity of 74%. A REMS of 5 or lower was associated with
nearly a 4-fold increase in odds of ED discharge (OR: 3.87, 95% Cl:
3.57-4.19).

4.2.3 | REMS as a predictor of hospital mortality
Out of 9801 admitted EMS patients diagnosed with COVID-19, 18%
(1742) died (Figure 2). The median first prehospital REMS among
patients who died in the hospital was 9 (IQR: 7-11) compared to a
median of 6 (IQR: 5-8) among patients discharged alive from the hospi-
tal. AUROC was 0.72 (95% Cl:0.71-0.73) for REMS prediction of hospi-
tal death versus hospital discharge (Table 3). Sensitivity and specificity
for hospital death were 68% and 63% respectively at an optimal REMS
cut-point of 8 or higher. Patients whose initial prehospital REMS was 8
or higher had over 3 times the odds of dying after hospital admission
(OR:3.59,95% Cl: 3.21-4.02).

424 | REMS as a predictor of hospital LOS

Hospital LOS was missing for 6% (62) of admitted patients. The median
hospital LOS for admitted patients who died was 8.3 days (IQR: 4.1-
14.8 days) compared to 5.2 days (IQR: 3.2-8.5 days) among those who
were discharged alive. A total of 310 (18.2%) patients with hospital
LOS data died within 3 days of admission. After excluding hospital-
ized patients who died within 3 days, were transferred or discharged
to hospice, or did not have a disposition available by the end of the
study period, 82% of patients had a hospital LOS of 3 or more days
(6467/7893) (Figure 3). The median first prehospital REMS among
patients with hospital LOS less than 3 days was 6 (IQR: 4-8) compared
to a median of 7 (IQR: 5-9) among those with a hospital LOS of 3 or
more days. First prehospital REMS demonstrated an AUROC of 0.62
(95% ClI: 0.60-0.63) for predicting hospital LOS of 3 days or more. The
optimal REMS cut-point for this outcome was 7 or higher with a sen-
sitivity of 56% and specificity of 60%. Patients with a first prehospital

Admitted
N=9801

Missing Length ofStay
N=62

Still a Patient/Unknown
N=76

Transferred
N=883

Hospice
N=577

Death within 3 Days
N=310

v v

Length ofStay Length ofStay
>3 days <3 days
81.9% (6467) 18.1% (1426)

FIGURE 3 Hospital length of stay among emergency medical
services patients with COVID-19

REMS of 7 or higher had nearly a 2-fold increase in odds of being hos-
pitalized for 3 or more days (OR: 1.95, 95% Cl: 1.74-2.20).

5 | LIMITATIONS

This was a large retrospective study of data obtained directly from pre-
hospital electronic health records. As a convenience sample of records
from participating agencies in a data collaborative using a single soft-
ware provider, these findings are not intended to represent a quantifi-
cation of disease prevalence in any particular region. Further, only a
subset of agencies and receiving facilities use the health data exchange
software that links EMS records to hospital outcome information. The
analytic sample was more weighted toward urban settings; these find-
ings may not generalize to other environments. Thus, interpretations
of the results presented should focus on the observed associations
between variables, in particular first EMS REMS and dispositions fol-
lowing EMS transport and direct extrapolation to other settings is cau-

tioned.
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Data were entered during the course of patient care activities with
no researcher quality checks other than for missing data elements.
Approximately 8% of records had 1 or more missing REMS data ele-
ments, meaning that REMS could not be calculated. ED dispositions
were similar among those without a REMS score, as 29% (353) were
discharged and 67% were admitted (813). This study included only
patients with adocumented hospital diagnosis of COVID-19 regardless
of whether the EMS professional recognized the potential for COVID-
19 during field assessment. It is possible that some patients presented
to EMS with other primary concerns not related to COVID-19 such
as traumatic injury. It is also possible that EMS clinicians suspected
COVID-19 during the encounter and that a patient later tested nega-
tive for the disease at the hospital. We limited this analysis to patients
diagnosed with COVID-19 to specifically examine predictive charac-
teristics of REMS in this unique patient population with a novel disease.
Prior studies have demonstrated the value of prehospital REMS for
predicting hospital outcomes for a general cohort of EMS-transported
patients, suggesting utility even when the EMS suspicion of COVID-
19 may not be confirmed.1*1” Nevertheless, future research will be
required to determine whether REMS is a useful predictor of hospi-
tal outcomes for the subset of EMS patients with suspected COVID-
19 with and without confirmation at the hospital after transport. Like-
wise, this study could not comment on the predictive value of REMS for
patients who were not transported to the hospital; prior studies have
suggested that nearly 18% of COVID-19 patients who called 911 were
not transported to the hospital.

This study relied on the initial prehospital REMS score, calculated
using the chronologically first available elements, to predict hospital
outcomes. Prehospital and hospital interventions delivered after these
first measurements may have confounded the patient’s condition and
subsequently outcomes. It is unknown whether REMS scores calcu-
lated using data more proximate to hospital arrival would be more
or less predictive. This study was also limited to evaluation of REMS
without consideration of other potential scoring systems. However,
prior studies have demonstrated that REMS provides comparable or
superior prediction of hospital outcomes when comparing a number
of available scoring systems including National Early Warning System,
MEWS, Vitalpac Early Warning Score, Worthing Physiological Scoring
System, Triage Early Warning Score, and the Prehospital Index.* The
REMS also does not require a body temperature measurement, which

is not consistently recorded in the prehospital setting.28-3°

6 | DISCUSSION

In this retrospective study of over 13,000 confirmed COVID-19
patients transported to the hospital by EMS, first prehospital REMS
was associated with ED and hospital outcomes. Adequate EMS data
were present to calculate REMS in 92% of cases, substantially higher
than previously reported, 1”24 suggesting that REMS may be a practical
tool for use in the prehospital setting. Collectively, these findings sug-
gest utility of REMS in the specific and sometimes complex COVID-19

patient population. The proposed cut-points may provide tools to sup-

port EMS transport decisions and hospital preparation for admission
and use of scarce intensive care resources.

Overall predictive characteristics of first prehospital REMS for ED
and in-hospital patient dispositions were moderate and in line with
widely used prehospital screening instruments for conditions such
as stroke.3! As previous authors have reported,'”32 we found that
prehospital REMS demonstrated slightly higher predictive power for
ED mortality than ED discharge or hospital admission. Nevertheless,
REMS demonstrated good discrimination for predicting ED discharge.
The observed AUROC of 0.72 (95% Cl: 0.71-0.73) is comparable to the
0.76 reported for predicting hospital admission in a study using REMS
data collected on non-trauma patients in the ED.1” This discrimination
level is also similar to the AUROC of REMS as a predictor of ED dis-
charge (0.684) among a large cohort of all EMS-transported patients.”
The hospital admission rate for patients in this study (71%) was nearly
double that reported in a large cohort of all EMS-transported patients
(36%). The median age and first prehospital REMS score were higher
in this cohort of EMS patients diagnosed with COVID-19 compared to
the study of all EMS-transported patients.l” The optimal REMS cut-
point of 5 or lower for predicting ED discharge (6 or higher for pre-
dicting admission, transfer, or hospice) aligns with that found among
the cohort of all EMS-transported patients. This cut-point is also sim-
ilar to the cut-point of 7 or higher reported by Wei for predicting hos-
pital admission; the higher cut-point reported by Wei may reflect the
younger population (mean age 44).17%2 The similarity of the results
across these 3 studies with substantially different populations may
suggest that REMS can be a broadly applicable adjunct for helping pre-
dict ED discharge or hospital admissions.

Our findings suggest that the predictive accuracy of REMS is best
for clinical outcomes that are proximate in time to when the data were
collected and declines for outcomes that are hours or days later. Clin-
ically this may relate to changes in the patient’s condition between
the time of REMS measurement and the outcome in question. If this
premise is accurate, it suggests the possibility that REMS could become
atool for evaluating trends in patient condition over time rather than a
static determination of mortality or hospital admission probability. This
observation has been made in at least 1 previous study that described
changes in REMS during the prehospital encounter and noted that
reductions in patients with high first REMS may reflect clinical changes
during care.®® If measured before and after a specific intervention
(such as EMS care and transport) change in REMS may even reflect the
impact of the intervention on patient survival, admission, or LOS. The
change in REMS during a patient encounter may also have important
implications when considering which EMS data to use when calculating
REMS (early or late in the clinical encounter). More research is needed.

The ability of REMS to help predict which patients will be able to
be discharged from the ED (and which will require admission) comple-
ments other research aimed at predicting surges. Two French studies
demonstrated that identification of surges in requests for EMS services
preceded actual hospital and ICU surges by 12-19 days.”10 A similar
study in Maryland found that increases in the rate of EMS patients sus-
pected by crews as having COVID-19 predicted increases in COVID-
19 hospitalizations by 9 days.!? A complex algorithm informed by the
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number of daily calls to regional National Health Service (UK) offices
was also successful in predicting local COVID-19 case volumes.?* A
score that could predict LOS provides a valuable tool for hospital plan-
ners to anticipate how long a COVID-19 patient may need to be hospi-
talized. This study demonstrated a moderate ability for REMS to pre-
dict prolonged (3 or more days) hospital admission with a cut-point of 7
or higher and an AUROC of 0.62 (95% Cl: 0.60-0.63), virtually iden-
tical to other reports.32 Prior studies with similar aims have shown
mixed results. Mughal et al used a retrospective study of hospital-
ized, confirmed COVID-19 patients to identify information available
at admission that could predict the onset of ventilatory-dependent
acute respiratory failure. Predictive scores including gSOFA, CURB-65,
and MEWS were unable to differentiate between patients requiring
intubation and those who did not.22 The COVID-19 Acuity Score is a
recently validated score that predicts hospital admission (AUC 0.80),
critical care admission (AUC 0.82), and death (AUC 0.87) for COVID-
19 patients in the outpatient setting, but it requires multiple data ele-
ments that are not available for most patients in the out-of-hospital
setting such as chest radiograph, body mass index, and an exhaus-
tive past medical history.® Although the current study did not evalu-
ate REMS ability to identify patients who will require ICU admission,
it does appear to predict the need for hospitalization and potentially
identify those requiring a longer LOS.

Likewise, this study contributes to research proposing the use of
EMS data to support health system efforts to reduce the number
of COVID-19 patients who seek care in the hospital and may be
safely treated as outpatients. An Israeli study demonstrated successful
screening of potential COVID-19 patients via telephone. Symptomatic
patients were screened by paramedics and referred to physicians as
appropriate. EMS also provided polymerase chain reaction testing at
patients’ homes. Patients who were symptomatic and had a positive
COVID-19 test were transported by EMS to a negative pressure bed
in the COVID-19 section of a designated ED.? Goldberg et al. reduced
the entry of potential COVID-19 patients into the healthcare system
by having EMS send a “testing team” to the home of patients identi-
fied by their primary care practitioner as having a high risk for COVID-
19 based on symptoms reported by telephone. EMS successfully per-
formed over 400 home-based tests with no personal protective equip-
ment breaches or EMS crew infection.® The current study may add to
this literature by demonstrating that REMS can help identify patients
who are unlikely to require hospital admission and might be safe candi-
dates for monitoring and care outside of the hospital.

In summary, in this large cohort of EMS patients diagnosed with
COVID-19, first prehospital REMS demonstrated moderate predictive
value for ED mortality, ED discharge, hospital mortality, and hospi-
tal LOS. From a healthcare system planning perspective, prehospital
REMS may provide early evidence to identify a subset of admitted
patients who may require prolonged admission and increased resource
use. At the encounter level, prehospital REMS may represent an impor-
tant adjunct for decision making for patients who may be candidates
for safe treatment at home or an alternative destination versus trans-
port to an ED. Collectively, these findings expand prior studies that
demonstrate the value of prehospital REMS in predicting hospital dis-

position by demonstrating a moderate ability to risk stratify and surveil
EMS patients diagnosed with COVID-19.
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