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Introduction:Monoclonal antibodies received an Emergency Use Authorization (EUA) from the U.S. Food & Drug
Administration for the outpatient treatment of mild to moderate coronavirus disease 2019 (COVID-19).
REGN-COV2, casirivimab and imdevimab, has been shown to decrease the viral load and healthcare visits of
those with mild to moderate COVID-19 who are treated in the outpatient setting.
Objective: To determine 7- and 14-day emergency department (ED) and hospitalization rates of adult patients
given REGN-COV2 for the outpatient treatment of COVID-19 at a community hospital.
Methods: A convenience sample of consecutive adult patients given REGN-COV2 from January 18, 2021 through
March 31, 2021 for the outpatient treatment ofmild tomoderate COVID-19. Abstracted data included patient de-
mographics, allergic reactions, ED presentations and hospitalizations at 7 and 14 days, and in-hospital mortality.
Results: A total of 68 patients with a medain age of 69 years (IQR 57–75.5) and 58.3% being female were given
REGEN-COV2 during the study period. No allergic reactions were noted during infusion. Of those infused, 18%
(12/68)were infused in the ED and had amedian length of stay of 477min. Following infusion, 10% (7/68) of pa-
tients re-presented to the ED and 2% (1/68) were hospitalized for COVID-19 at 14 days. In those aged 65 years or
greater, 12% (5/42) of patients re-presented to the ED following infusion. Of thosewho re-presented to the emer-
gency department, themedian age was 72.5 years and themedian time from infusion to re-presentation was 2.0
days. No patients suffered in-hospital mortality during the study period.
Conclusion: There was a significant length of stay associated with REGN-COV2 infusion in the emergency depart-
ment. Following REGN-COV2 infusion, few patients under the age of 65 re-presented to the emergency depart-
ment at seven and 14 days. However, a large number of patients aged over 65 years re-presented to the ED
following infusion.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

Since the emergence of the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), physicians and scientists have searched for an
outpatient treatment option for those with coronavirus disease 2019
(COVID-19). REGN-COV2 (casirivimab and imdevimab), a cocktail com-
posed of two non-competing, neutralizing human IgG1 antibodies that
targets the spike protein of SARS-CoV-2, was recently given emergency
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use authorization (EUA) by the U.S. Food and Drug Administration
for the outpatient treatment of mild to moderate COVID-19 [1,2]. In
an animal model, REGN-COV2 was shown to reduce viral loads of
SARS-CoV-2 and improved viral clearance when given therapeutically
[3]. In human trials, data showed a decrease in respiratory viral load
and healthcare visits in those who received REGN-COV2 as compared
to a placebo [1]. Recently a phase 3 trial showed a 71.3% reduction in
hospitalizations and a 70.4% reduction in all-cause mortality in those
who received REGN-COV2 as compared to a placebo [4]. However, little
clinical data is currently available on the real-world utilization and
outcomes of those who have received REGN-COV2 in the community
setting. The primary objective the study was to determine 7- and
14-day emergency department (ED) and hospitalization rates of adult
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Table 1
Emergency use authorization patient qualifiers for those infused with REGN-COV2.

Authorized use qualifier Patients

Body mass index (BMI) ≥35 18 (27%)
Chronic kidney disease 8 (12%)
Diabetes 22 (32%)
Immunosuppressive disease 4 (6%)
Currently receiving immunosuppressive treatment 3 (4%)
Hypertension 41 (60%)
Congestive heart failure 2 (3%)
Chronic obstructive pulmonary disease 10 (15%)
Are ≥65 years of age 42 (62%)
Are ≥55 years of age and have cardiovascular disease
or hypertension or chronic obstructive pulmonary
disease/other chronic respiratory disease

26 (38%)
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patients given REGN-COV2 for the outpatient treatment of COVID-19 at
a community hospital.

2. Methods

2.1. Setting

Kingman Regional Medical Center (KRMC) is a 235-bed community
hospital located in northern Arizona with an annual ED volume of ap-
proximately 50,000 patient visits per year. During the study period
there was a 9% decrease in ED visits from the previous year. A total of
655 cases of COVID-19 were diagnosed by the hospital from January
18, 2021 through March 31, 2021.

2.2. Study protocol

Following institutional review board approval, a convenience sam-
ple of consecutive adults aged 18 years old or older who received the
outpatient administration of REGN-COV2 from January 18, 2021
through March 31, 2021 were included in analysis. Physicians screened
patients on a daily basis who had positive results from a direct SARS-
CoV-2 viral test for those whomet one of the criteria for administration
of REGN-COV2 specified by the EUA. A physician then spoke with each
patient to discuss the risks and benefits of REGN-COV2 infusion. Follow-
ingpatient agreement, REGN-COV2was administered byqualified nurs-
ing staff at either an outpatient infusion center or the ED. Each patient
received a combination dose of 1200 mg of casirivimab and 1200 mg
of imdevimab as a single intravenous infusion over 60 min via an infu-
sion pump within 10 days of symptom onset. Patients were monitored
for one hour following infusion to assess for any adverse infusion
reactions.

All data reported were abstracted from patient charts from the
MEDITECH EXPANSE Platform (Medical Information Technology INC,
Westwood, MA). Abstracted data included: Patient age, ethnicity, gen-
der, bodymass index, smoking status, and authorized use qualifiers. Pa-
tients were then tracked daily for return visits to the KRMC ED and
admissions to the KRMC in-patient COVID-19 Unit. Patients were not
tracked for hospital admissions or ED visits occurring at other sites. All
data was abstracted by two trained research assistants who were
blinded to the study's primary objective. Research assistants were
trained on proper data abstraction prior to the collection of data by
the study team. This was completed by a member of the study team
abstracting data with the research assistants. With adherence to a
quality-controlled protocol and structured abstraction tool, research as-
sistants manually collected all data points. Abstractor monitoring and
verification of the independent variableswas completed by the primary
investigator. Cases for which the two abstractors disagreed on the pri-
mary inclusion variables were assessed by the primary investigator for
inclusion. Patients with incomplete data following abstraction were re-
moved from analysis.

2.3. Statistical analysis

Data were analyzed using SPSS statistics (IBM Corp., Armonk, New
York). Patient demographics and outcomes are reported with descrip-
tive statistics.

3. Results

Of the 655 cases of COVID-19 diagnosed during the study period, a
total of 68 patients were given REGN-COV2 with 12 patients (18%)
being infused while in the ED. Of those infused in the ED, the median
age was 69 years (IQR 57–75.5), 58% were female, and the median
length of staywas 447 (IQR 372–522)minutes. No patients had an aller-
gic reaction either during infusion or in the immediate post-infusion pe-
riod. The median age of those who received REGN-COV2 was 69.0 (IQR
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58–76) years with 54% (37/68) being female and a median body mass
index of 31.1 (IQR 26.8–35.5). A total of 62% (42/68) of all patients in-
fused were aged 65 or older. Across the cohort a large proportion of pa-
tients had a history of hypertension (60%), diabetes (32%) or chronic
kidney disease (12%) (Table 1). The median number of risk factors for
those infused with REGEN-COV2 was two.

In the total cohort, 10% (7/68) of patients sought further care in the
ED with 2% (1/68) of all patients being hospitalized due to a COVID-19
complication within seven days of REGN-COV2 infusion (Table 2). No
patients presented to the ED between days eight and 14 following
REGN-COV2 infusion. Of those who re-presented to the ED, the median
age was 72.5 (IQR 64–81) years with 86% (6/7) being female. The aver-
age length of time from infusion to representation to the ED was 2 (IQR
0.5–3.5) days. The one patient hospitalized due to hypoxia was 10 days
into her illness and one day following REGN-COV2 infusion. Upon re-
presentation to the ED, she required 4 l of oxygen at rest and 6 l with
ambulation. She had an inpatient length of stay of six days and was
discharged following treatment with remdesivir, dexamethasone, and
convalescent plasma. The patient was discharged to home with requir-
ing 2 l of nasal cannula due to hypoxia with ambulation. In those aged
65 years or greater, 12% (5/42) of patients re-presented to the ED fol-
lowing infusion with 0% being hospitalized at seven and 14 days due
to a COVID-19 complication. No patients suffered from in-hospital mor-
tality during the study period.
4. Discussion

Data has shown that ED overcrowding and an increased length of
stay has a negative impact on patient outcomes [5,6]. Based upon the
current data, those infused in the ED had a significant length of stay dur-
ing the secondwave of theCOVID-19 pandemic. This increased lengthof
stay may have resulted in an increased length of stay for other patients
causing a possible increase in negative outcomes. The feasibility of infu-
sionwithin the ED could be limited due to patient volumes, lack of avail-
able patient care space, the length of time to perform tests, the time
needed for each infusion, and the FDA required monitoring period
post infusion [7]. Healthcare organizations should look to alternative lo-
cations, including outpatient infusion centers, for monoclonal antibody
infusion to alleviate the burden on EDs.

The current data showed that an older patient population wasmore
likely to receive REGN-COV2 compared to the original research on the
medication and the recent publication of the phase 3 trial [1,4]. The
study also showed that those to receive REGN-COV2 during the study
period had a higher prevalence of risk factors for progression of disease
as compared to previous literature [1,4]. It is unclear for the difference in
patient ages and increased prevalence of risk factors between the cur-
rent study and previously reported literature but could be due to the
geographic location of the institution and the population being served.

Both the overall cohort and the elderly population was also more
likely to present to the ED for further care due to COVID-19 following



Table 2
Hospitalizations and Emergency Department Visits among Patients who received
REGN-COV2.

Hospitalized Emergency Care

7(d) 14(d) 7(d) 14(d)

Total Cohort
(N = 68) 1 (2%) 1 (2%) 7 (10%) 7 (10%)
Aged Over 65
(N = 42) 0 (0%) 0 (0%) 5 (12%) 5 (12%)
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infusion than previously reported [1,4]. This difference is most likely re-
lated to the number of risk factors seen in the current population and
the time to presentation prior to infusion with REGN-COV2. Current
data has shown that those with increased risk factors such as age,
hypertension or diabetes are at an increased risk for progression of
COVID-19 that may require hospitalization [7,8,9]. Despite the patient
demographics in the current study, no patients in the 65 year or older
age group were hospitalized due to a COVID-19 complication at 14
days following infusion.

5. Limitations

The location and population characteristics of those treated at King-
man Regional Medical Center may not allow these results to be general-
izable across all patient populations in rural communities. Patientswere
offered treatment based upon medication availability (bamlanivimab
versus REGN-COV2), symptomonset, physician preference, and risk fac-
tors for progression of disease per the EUA. However, it is unclear the
number of patients who were offered monoclonal antibody treatment
and declined therapy. Patients were referred to the outpatient infusion
center when able for infusion from the ED due to increased volumes of
respiratory and critical care patients seen with the second wave of the
pandemic. This may have decreased the number of patients treated
within the ED. County coroner records were not reviewed to confirm
mortality in patients who received REGN-COV2.

6. Conclusion

A significant length of stay was associated with infusion of REGN-
COV2 within the ED. Few patients under the age of 65 re-presented to
the ED following infusion but a larger proportion of the elderly did pres-
ent to the ED following infusion. In order to improve departmentalflow,
programs should be targeted at early diagnosis, identification, and
131
location of medication administration to alleviate both ED and poten-
tially in-patient burdens due to COVID-19. However, further large-
scale randomized control trials are needed to assess the true treatment
effect of REGEN-COV2 in a community setting prior to it being consid-
ered the standard of care for those with mild to moderate COVID-19
in the outpatient setting.
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