Received: 3 January 2021

Revised: 26 May 2021

Accepted: 4 June 2021

DOI: 10.1002/emp2.12489

ORIGINAL RESEARCH

The Practice of Emergency Medicine

WILEY

Worsening of emergency department length of stay during the
COVID-19 pandemic

Anthony LuceroMD* | Kimberly Sokol MD,MS* | Jenny Hyun PhD, MPH? |
LuhongPanMS? | JoelLabhaDO® | EricDonnDO' | Chadi Kahwaji MD, PhD? |
Gregg Miller MD*

1 Kaweah Health Medical Center, Department
of Emergency Medicine, Visalia, California,
USA

2 Vituity, Department of Enterprise Data
Analytics, Emeryville, California, USA

3 Arrowhead Regional Medical Center,
Department of Emergency Medicine, Colton,
California, USA

4 Swedish Edmonds Campus, Department of
Emergency Medicine, Edmonds, Washington,
USA

Correspondence

Anthony Lucero, MD, Department of Emer-
gency Medicine, Kaweah Health Medical
Center 400 W. Mineral King Avenue, Visalia,
CA93291,USA.

Email: anthony.lucero@vituity.com

Funding and support: By JACEP Open policy,
allauthors are required to disclose any and all
commercial, financial, and other relationships
inany way related to the subject of this article
as per ICMJE conflict of interest guidelines (see
www.icmje.org). The authors have stated that
no such relationships exist.

1 | INTRODUCTION

1.1 | Background

The coronavirus disease 2019 (COVID-19) pandemic is an ongoing

global crisis with far-reaching consequences affecting every facet of

Abstract

Obijective: Our study sought to determine whether there was a change in emergency
department (ED) length of stay (LOS) during the coronavirus disease 2019 (COVID-19)
pandemic compared to prior years.

Methods: We performed a retrospective analysis using ED performance data 2018-
2020 from 56 EDs across the United States. We used a generalized estimating equation
(GEE) model to assess differences in ED LOS for admitted (LOS-A) and discharged (LOS-
D) patients during the COVID-19 pandemic period compared to prior years.

Results: GEE modeling showed that LOS-A and LOS-D were significantly higher dur-
ing the COVID-19 period compared to the pre-COVID-19 period. LOS-A during the
COVID-19 period was 10.3% higher compared to the pre-COVID-19 time period,
which represents a higher geometric mean of 28 minutes. LOS-D during the COVID-19
period was 2.8% higher compared to the pre-COVID-19 time period, which represents
a higher geometric mean of 2 minutes.

Conclusions: ED LOS-A and LOS-D were significantly higher in the COVID-19 period
compared to the pre-COVID-19 period despite a lower volume of patients in the
COVID-19 period.
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life. As of April 21, 2021, there are more than 31.6 million confirmed
cases in the United States, with 565,613 related deaths.! This has
led to a significant stress on the healthcare system as a whole, with
emergency departments (EDs) across the country taking the brunt
of this stress given the fact that they are on the front line of the

healthcare system.?
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1.2 | Importance

It has been shown that the higher the volume of patients seen at an ED,
the worse an ED’s performance is in terms of length of stay (LOS),3*
which leads to overcrowding. ED overcrowding has a detrimental
effect on patient morbidity and mortality in a variety of patient groups
and cost to both the patient and the hospital.>~13 Therefore, to combat
this overcrowding, ED and hospital administrators will typically enact
a surge protocol in times of predicted increased volumes, such as a
pandemic.2 However, unlike prior similar pandemics that presented
with an initial surge, preliminary research from early in the pandemic
actually demonstrated an unexpected steep decrease in ED volumes, 4
with a consequential expected improvement in ED LOS.1> We presume
that this led to confusion on the part of ED staff on how to further

prepare their EDs for the current and future similar pandemics.

1.3 | Goals of this investigation

To date, there has been limited research assessing the effects of the
current COVID-19 pandemic on ED performance as it relates to LOS.
Our study therefore seeks to determine whether there was a signifi-
cant change in ED LOS since the beginning of the COVID-19 pandemic.
Our study hypothesis was that reduced ED volumes seen during the
COVID-19 pandemic would be associated with a decrease in LOS for
both discharged and admitted patients. We performed a retrospective
analysis using ED performance data from 56 EDs across the United
States, comparing ED LOS and ED volumes from before and after the
first government-mandated shutdowns on March 16, 2020.1¢ We hope
that these data will help EDs both in continuing to respond to the cur-
rent pandemic and in future planning for a similar global health crisis.

2 | METHODS

2.1 | Study design and setting

This study was approved by the Arrowhead Regional Medical Cen-
ter Institutional Review Board. This was a retrospective analysis that
used ED LOS data from March 1 to December 31 in 2018, 2019, and
2020. Data were received from 56 EDs, encompassing 6,031,301 ED
encounters. EDs in the study represented community hospitals from
5 different Centers for Medicare & Medicaid Services (CMS) regions
in the same emergency medicine group. EDs in the study were con-
tracted with a single physician group and provided timestamp data (ED
arrival and ED departure timestamps) abstracted from their respec-
tive electronic medical record systems for both discharged and admit-
ted patients, which are regularly monitored for the purposes of oper-
ational quality. In addition to timestamps, the data file also contained
the patient’s Emergency Severity Index (ESI) score and date of service.
Individual hospitals provided data for all patients seen in their own ED
via data files securely transferred (via secure file transfer protocol) to
the physician group on a monthly basis. Data files are aggregated and

The Bottom Line

This retrospective analysis sought to determine whether
emergency department length of stay changed during the
CQOVID-19 pandemic, based on data from 6 million visits at
56 sites from 2018-2020. A generalized estimating equa-
tion model found that length of stay increased by 10.3% for
admitted patients and 2.8% for discharged patients, when

comparing the pandemic with preceding years.

stored in structured query language (SQL) databases for storage and
querying purposes.

2.2 | Measurements

Length of stay and ESI assessments were abstracted from hospital elec-
tronic medical records for each patient. Upon triaging, each patient
is assigned an ESI number for prioritization purposes. Higher acuity
patients are assigned an ESI level of “1” and lower acuity patients are
assigned an ESI level of “5.” Our study used LOS, which the Emergency
Department Benchmarking Alliance defines as “the interval from ED
arrival to ED departure,” because it is a universally recognized metric
of ED performance.” LOS was calculated from the point when patients
were registered in the ED to when patients were discharged from the
ED (LOS-D) or when patients were moved to inpatient beds (LOS-A).
Patients who were transferred to another hospital were not included in
the LOS-A or LOS-D metrics. In this study, we compared ED volumes on
a monthly basis from March 2018 to December 2020, defining ED vol-
ume for a given month as the median number of ED encounters across
all sites for that month.

For the purposes of the statistical analysis, the COVID-19 period is
defined as March 1, 2020 to December 31, 2020, and the pre-COVID-
19 periods are defined as that same time period (March through
December) in 2018 and 2019. Each month in the pre-COVID-19
period is compared to that same month in the COVID-19 period in
order to control for seasonal variability in LOS. For the pre-COVID-19
time period, data points include daily median LOS for March through
December 2018 and March through December 2019 for all sites. For
the COVID-19 time period, data points include daily median LOS for all
sites between March through December 2020.

2.3 | Outcomes

The goal of the study was to determine whether there was a change in
ED LOS during the COVID-19 pandemic time period compared to the
previous time period. The primary outcome of this study was ED LOS,
as defined by ED LOS for admitted patients (LOS-A) and LOS for dis-
charged patients (LOS-D).
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2.4 | Analysis

Primary data analyses were conducted at the site level, meaning that
individual patient data were aggregated at the site level. For analytic
purposes, median times for each of the LOS metrics were calculated
for each site per day as described previously. The analytic data set con-
tains the site identifier, date of service, patient volume, median LOS-A,
median LOS-D, and the percentage of patients in ESI levels 1 through 5
for each day. Using median values at the site level precludes the need
for overcleansing of data to remove records because of aberrant low
or high outlier values and is indicative of “typical” LOS times. A site
must have at least 1 day of data in each of the months of the study time
period in order to qualify for inclusion. A total of 56 sites were found to
have data for each month of the study period.

Analysis to assess significance of differences in LOS times from pre-
COVID-19 and COVID-19 times was conducted using generalized esti-
mating equation (GEE) models. GEE modeling was conducted using
Python stats models module 0.12.0 (available at http://www.python.
org). GEE models are a subset of generalized linear models and are used
to adjust standard errors when there is correlation within or between
observations.’® GEE modeling is superior to the ordinary least squares
(OLS) approach because it accounts for correlated data and corrects
for clustering in the standard errors. The correlated data arise from
both individuals clustered within EDs and data clustered longitudinally
over time. Analysis of correlated data using OLS methods may result
in artificially low variance and low P values.’? The GEE uses maximum
likelihood methods of estimating coefficients through a link function.
The correlation or covariance structure must be determined a priori,
although estimates are consistent despite incorrect specification.'® An
exchangeable correlation and gamma family structures are specified
for these analyses and are appropriate where data are presented in
clusters, longitudinally and where the dependent variable is presented
as positive and continuous.2%

The GEE model contains variables that the researchers believe
affect LOSs for both admitted and discharged patients, which include
ED patient acuity and volumes.*2122 Although controlling for these
variables, the model tests for significance of the COVID-19 time period
compared to the pre-COVID-19 time period. The COVID-19 time
period is a categorical variable where “1” is the COVID-19 time period
and “0” is the pre-COVID-19 time period. ED patient volume is a con-
tinuous variable. ESI levels are presented as percentages of each of the
5 ESl levels. In the GEE model, we use the pre-COVID-19 time period

and ESl level 5 as reference groups.

3 | RESULTS

3.1 | Characteristics of study subjects

Table 1 presents the characteristics of the encounters included in the
study sample. There were slightly more females than males repre-
sented in the ED encounters (54.3% were female and 45.7% were

male). The distribution of encounters among adult age groups was rela-

TABLE 1 Characteristics of emergency department encounters
and description of hospital location for study sample (March through
December 2018, 2019, 2020)

Encounters Encounters
(n) (%)
Gender
Female 3,272,842 54.3%
Male 2,758,459 45.7%
Disposition
Admit 1,163,000 19.3%
Discharge 4,698,491 77.9%
Transfer 169,810 2.8%
ESI Level®
1 53,435 0.9%
2 904,956 15.0%
3 3,234,974 53.6%
4 1,596,915 26.5%
5 179,082 3.0%
Age group
0-13 years 610,345 10.1%
14-17 years 182,962 3.0%
18-25years 658,688 10.9%
26-45 years 1,649,217 27.3%
46-64 years 1,442,447 23.9%
65+ years 1,451,713 24.1%
CMS Region-regional office (56)
Region 3—Philadelphia 141159 14.1%
Region 5—Chicago 1346479 22.3%
Region 7—Kansas City 51694 0.9%
Region 9—San Francisco 4100531 68.0%
Region 10—Seattle 391438 6.5%
Total 6,031,301 100%

aWithin each characteristic, total percentages may not sum up to 100
because of null values.

Abbreviations: CMS, Centers for Medicare & Medicaid Services; ESI, Emer-
gency Severity Index.

tively similar, although there were more ED encounters among younger
adult age groups (27.3% of all ED encounters were among 26-45 year
olds, with 46-65 year olds and 65+ year olds representing 23.9% and
24.1% of ED encounters, respectively). The vast majority of ED encoun-
ters were for discharged (or outpatient) encounters (77.9%), and 19.3%
of encounters were placed on observation status or admitted to inpa-
tient beds in the hospital. The remaining 2.8% patients were trans-
ferred to another facility and, therefore, not included in the data as pre-
viously described. Similarly, breakdown by ESI levels corroborates dis-
charge disposition data. Higher acuity patients (ESI levels 1 and 2) rep-
resented 15.9% of ED encounters, and lower acuity patients (ESI levels
3,4, and 5) represented 83.1% of ED encounters (1% of encounters did
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FIGURE 1 Emergency department volume by month with corresponding length of stay for admitted patients from 2018-2020. The

pre-COVID-19 time period is an average of 2018 and 2019 data. The COVID-19 time period is 2020 data. The vertical bars represent total

monthly ED volume in a given month, measured in encounters in a single month. The horizontal lines represent length of stay measured in minutes.

January and February data is represented for graphical purposes only. The GEE study data set contains only March through December data for
2018,2019, and 2020. Abbreviations: ED, emergency department; GEE, generalized estimating equation; LOS-A, length of stay, admitted

not have an ESI level in the data file abstracted from emergency medi-
cal records).

The 56 ED facilities in the study represent 5 of the 10 CMS regions
nationally. The majority of the ED encounters included in the study
sample are from CMS Region 9—San Francisco (68.0%) followed by
Region 5—Chicago (22.3%) (Table 1). All ED facilities were from com-
munity hospitals.

4 | MAIN RESULTS

For the LOS-A, the GEE results showed significant, positive relation-
ships for the COVID-19 period, ED encounters, and the percentages
of patients who are ESI 1 and 2 (Table 2). This means that the LOS-A
was significantly longer during the COVID-19 period compared to
the pre-COVID-19 time period (Figure 1). Taking the exponentiated
sum of the intercept and COVID-19 estimates, LOS-A was 28 minutes
(geometric mean) longer during the COVID-19 time period than
during the pre-COVID-19 time period. Taking the exponent of the
COVID-19 estimate alone shows that, with all other variables being
equal, patients in the COVID-19 pandemic period showed a 10.3%
higher LOS-A than during the pre-COVID-19 time period.

For the LOS-D, the GEE results showed significant, positive
relationships for the COVID-19 period, ED encounters, and the
percentages of patients who are ESI 1, 2, and 3 (Table 3). Sim-
ilarly, the LOS-D was significantly higher during the COVID-19
period by 2 minutes (geometric mean) compared to the pre-
COVID-19 time period (Figure 2). Taking the exponent of the

TABLE 2 Generalized estimating equation model for length of

stay for admitted patients

Estimate SE z P
Intercept 5.589 0.13 44,05 ek
Pre-COVID-19 period (Reference category)
COVID-19 period 0.098 0.02 6.11 ok
ED encounters 0.001 0.00 4.89 o
%ESI 1 0.007 0.00 2.67 o
% ESI 2 0.003 0.00 2.18 >
%ESI 3 0.000 0.00 0.08
% ESI 4 0.000 0.00 -0.18
% ESI 5 (Reference category)

P <0.01; **P < 0.05; *P < 0.10.
Abbreviations: ED, emergency department; ESI, Emergency Severity Index.

COVID-19 estimate alone shows that, with all other variables
being equal, patients in the COVID-19 pandemic period demon-
strated a 2.8% higher LOS-D than during the pre-COVID-19 time
period.

5 | LIMITATIONS

One limitation of this study is that we were unable to collect any
inpatient data from our study hospitals specifically regarding inpa-
tient bed availability and the percentage of inpatient beds occupied by
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FIGURE 2 Emergency department volume by month with corresponding length of stay for discharged patients from 2018-2020. The

pre-COVID-19 time period is an average of 2018 and 2019 data. The COVID-19 time period is 2020 data. The vertical bars represent total
monthly ED volume in a given month, measured in encounters in a single month. The horizontal lines represent length of stay measured in minutes.
January and February data is represented for graphical purposes only. The GEE study data set contains only March through December data for
2018,2019, and 2020. Abbreviations: ED, emergency department; GEE, generalized estimating equation; LOS-D, length of stay, discharged

TABLE 3 Generalized estimating equation model for length of
stay for discharged patients

Estimate SE z P

Intercept 4.297 0.08 53.74 o
Pre-COVID 19 period (Reference category)

COVID-19 period 0.028 0.01 3.35 o
ED encounters 0.002 0.00 9.13 e
%ESI 1 0.015 0.00 9.32 o
% ES| 2 0.010 0.00 9.31 o
%ESI 3 0.007 0.00 8.87 o
% ES| 4 0.001 0.00 172

% ESI5 (Reference category)

***P <0.01; **P < 0.05; *P < 0.10.
Abbreviations: ED, emergency department; ESI, Emergency Severity Index.

patients with COVID-19, a metric that has previously been shown in
several studies to strongly affect LOS-A.232% Instead, we did attempt
to address this by taking data from the US Department of Health
and Human Services (HHS) and the COVID Tracking Project in order
to explain the increase in LOS-A as a function of ED volume.2>-27
Another limitation is that we were unable to collect data regarding
nurse staffing, specifically nursing hours worked as a function of time,
number of furloughs, and number of nursing call-offs. Having such data
may have been useful in determining if and how much nurse staffing
had any correlation with LOS. Lastly, it should be noted that our data

comes from only 5 of 10 CMS regions, the majority (68%) of which
are fromregion 9 (San Francisco), which could potentially threaten the

external validity of this study.

6 | DISCUSSION

As has been seen in prior literature, our study found a precipitous
reduction in ED patient volumes from March 2020 onward when com-
pared to the previous 2 years (Figures 1 and 2).14 Given that ED patient
volumes has been shown to increase LOS,* we hypothesized that a
reduction in ED volume amid the COVID-19 pandemic would correlate
with areductionin LOS-A and LOS-D. On the contrary, the GEE showed
that both ED LOS-A and LOS-D had significantly increased during the
COVID-19 period.

During the first 2 months of the COVID-19 period (March and April
2020), LOS-A and LOS-D actually decreased more than in the pre-
COVID-19 period (Figures 1 and 2). There are several possibilities
for this observation. First, in preparation for a surge of patients with
COVID-19, many EDs constructed medical tents outside the depart-
ment for rapid triage and treatment of patients with suspected COVID-
19.2829 Second, many hospitals across the United States cancelled
or postponed elective surgeries in March and April to preserve inpa-
tient beds,° which could have decreased the LOS-D, as elective surgi-
cal admissions have been shown to be associated with prolonged ED
LOS.31 However, despite hospitals and EDs taking these precautions,
ED volumes dropped by 40%-60% in March and April of 2020.14:21.32
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Third, ED staffing remained at prepandemic levels during those same
months, which led to more staff being available to care for fewer
patients.2228 As has been shown before by Ramsey et al.,2? there is a
direct relationship between ED nurse staffing and LOS; the more nurs-
ing hours, the shorter the LOS.

As the pandemic continued into May and beyond, LOS-A and LOS-
D increased above the levels as expected from the pre-COVID-19
period, and this trend continued for the remainder of 2020 (Fig-
ures 1 and 2). One of the biggest contributing factors to this trend
may have been hospital overcrowding due to rising COVID-19 admis-
sion rates. Based on data from the HHS and the COVID Tracking
Project, the rates of inpatient hospitalization due to COVID-19 rose
across the United States in April and May 2020.2°-27 This has likely
contributed to a nationwide reduction in inpatient bed availability,
which numerous studies have shown to have the strongest correla-
tion with ED LOS-AZ324; the less inpatient bed availability, the longer
the LOS-A.

Changes in the proportion of high versus low acuity ED encounters
during the pandemic also may have contributed to an increase in LOS.
The GEE showed that an increase in the number of ESI 1 and 2 level
encounters was associated with an increase in LOS-D, with an even
stronger associated increase with LOS-A (Tables 2 and 3). This finding
can be corroborated by multiple prior studies looking at ESl as it relates
to LOS.3334 A prior study by Lucero et al. using a very similar cohort
of EDs found that the proportion of ESI 1 and 2 encounters increased
by 2.4% after March 16, 2020,'* suggesting that a proportional
increase in lower ESI encounters may have contributed to an increase
in LOS.

Infection control measures, although necessary, also may have had
detrimental effects on ED LOS. For example, hospitals limiting visi-
tation may have delayed the ability to obtain collateral information
and have goals of care discussions, therefore keeping patients in the
ED for longer periods of time.3>~38 New COVID-19 testing protocols
for patients arriving by ambulance before entering the ED may have
delayed emergency medical services offloading times.2? Decontami-
nating imaging rooms and the proper donning and doffing of personal
protective equipment create inherent delays in care.2%:3?

The financial strain of preparing ED and inpatient units for the
COVID-19 pandemic may have also put pressure on hospitals to cut
down on staffing. The unexpected drop in patient volume, coupled with
suspending elective procedures, resulted in a lost income of $202 bil-
lionto hospitals, with a projected additional loss of $120 billion through
December, according to the American Hospital Association.*~42 Out-
door tent triage and treatment systems, although necessary, were
costly, with 1 hospital system citing a cost of $100,000 per tent.2®
All of these factors combined put financial pressure on hospitals,
eventually forcing them to furlough both inpatient and ED staff in
an attempt to ameliorate further financial losses.*143-46 More than
1.5 million healthcare jobs were lost from February through April
2020.%7 To further complicate this issue, healthcare workers are at
significantly increased risk of becoming exposed to and/or contract-

ing COVID-19,*8 meaning that at any given time, a certain number of

staff members will likely be unable to work due to either illness or
the need to quarantine. If staff members are furloughed, there is a
smaller pool available to cover sick call-outs. This leads to decreased
nursing hours, which has already been shown to further increase
ED LOS.#?

In summary, ED LOS-A and LOS-D increased during the COVID-19
pandemic when compared to previous years, which is particularly con-
cerning given that ED volumes have dropped by as much as 60% at their
nadir.1*32 A myriad of factors may have ultimately contributed to this
finding, many of which are either directly related or done in response to
the COVID-19 pandemic. However, it is difficult to draw any direct con-
clusions about their effect on ED LOS given the retrospective design of
this study.
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