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The impact of the COVID-19 pandemic
on in-hospital mortality in patients
admitted through the emergency
department
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Hyunggoo Kang, Tae Ho Lim, Byuk Sung Ko

Department of Emergency Medicine, Hanyang University College of Medicine, Seoul, Korea

Objective The COVID-19 pandemic might have adversely affected outcomes of patients in emer-
gency departments (EDs). The aim of this study is to evaluate the impact of the COVID-19 pan-
demic on in patients admitted through the emergency department.

Methods This study is a single-center, retrospective, observational cohort study. We compared
the prognosis of patients admitted through the ED before the COVID-19 pandemic (November
2018 to June 2019) and after COVID-19 (November 2020 to June 2021). The primary outcome
was in-hospital mortality. Multivariable logistic regression analysis was performed to determine
whether the COVID-19 pandemic was independently associated with patient prognosis.

Results The number of patients admitted through the ED before and after COVID-19 was 5,333
and 4,625, respectively. The mean ED length of stay before and after COVID-19 was 401 and 442
minutes, respectively (P<0.001). The number of in-hospital deaths before and after COVID-19
were 269 (5.0%) and 322 (7.0%), respectively (P < 0.001). Multivariable logistic regression analy-
sis showed that the COVID-19 period was significantly associated with higher in-hospital mor-
tality (adjusted odds ratio, 1.37; 95% confidence interval, 1.12-1.67; P=0.002).

Conclusion In the COVID-19 period, in-hospital mortality increased compared to that before
COVID-19 among hospitalized ED patients.

Keywords Hospital emergency service; COVID-19; Mortality

Capsule What is already known

Numerous studies demonstrate the association between a prolonged stay in
the emergency department and a poor outcome. However, there are few studies
on the effect of COVID-19 on in-hospital mortality.

Summary

What is new in the current study

The COVID-19 period was significantly associated with increased in-hospital
mortality among hospitalized patients via the emergency department. Howev-
er, further research is required about what factors affected the outcome.
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INTRODUCTION

The COVID-19 pandemic brought many changes to the medical
environment and processes of emergency departments (EDs). The
total number of patients visiting the ED decreased significantly
during the COVID-19 period, although the proportion of admitted
patients increased in one study [1]. The COVID-19 pandemic in-
creased the number of people leaving emergency rooms without
being seen [2,3]. One study found that ED length of stay (LOS)
was significantly longer during the COVID-19 period than before,
despite a smaller volume of patients in the COVID-19 period [4].
The time to provide medical care to patients was delayed due to
concerns about the spread of COVID-19 in hospitals [5]. Admis-
sion to most Korean hospitals was allowed only after confirming
negative COVID-19 polymerase chain reaction (PCR) results and
isolating accordingly. In one study, PCR-based testing on admis-
sion was an effective component of COVID-19 diagnosis and re-
duced risk of in-hospital transmission [6]. During the pandemic,
there were many efforts to decrease the time to a COVID-19 test
result [7,8]. Nevertheless, the ED LOS for patients admitted
through the ED continued to increase [4].

A number of studies have shown that the longer the LOS in
the ED, the worse the patient's outcome, because longer ED LOS
often involves delay of timely and appropriate interventions,
which increases condition severity and risk for poor outcomes
[9-13]. Such treatment delays might have contributed to the de-
velopment of time-dependent complications and subsequently
higher intensive care unit (ICU) or general ward (GW) mortality
[14]. For situations requiring urgent treatment, admission delays
may worsen patient prognosis [15,16].

We hypothesized that COVID-19 had negative effects on pa-
tient prognosis. The purpose of this study was to determine wheth-
er there was a difference in in-hospital mortality among patients
admitted through the ED before and after the COVID-19 pande-
mic.

METHODS

Ethical statements

The Institutional Review Board of Hanyang University Seoul Hos-
pital of Korea approved the study (No. 2021-09-018). The require-
ment for informed consent was waived due to the observational
nature of this study.

Study design and population
This is a retrospective observational cohort study conducted from
November 2018 to June 2019 and from November 2020 to June
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2021. This is a before-and-after study to compare differences be-
fore and after the COVID-19 pandemic. The study included adults
over 18 years of age who visited the ED of a university-affiliated
hospital located in Seoul, Korea. Data from patients admitted to
the GW or ICU through the ED were extracted through chart re-
view. All patients in the COVID-19 era who were admitted through
the ED underwent COVID-19 PCR testing and were isolated ac-
cordingly. When COVID-19-related symptoms or epidemiological
suspicions were observed and hospitalization was judged to be
necessary, a routine PCR test or rapid molecular test (Xpert Xpress
SARS-CoV-2, Cepheid) was performed. Results were obtained af-
ter 8 or 2 hours for routine PCR and rapid PCR, respectively. Ex-
clusion criteria were direct transfer to another hospital from the
ED, invalid admission code data, and do-not-resuscitate (DNR)
orders.

Definitions and outcomes

The time-before-COVID-19 group included patients admitted to
the GW or ICU through the ED of our hospital between November
2018 to June 2019. The after-COVID-19 group included patients
admitted to the GW or ICU through the ED between November
2020 to June 2021. From November 2020, COVID-19 PCR was
performed on all patients admitted to the GW or ICU through the
ED. Only when the PCR test was negative was a patient admitted
to the GW or ICU. PCR-positive patients were admitted to the
COVID-19 isolation ward. The primary outcome of the study was
in-hospital mortality. Secondary outcomes were ED LOS, use of
mechanical ventilation, vasopressor use, continuous renal replace-
ment therapy (CRRT), and ICU admission.

Statistical analysis

The study data are reported as mean + standard deviation or me-
dian with interquartile range for continuous variables as appro-
priate. Student t-test or the Mann-Whitney U-test was used to
compare continuous variables. The chi-square test and Fisher ex-
act test were used to compare categorical variables, the results of
which are reported as absolute or relative frequency. A logistic
regression model was used to assess the independent association
of after COVID-19 period on in-hospital mortality, with multivari-
able adjustment for confounding variables that were significant
in univariable analyses. Variables yielding P-values <0.1 in uni-
variable analysis were entered into a backward multivariable lo-
gistic regression analysis. A P-value of <0.05 was considered sig-
nificant. All statistical analyses were performed using SPSS ver.
18 (SPSS Inc).
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RESULTS

Participant characteristics

A total of 5,455 patients was screened by chart review from No-
vember 2018 to June 2019. Of these, 49 patients with invalid ad-
mission code data, 22 patients who were directly transferred from
the ED to another hospital, and 51 patients with DNR orders were
excluded. Finally, 5,333 patients were included in the before-CO-
VID-19 group. Of the 4,761 patients who were screened by chart
review from November 2020 to June 2021, 77 with invalid data,
19 directly transferred from the ED to another hospital, and 40
with DNRs were excluded. Finally, 4,625 patients were included
in the after-COVID-19 group (Fig. 1).

The mean age of patients in the before-COVID-19 and after-
COVID-19 groups was 60.2 and 62.6 years, respectively (Table 1).
The mean ED LOS in the after-COVID-19 group was significantly
longer than in the before-COVID-19 group (442 minutes vs. 401
minutes, P<0.001). The number of patients who received me-
chanical ventilation was 355 (6.7%) before COVID-19 and 195
(4.2%) after COVID-19 (P<0.001). In-hospital mortality before
and after COVID-19 was 269 (5.0%) and 322 (7.0%), respectively
(P<0.001). The other baseline characteristics of the study popu-
lation are summarized in Table 1. During the COVID-19 period,
there were 65 COVID-19 cases (1.4% of all cases), of whom 14
died (4.3% of all deaths). There were 2,284 (42.8%) and 2,238
patients (48.4%) admitted to internal medicine before and after
COVID-19, respectively (Supplementary Table 1). The number of
patients admitted to general surgery before and after COVID-19
was 425% and 4330%, respectively.

5,455 Consecutive adult patients who

were admitted to ward or ICU

through the ED before COVID-19

122 Excluded
49 Invalid data
22 Transfer to another hospital
51 Patients with DNR

5,333 Finally included patients

before COVID-19

COVID-19 on in-hospital mortality

Multivariable logistic regression analysis to predict
outcomes

To examine the effect of the COVID-19 pandemic on patient in-
hospital mortality, multivariable logistic regression was performed
(Tables 2, 3). The COVID-19 pandemic was significantly associated
with higher in-hospital mortality (adjusted odds ratio [aOR], 1.37;
95% confidence interval [CI], 1.12-1.67; P=0.002). Old age, heart
rate, total bilirubin, creatinine, and lactate level were also inde-
pendently associated with higher in-hospital mortality (aOR, 1.03,
1.01, 1.06, 1.08, and 1.14, respectively), as were systolic blood pres-
sure and albumin (aOR, 0.99 and 0.35, respectively; both P<0.001).
Additionally, we performed multivariable logistic regression anal-
ysis for factors predicting secondary outcomes. The COVID-19
pandemic was significantly associated with lower mechanical
ventilator application, vasopressor use, and CRRT application (aOR,
0.45,0.77, and 0.71, respectively; P<0.001, P=0.002, and P=0.031,
respectively) (Supplementary Tables 2-4). However, the COVID-19
pandemic was not associated with increased ICU admission (aOR,
0.86; 95% Cl, 0.74-1.01; P=0.06) (Supplementary Table 5).

Subgroup analysis

Patients transferred from external hospitals were excluded, and
only patients who directly visited the ED were analyzed. In-hospi-
tal mortality in the after-COVID-19 group was significantly high-
er than in the before-COVID-19 group (6.7% vs. 4.5%, P<0.001)
(Table 4). ED LOS of the direct ED-visited group was 413 +423
minutes before COVID-19 and 467 + 406 minutes after COVID-19
(P<0.001). Significantly more patients presenting directly to our
ED were treated with mechanical ventilation in the before-COV-
ID-19 patient group than in the after-COVID-19 patient group
(6.1% vs. 3.3%, P < 0.001).

4,761 Consecutive adult patients who
were admitted to ward or ICU
through the ED after COVID-19

136 Excluded
77 Invalid data

19 Transfer to another hospital

40 Patients with DNR

4,625 Finally included patients
after COVID-19

Fig. 1. Flow chart of study participants. ICU, intensive care unit; ED, emergency department; DNR, do not resuscitate.
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Table 1. Baseline characteristics of patients

Before After
COVID-19 COVID-19 P-value
(n=5,333) (n=4,625)

Characteristic

Age (yr) 60.2+19.0 62.6+18.7 <0.001
Male sex 2,758 (51.7) 2,346 (50.7) 0.325
Comorbidity
Hypertension 1,341 (25.1) 1,235 (26.7) 0.077
Diabetes mellitus 858 (16.1) 810 (17.5) 0.060
Chronic kidney disease 177 (3.3) 174 (3.8) 0.253
Heart failure 104 (2.0) 116 (2.5) 0.065
Liver cirrhosis 43 (0.8) 54 (1.2) 0.082
Chronic lung disease 281 (5.3) 266 (5.8) 0.311
Vital sign

Systolic blood pressure (nmHg) 133.0£28.0  135.0+33.0 0.001
Diastolic blood pressure (mmHg) ~ 75.0+18.0 79.0£21.0  <0.001

Heart rate (beats/min) 88.0+21.0 89.0+23.0 0.363
Respiratory rate (breaths/min) 19.4+55 19.3+5.1 0.316
Laboratory finding
White blood cells (10°/L) 10.4+9.5 10.5+5.6 0.349
Hemoglobin (g/dL) 12.8+2.5 12.4+25 <0.001
Platelets (10%/L) 221.0+£89.0 221.0+£92.0 0.734
Total bilirubin (mg/dL) 1.2+23 1.2+23 0.850
Albumin (d/dL) 3.810.6 3.810.6 0.237
Blood urea nitrogen (mg/dL) 222+19.7 239+21.1 <0.001
Creatinine (mg/dL) 12+1.7 13+1.6 0.198
Sodium (mmol/L) 136.0+£5.0 136.0+£5.0 0.892
Potassium (mmol/L) 39+06 40+0.7 <0.001
Lactate (mmol/L) 22+2.8 22+24 0.733
Time variable
ED stay (min) 401.0+£447.0 442.0+4000 <0.001
Hospital stay (day) 12.8+16.1 12.0+15.0 0.008
Outcome
In-hospital mortality 269 (5.0) 322 (7.0) <0.001
Mechanical ventilation 355 (6.7) 195 (4.2) <0.001
Norepinephrine use 548 (10.3) 447 (9.7) 0315
ICU admission 1,203 (22.6) 1,047 (22.6) 0.943
CRRT 168 (3.2) 126 (2.7) 0.213

Values are presented as mean+standard deviation or number (%). Continuous
variables were compared by the Wilcoxon rank-sum test and categorical vari-
ables were compared by the chi-squared test.

ED, emergency department; ICU, intensive care unit; CRRT, continuous renal re-
placement therapy.

We also compared outcomes of patients admitted to the ICU.
Before COVID-19, 1,203 patients were admitted to the ICU from
the ED; this number was 1,047 patients after COVID-19 (Table 5).
The mean ED LOS was 425+ 451 minutes before COVID-19 and
451 + 460 minutes after COVID-19 (P=0.201). Mechanical venti-
lation was used significantly more often before COVID-19 than
after (28.3% vs. 16.5%, P<0.001). In-hospital deaths before and
after COVID-19 were 187 (15.5%) and 188 (18.0%), respectively
(P=0.14).
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Table 2. Univariate logistic regression analysis of in-hospital mortality

Variable Odds ratio P-value
(95% confidence interval)
Age 1.04 (1.03-1.05) <0.001
Male sex 1.23 (1.04-1.46) 0.014
Hypertension 1.25 (1.04-1.50) 0.015
Diabetes mellitus 1.42 (1.16-1.74) 0.001
Chronic kidney disease 1.28 (0.58-1.93) 0.236
Heart failure 2.28 (1.51-3.43) <0.001
Liver cirrhosis 1.84 (0.95-3.55) 0.071
Chronic lung disease 1.65 (1.22-2.23) <0.001
Systolic blood pressure 0.98 (0.98-0.99) <0.001
Diastolic blood pressure 0.98 (0.98-0.98) <0.001
Heart rate 1.01 (1.01-1.01) <0.001
White blood cells 1.02 (1.01-1.02) <0.001
Platelets 1.00 (0.99-1.00) <0.001
Hemoglobin 0.79 (0.77-0.82) <0.001
Blood urea nitrogen 1.02 (1.02-1.03) <0.001
Albumin 0.22 (0.20-0.25) <0.001
Total bilirubin 1.1 (1.08-1.13) <0.001
Creatinine 1.15 (1.12-1.20) <0.001
Lactate 1.18 (1.15-1.21) <0.001
After COVID-19 1.41 (1.19-1.67) <0.001

Table 3. Multivariable logistic regression analysis of in-hospital mortality

Adjusted odds ratio

TR (95% confidence interval) FEIE
Age 1.03 (1.02-1.04) <0.001
Male sex 0.91 (0.74-1.11) 0.334
Systolic blood pressure 0.99 (0.99-1.00) <0.001
Heart rate 1.01 (1.00-1.01) 0.007
White blood cell 1.01 (1.00-1.03) 0.059
Hemoglobin 1.04 (1.00-1.09) 0.077
Platelet 1.00 (1.00-1.00) 0.358
Albumin 0.35 (0.29-0.42) <0.001
Total bilirubin 1.06 (1.04-1.09) <0.001
Creatinine 1.08 (1.03-1.13) 0.001
Lactate 1.14 (1.11-1.18) <0.001
After COVID-19 1.37 (1.12-1.67) 0.002

Multivariable adjustment for confounding variables that were significant in uni-
variate analysis. Variables yielding P-values less than 0.1 in univariate analysis

were entered into a backward multivariable logistic regression analysis.

DISCUSSION

After adjusting for confounding variables, in-hospital mortality of
patients admitted through the ED in the after-COVID-19 period
was significantly higher than before the COVID-19 period. Alth-
ough we could not compare severity between the two groups,
there were no differences in the proportion of vasopressor or
CRRT use before and after COVID-19. Rather, the proportion of
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Table 4. Comparison of outcomes before and after COVID-19 in pa-
tients presenting directly to emergency departments

Before COVID-19 After COVID-19

Outcome (n=3.260) (n=3.285) P-value
Emergency department stay (min) 413+423 467 +406 <0.001
In-hospital mortality 147 (4.5) 220 (6.7) <0.001
Mechanical ventilation 198 (6.1) 107 (3.3) <0.001
Norepinephrine use 249 (7.6) 281 (8.6) 0.189
Intensive care unit admission 554 (17.0) 665 (20.2) 0.001
Continuous renal replacement 77 (2.4) 82 (2.5) 0.748

therapy

Values are presented as mean + standard deviation or number (%).

patients receiving mechanical ventilation was significantly lower
after COVID-19 than before, although in-hospital mortality was
higher. The number of patients admitted to the ICU from the ED
did not differ significantly before and after COVID-19.

We investigated changes between the before-COVID-19 and
after-COVID-19 periods for ED LOS and prognosis of patients ad-
mitted through the ED. Several studies have reported an associa-
tion between ED LOS and patient prognosis. Furthermore, associ-
ations between COVID-19 and ED LOS have been reported [1,4,
17-19]. The sample size of this study is relatively large. Another
strength of our study is that the treatment protocol was consis-
tent for all patients given the single-center study design. Although
severity could not be directly compared between the time points,
the variables that could affect patient prognosis did not show a
statistical difference between the two periods, and some variables
with a difference did not appear to have a clinical effect.

There are several possible explanations for a patient's poor prog-
nosis during the after-COVID-19 period. Since the spread of CO-
VID-19, more people are staying at home to maintain social dis-
tance. Meanwhile, the numbers of remote treatments and post-
poned scheduled treatments are increasing [20]. In addition to
the shift toward remote treatment, COVID-19 has also impacted
hospital admissions and visits unrelated to COVID-19 itself [21].
Studies in Spain and Italy have shown a reduction in hospitaliza-
tions and procedures related to myocardial infarction and acute
coronary syndrome [22,23]. Thus, it is possible that these patient
did not receive timely treatment before their conditions wors-
ened, and the severity was already high when patients arrived at
the ED. In addition, as shown in an out-of-hospital cardiac arrest
study, the longer the prehospital transport time, the worse the
patient's treatment outcome [24]. In patients who visited the ED
for other conditions, the delay in prehospital transport due to lack
of isolation rooms might be the cause of increased in-hospital
mortality. However, our data do not have information about pre-
hospital transport time and cannot be verified. Changes in the
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Table 5. Comparison of outcomes before and after COVID-19 in pa-
tients admitted to the intensive care unit

Before COVID-19 After COVID-19

Outcome (n=1.203) (n=1.047) P-value
Emergency department stay (min) 425+ 451 451+460 0.201
In-hospital mortality 187 (15.5) 188 (18.0) 0.140
Mechanical ventilation 341 (28.3) 173 (16.5) <0.001
Norepinephrine use 467 (38.8) 386 (36.9) 0.360
Continuous renal replacement 162 (13.5) 115 (11.0) 0.082

therapy

Values are presented as mean + standard deviation or number (%).

number and proportion of patients by hospital department before
and after COVID-19 may also be associated with an increase in
in-hospital mortality after COVID-19. Compared with the before-
COVID-19 period, the number and proportion of internal medi-
cine and general surgery inpatients increased after the COVID-19
pandemic. However, it is difficult to conclude that the increase in
the number of patients admitted to internal medicine and general
surgery in the after-COVID-19 period is the cause of the increase
in in-hospital mortality without adjustment for severity or diag-
nosis. Increased workload, lack of rest, and fear of infection or in-
fecting others were observed in the after-COVID-19 period, espe-
cially among healthcare workers in the ED and ICU [25]. These
factors might adversely affect in-hospital patient care in the af-
ter-COVID-19 period.

Several studies have shown that ED crowding and long ED LOS
are associated with poor patient prognosis, hospital LOS, and cost
[10]. ED crowding increases the waiting time to enter the ED,
which delays the final diagnostic test or definitive treatment. In
our hospital, patients had to wait in the ED until their PCR test re-
sults were confirmed, and due to a lack of isolation beds, ED
crowding increased. The wait time from ED arrival to meet with
medical staff also seemed to increase, leading to an increased ED
LOS. Similar to another study, the number of patients who left the
ED without being seen was significantly higher after COVID-19 in
our hospital [3]. A main reason for leaving without being seen
was the long waiting time from arrival to ED entrance. In our hos-
pital, people arrived at the ED but were often not registered im-
mediately if there were many waiting patients. In these instances,
although not specifically calculated, it is estimated that the actual
ED LOS was longer in the period after COVID-19. Frequent shifts
between nurses and doctors can impede continuity of care and
prioritize new patients, resulting in poor-quality care. PCR testing
is essential for COVID-19 diagnosis, and as the number of con-
firmed COVID-19 patients in Korea increased, most Korean hospi-
tals were admitting patients to the GW or ICU after confirming
their test results [26]. One study showed that the time spent in
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the ED increased after COVID-19 compared with before COVID-19
[27]. In that study, it was suggested that the cause of the increase
in LOS and ED crowding was the time needed to obtain results
from the COVID-19 PCR test. A study that analyzed changes in el-
derly patients before and after COVID-19 onset reported that the
number of ED visits decreased after COVID-19, but that mortality
increased, possibly due to the screening process or testing to dif-
ferentiate between infected and noninfected patients [28].

This study has several limitations. First, because this is a single-
center retrospective analysis, our results cannot be generalized to
other medical institutions. Nevertheless, this single-center study
has the advantage of a consistent treatment protocol, limiting
the effect of treatment on patient outcomes. There is no interna-
tional guideline stating that PCR results of all patients should be
verified prior to admission from the ED to a ward or ICU. There-
fore, it is not appropriate to generalize our findings regarding in-
creased ED LOS to other medical institutions and other countries.
Second, severity scores that could affect patient prognosis, such
as sequential organ failure assessment score or acute physiology
and chronic health evaluation scores, could not be analyzed. How-
ever, underlying disease, vital signs, and blood test results that
might affect patient prognosis showed no clinically significant
difference between the two groups. Moreover, proportions of va-
sopressor and CRRT use were not significantly different between
the before-COVID-19 and after-COVID-19 periods. Considering
that the frequency of mechanical ventilation has decreased since
COVID-19, in-hospital mortality has not seemed to increase due
to differences in severity. Finally, it cannot be concluded that an
increase in ED LOS leads to an increase in in-hospital mortality.
Variables that could affect a patient's in-hospital mortality were
adjusted through multivariable analysis; however, it is uncertain
whether the adjustment is sufficient due to the possibility of un-
measured confounders. In addition, we cannot infer causality with
our findings.

In conclusion, the after-COVID-19 period was significantly as-
sociated with increased in-hospital mortality among patients hos-
pitalized via the ED. This study suggests that the outcome of ED
patients might worsen during the COVID-19 pandemic, but fur-
ther research is required about what factors affected the outcome.

SUPPLEMENTARY MATERIALS

Supplementary Table 1. Comparison of the number of hospital-
ized patients by department before and after COVID-19
Supplementary Table 2. Multivariable logistic regression analysis
of mechanical ventilator use

Supplementary Table 3. Multivariable logistic regression analysis

Clin Exp Emerg Med 2023;10(1):92-98

CEEM

Supplementary Table 4. Multivariable logistic regression analysis

of Vvasopressor use

of continuous renal replacement therapy

Supplementary Table 5. Multivariable logistic regression analysis
of intensive care unit admission

Supplementary materials are available at https://doi.org/10.15441/
ceem.22.359.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article are re-
ported.

FUNDING

This research was supported by the Bio and Medical Technology
Development Program of the National Research Foundation of
Korea (NRF) funded by the Ministry of Science and ICT of Korea
(No. NRF-2019M3E5D1A01066060).

AUTHOR CONTRIBUTIONS

Conceptualization: THL, BSK; Data curation: CK, JL; Formal analy-
sis: CK, JL; Funding acquisition: JO, HK; Investigation: JO, HK; Meth-
odology: BSK; Project administration: BSK, CK; Resources: THL,
CK; Software: THL, JO, HK; Supervision: JO, HK; Validation: JO, HK;
Visualization: CK, JL, YC; Writing-original draft: CK, YC, JO, HK;
Writing-review &t editing: HK, THL, YC, BSK. All authors read and
approved the final manuscript.

ORCID

https://orcid.org/0000-0002-2524-2650
https://orcid.org/0000-0003-3058-4759

Changgyun Kim
Juncheol Lee

Yongil Cho https://orcid.org/0000-0001-5027-6345
Jaehoon Oh https://orcid.org/0000-0001-8055-1467
Hyunggoo Kang https://orcid.org/0000-0002-9522-2532
Tae Ho Lim https://orcid.org/0000-0003-1045-413X

Byuk Sung Ko https://orcid.org/0000-0002-4212-2255

REFERENCES

1. Boserup B, McKenney M, Elkbuli A. The impact of the COV-
ID-19 pandemic on emergency department visits and patient
safety in the United States. Am J Emerg Med 2020;38:1732-6.

2. Panovska-Griffiths J, Ross J, Elkhodair S, Baxter-Derrington C,
Laing C, Raine R. Exploring overcrowding trends in an inner

97



CEEM

city emergence department in the UK before and during CO-
VID-19 epidemic. BMC Emerg Med 2021;21:43.

3. Kim D, Jung W, Yu JY, et al. Effect of fever or respiratory symp-
toms on leaving without being seen during the COVID-19 pan-
demic in South Korea. Clin Exp Emerg Med 2022;9:1-9.

4. Lucero A, Sokol K, Hyun J, et al. Worsening of emergency de-
partment length of stay during the COVID-19 pandemic. J Am
Coll Emerg Physicians Open 2021;2:212489.

5. O'Reilly GM, Mitchell RD, Mitra B, et al. Impact of patient iso-
lation on emergency department length of stay: a retrospec-
tive cohort study using the Registry for Emergency Care. Emerg
Med Australas 2020;32:1034-9.

6. Kruger S, Leskien M, Schuller P, et al. Performance and feasi-
bility of universal PCR admission screening for SARS-CoV-2
in a German tertiary care hospital. J Med Virol 2021;93:2890-8.

7. Peeling RW, Olliaro P. Rolling out COVID-19 antigen rapid di-
agnostic tests: the time is now. Lancet Infect Dis 2021;21:
1052-3.

8. Boum Y, Fai KN, Nikolay B, et al. Performance and operational
feasibility of antigen and antibody rapid diagnostic tests for
COVID-19 in symptomatic and asymptomatic patients in Cam-
eroon: a clinical, prospective, diagnostic accuracy study. Lan-
cet Infect Dis 2021;21:1089-96.

9. Garcia-Gigorro R, de la Cruz Vigo F, Andres-Esteban EM, et al.
Impact on patient outcome of emergency department length
of stay prior to ICU admission. Med Intensiva 2017;41:201-8.

10. Sun BC, Hsia RY, Weiss RE, et al. Effect of emergency depart-
ment crowding on outcomes of admitted patients. Ann Emerg
Med 2013;61:605-11.

11. White BA, Biddinger PD, Chang Y, Grabowski B, Carignan S,
Brown DF. Boarding inpatients in the emergency department
increases discharged patient length of stay. J Emerg Med 2013;
44:230-5.

12. Ye L, Zhou G, He X, Shen W, Gan J, Zhang M. Prolonged length
of stay in the emergency department in high-acuity patients
at a Chinese tertiary hospital. Emerg Med Australas 2012;24:
634-40.

13. McKenna P, Heslin SM, Viccellio P, Mallon WK, Hernandez C,
Morley EJ. Emergency department and hospital crowding: causes,
consequences, and cures. Clin Exp Emerg Med 2019;6:189-95.

14. Cardoso LT, Grion CM, Matsuo T, et al. Impact of delayed ad-
mission to intensive care units on mortality of critically ill pa-
tients: a cohort study. Crit Care 2011;15:R28.

15. Zhang Z, Bokhari F, Guo Y, Goyal H. Prolonged length of stay
in the emergency department and increased risk of hospital
mortality in patients with sepsis requiring ICU admission. Emerg
Med J 2019;36:82-7.

98

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

COVID-19 on in-hospital mortality

Chalfin DB, Trzeciak S, Likourezos A, Baumann BM, Dellinger
RP; DELAY-ED study group. Impact of delayed transfer of crit-
ically ill patients from the emergency department to the in-
tensive care unit. Crit Care Med 2007;35:1477-83.

Tsai LH, Chien CY, Chen CB, et al. Impact of the coronavirus
disease 2019 pandemic on an emergency department service:
experience at the largest tertiary center in Taiwan. Risk Man-
ag Healthc Policy 2021;14:771-7.

Alotaibi R, Alahmari A, Ababtain |, et al. The effect of COV-
ID-19 on the characteristics of adult emergency department
visits: a retrospective cohort tertiary hospital experience in
Riyadh. J Infect Public Health 2022;15:132-7.

Chang H, Kang MW, Paek SH. Impact of the COVID-19 pan-
demic on emergency department utilization patterns in South
Korea: a retrospective observational study. Medicine (Balti-
more) 2022:101:¢29009.

Webster P. Virtual health care in the era of COVID-19. Lancet
2020;395:1180-1.

Rennert-May E, Leal J, Thanh NX, et al. The impact of COV-
ID-19 on hospital admissions and emergency department vis-
its: a population-based study. PLoS One 2021;16:€0252441.
De Filippo O, D'Ascenzo F, Angelini F, et al. Reduced rate of hos-
pital admissions for ACS during Covid-19 outbreak in north-
ern Italy. N Engl J Med 2020;383:88-9.

Rodriguez-Leor O, Cid-Alvarez B, Ojeda S, et al. Impact of the
COVID-19 pandemic on interventional cardiology activity in
Spain. REC Interv Cardiol 2020;2:82-9.

Lim D, Park SY, Choi B, et al. The comparison of emergency
medical service responses to and outcomes of out-of-hospital
cardiac arrest before and during the COVID-19 pandemic in
an area of Korea. J Korean Med Sci 2021;36:€255.

Gualano MR, Sinigaglia T, Lo Moro G, et al. the burden of burn-
out among healthcare professionals of intensive care units and
emergency departments during the COVID-19 pandemic: a sys-
tematic review. Int J Environ Res Public Health 2021;18:8172.
Chun SY, Kim HJ, Kim HB. The effect of COVID-19 pandemic
on the length of stay and outcomes in the emergency depart-
ment. Clin Exp Emerg Med 2022;9:128-33.

Chang H, Yu JY, Yoon SY, et al. Impact of COVID-19 pandemic
on the overall diagnostic and therapeutic process for patients
of emergency department and those with acute cerebrovas-
cular disease. J Clin Med 2020;9:3842.

Savioli G, Ceresa IF, Novelli V, Ricevuti G, Bressan MA, Oddone
E. How the coronavirus disease 2019 pandemic changed the
patterns of healthcare utilization by geriatric patients and the
crowding: a call to action for effective solutions to the access
block. Intern Emerg Med 2022;17:503-14.

www.ceemjournal.org



CEEM

Supplementary Table 1. Comparison of the number of hospitalized pa-
tients by department before and after COVID-19

Before COVID-19 After COVID-19

Department (n=5333) (n=4.625) P-value
Internal medicine 2,284 (42.8) 2,238 (48.4) <0.001

Gastroenterology 721 (13.5) 750 (16.2)

Pulmonology 432 (8.1) 335(7.2)

Cardiology 367 (6.9) 397 (8.6)

Nephrology 368 (6.9) 355 (7.7)

Infectious diseases 120 (2.3) 191 (4.1)

Endocrinology 66 (1.2) 65 (1.4)

Hematology and oncology 109 (2.0) 91 (2.0)

Rheumatology 101 (1.9) 54 (1.2)
General surgery 425 (8.0) 433 (9.4) 0.014
Neurosurgery 500 (9.4) 338 (7.3) <0.001
Orthopedic surgery 459 (8.6) 377 (8.2) 0.426
Thoracic surgery 201 (3.8) 215 (4.6) 0.031
Urology 160 (3.0) 92 (2.0) 0.001
Obstetrics and gynecology 235 (4.4) 191 (4.1) 0.519
Ear nose and throat 118 (2.2) 37(0.8) <0.001
Neurology 504 (9.5) 454 (9.8) 0.540
Psychiatry 50 (0.9) 49 (1.1) 0.545
Emergency medicine 332(6.2) 180 (3.9) <0.001
Dermatology 11 (0.2) 3(0.1) 0.660
Family medicine 2 (0.0) 1(0.0) 1.000
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Supplementary Table 2. Multivariable logistic regression analysis of
mechanical ventilator use

Variable Odds ratio P-value
(95% confidence interval)
Age 1.01 (1.00-1.01) 0.039
Systolic blood pressure 0.99 (0.99-1.00) 0.002
White blood cells 1.05 (1.03-1.06) <0.001
Hemoglobin 1.12 (1.07-1.18) <0.001
Albumin 0.62 (0.51-0.75) <0.001
Creatinine 1.06 (1.01-1.11) 0.025
Lactate 1.16 (1.13-1.20) <0.001
After COVID-19 0.45 (0.36-0.56) <0.001

Multivariable adjustment for confounding variables that were significant in uni-
variate analysis. Variables yielding P-values less than 0.1 in univariate analysis
were entered into a backward multivariable logistic regression analysis.
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Supplementary Table 3. Multivariable logistic regression analysis of

Vvasopressor use

Variable Odds ratio P-value
(95% confidence interval)
Age 1.01 (1.01-1.02) <0.001
Diabetes mellitus 1.32 (1.08-1.60) 0.005
Heart failure 1.65 (1.05-2.60) 0.031
Liver cirrhosis 0.28 (0.13-0.64) 0.002
Systolic blood pressure 0.98 (0.98-0.99) <0.001
White blood cells 1.05 (1.04-1.06) <0.001
Hemoglobin 1.11 (1.07-1.15) <0.001
Albumin 0.38 (0.32-0.44) <0.001
Creatinine 1.09 (1.05-1.13) 0.025
Lactate 1.21(1.17-1.24) <0.001
After COVID-19 0.77 (0.65-0.91) 0.002

Multivariable adjustment for confounding variables that were significant in uni-
variate analysis. Variables yielding P-values less than 0.1 in univariate analysis

were entered into a backward multivariable logistic regression analysis.
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Supplementary Table 4. Multivariable logistic regression analysis of
continuous renal replacement therapy

Variable Odds ratio P-value
(95% confidence interval)
Diabetes mellitus 1.37 (1.01-1.87) 0.044
Heart failure 2.58 (1.39-4.79) 0.003
White blood cells 1.02 (1.00-1.04) 0.035
Platelets 0.99 (0.99-0.99) 0.002
Albumin 0.60 (0.47-0.77) <0.001
Creatinine 1.34 (1.28-1.41) <0.001
Lactate 1.23(1.18-1.28) <0.001
After COVID-19 0.71 (0.51-0.97) 0.031

Multivariable adjustment for confounding variables that were significant in uni-
variate analysis. Variables yielding P-values less than 0.1 in univariate analysis
were entered into backward multivariable logistic regression analysis.
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Supplementary Table 5. Multivariable logistic regression analysis of
intensive care unit admission

Variable Odds ratio P-value
(95% confidence interval)
Systolic blood pressure 0.99 (0.99-0.99) <0.001
Heart rate 1.00 (0.99-1.00) 0.021
White blood cells 1.06 (1.04-1.07) <0.001
Hemoglobin 1.10 (1.07-1.14) <0.001
Albumin 0.69 (0.61-0.78) <0.001
Creatinine 1.10 (1.07-1.14) <0.001
Lactate 1.27 (1.23-1.31) <0.001
Total bilirubin 0.97 (0.94-0.99) 0.016
After COVID-19 0.86 (0.74-1.01) 0.060

Multivariable adjustment for confounding variables that were significant in uni-
variate analysis. Variables yielding P-values less than 0.1 in univariate analysis
were entered into backward multivariable logistic regression analysis.
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