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Background: Coronavirus disease 2019 (COVID-19) has resulted in social, economic, medical, and psychological changes. New-onset
altered level of consciousness (ALC) is a classical presentation in real-world medicine. This study investigated changes in ALC in the
emergency room (ER) in the periods before (BC) and after (AC) COVID-19.

Methods: This was a retrospective study of patients with ALCs who visited the ER of a tertiary referral center, and their medical re-
cords BC and AC were compared. A consortium allocated and analyzed the etiologies of ALC in a case-by-case discussion. The time
point for etiological assessment was the time of discharge from the ER.

Results: In total, 1,936 patients with ALCs (731 and 1,205 in BC and AC, respectively) were investigated. The most common etiology
was systemic infection (25.9%), followed by metabolic causes (20.8%). Systemic infections (22.9% vs. 30.8%, P<0.001) and stroke
(14.6% vs. 18.2%, P=0.037) were lower in AC than in BC, respectively, whereas rates of toxicity (15.4% vs. 6.0%, P<0.001) and trau-
matic brain injury (TBI; 5.9% vs. 0.8%, P<0.001) were higher in AC than in BC. The overall mortality rate of ALC in the ER was 18.5%,
which was higher in AC (20.9%) than in BC (14.6%) (P=0.001).

Conclusion: This study demonstrated that the major etiologies of ALC in the ER were extra-cranial (58.5%). The mortality of ALC in
the ER and the incidence of toxic cause and TBI increased in AC, suggesting a change in medical circumstances after the Pandemic.
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INTRODUCTION

New-onset altered level of consciousness (ALC) refers to any
non-physiological changes or deterioration in attention or arousal
from baseline [1]. Since ALC is a potentially life-threatening con-
dition [2], it has been a major consideration in the emergency
room (ER). However, ALC has several synonyms, including men-

tal change, altered mental status, and impaired consciousness, im-

plying that ALC has a broad and nonspecific spectrum [2]. Fur-
thermore, identifying or determining its etiology often needs to
be clarified.

The prevalence of ALC in the ER has been reported in 0.4% to
5% of all patients visiting the ER; the common etiologies of ALC
in the ER include neurologic causes [ 1,3,4], stroke [ 5], poisoning
[6], pharmacologic and toxicologic etiologies [4], and systemic
infection [7]. Recently, a multicenter study demonstrated that the
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leading etiology was metabolic causes, accounting for a quarter of
the total cases, followed by systemic infection and stroke [8].
However, all studies to date have analyzed the data before the pan-
demic.

Coronavirus disease 2019 (COVID-19) has significantly im-
pacted medical systems and personal lives. National health poli-
cies have changed because of the highly pathogenic severe acute
respiratory syndrome coronavirus 2, and people's medical use
patterns have also changed [9-11]. ER visits in the period after
COVID-19 (AC), compared to those before COVID-19 (BC),
decreased from 72% to 22% in the U.S. [12-15], 13% to 5.7% in
Europe [16], and 50% to 37% in South Korea [17,18]. There has
been a reduction in emergency medical service utilization, which
was still under the pre-pandemic levels until the first quarter of
2022[19].

Given the nature of ALC, which is a representative symptom of
a critical condition, patients have no choice but to visit the ER.
Medical staff should be aware of the changes in the etiology, and
always be aware of the clinical characteristics, of ALC in the ER.
This study aimed to evaluate the clinical characteristics, etiologies,
and dispositions of patients with ALC in the ER of a university
hospital and to compare BC and AC.

METHODS

This retrospective study involved patients who visited the ER of a
tertiary referral university hospital. In order to compare before
and after the COVID-19 outbreak, we have set BC and AC as fol-
lows: BC represents the year before the first case occurred on
February 18, from February 2019 to January 2020. After the first
case of COVID-19 was found, there were frequent policy changes
made by quarantine authorities, frequent ER closures, shortages
of medical resources, and insufficient manpower. Perhaps every
ER worldwide has suffered from the so-called coronapocalypse.
Therefore, we excluded this disruptive period from our analysis.
In this study, AC represents a year of new normalcy from July
2020 to June 2021 to represent the period after COVID-19 vacci-

nation began in South Korea.

Patients

This study adopted the methods and inclusion criteria of the pre-
vious study [8]. Following suit, every case of ALC in the ER met
one of the following conditions: (1) Glasgow Coma Scale (GCS)
score < 14, (2) impaired orientation (to person, time, and place),
and (3) the first GCS examiner identified any findings considered
ALC (e.g, bizarre or inappropriate behavior, hallucinations, delu-
sions, or confusion). Each patient's GCS score was rated by either
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the attending board-certified faculty member or the chief resident
in the Department of Emergency Medicine. The exclusion criteria
were age < 19 years, revisit within 24 hours of the last discharge
from the hospital, cardiac arrest on arrival, death on arrival, and

ALC that occurred during hospitalization.

Classification and arrangement of the etiologies

Every patient with ALC in the ER was reviewed based on the
medical records and allocated to one category of the 10-etiology
classification system of ALC (ALC-10) [8]: (1) metabolic cause,
(2) systemic infection, (3) cardiogenic and vascular cause (C&V),
(4) stroke, (S) traumatic brain injury (TBI), (6) seizure, (7) cen-
tral nervous system (CNS) infection, (8) toxic cause, (9) psychi-
atric disorder, and (10) undetermined. Patients’ age, sex, medical
history, provisional diagnosis in the ER, destination from the ER,
and discharge from hospital were investigated. Medical evaluation
included vital signs, physical and neurological examinations, elec-
trocardiography, echocardiography, X-rays, blood tests, computed
tomography, magnetic resonance imaging, cerebrospinal fluid
analysis, and electroencephalography. The reference time point
for determining the etiology of ALC was when the patient left the
ER; therefore, the provisional diagnosis may differ from the defin-
itive diagnosis. The medical records of all patients were reviewed
based on a multidisciplinary approach. A consortium of board-
certified professors affiliated with emergency medicine, internal
medicine, and neurology determined the etiology classification

through case-by-case discussions.

Statistical analysis

The statistics used were mainly descriptive. We compared BC and
AC, using the t-test or chi-square test. Statistical analyses were
two-tailed, and P <0.05 was considered statistically significant.
IBM SPSS ver. 22.0 (IBM Corp.) was used for analysis.

RESULTS

Patient characteristics and the etiologies of ALC in the ER
In BC and AC, 39,273 and 35,968 patients visited the emergency
department, respectively. We identified 1,936 eligible patients, in-
cluding 731 and 1,208 patients with ALCs in BC and AC, respec-
tively (Table 1, Fig. 1). More patients with ALC visited the ER in
AC than in BC (3.4% vs. 1.9, P< 0.001). There was no statistically
significant difference in sex between BC (329, 45.0%) and AC
(551, 45.7%) (female, P=0.758) (Table 1). The mean age was
68 £ 17 years for all patients, and was higher in BC (67 17 years)
than in AC (67 18 years) (P=0.023). The composition by age
group did not differ between BC and AC (P=0.108). The most
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Table 1. Demographic data and the etiologies of altered level of consciousness in the emergency room

Variable Total (n=1,936) BC (n=731) AC (n=1,205) P-value
Female 880 (45.5) 329 (45.0) 551 (45.7) 0.758
Age (yr) 68117 69+17 67118 0.023
<29 82 (4.2) 21 (2.9) 61 (5.1) 0.108
30-39 94 (4.9) 37 (5.1) 57 (4.7)
40-49 106 (5.5) 35(4.8) 71 (5.9)
50-59 234 (12.1) 92 (12.6) 142 (11.8)
60-69 364 (18.8) 127 (17.4) 237 (19.7)
70-79 489 (25.3) 193 (26.4) 296 (24.6)
80-89 510 (26.3) 198 (27.1) 312 (25.9)
>90 57 (2.9) 28 (3.8) 29 (2.4)
Length of stay in the ER (hr) 17.08+21.48 17.89+22.1 16.60+21.09 0.206
Etiology
Systemic infection 501 (25.9) 225 (30.8) 276 (22.9) <0.001
Metabolic cause 402 (20.8) 154 (21.1) 248 (20.6) 0.798
Stroke 309 (16.0) 133 (18.2) 176 (14.6) 0.037
Toxic cause 229 (11.8) 44 (6.0) 185 (15.4) <0.001
C&V 138 (7.1) 51 (7.0) 87(7.2) 0.840
Seizure 121 (6.3) 51(7.0) 70 (5.8) 0.304
TBI 77 (4.0) 6(0.8) 71 (5.9) <0.001
Psychiatric 35(1.8) 16 (2.2) 19 (1.6) 0.327
CNS infection 21 (1.1) 6(0.8) 15(1.2) 0.383
Undetermined 103 (5.3) 45 (6.2) 58 (4.8) 0.202

Values are presented as number (%) or meanzstandard deviation.
BC, before coronavirus disease 2019; AC, after coronavirus disease 2019; ER, emergency room; C&V, cardiogenic and vascular cause; TBI, traumatic brain
injury; CNS, central nervous system.

75,241 Patients who visited the ER
BC: 39,273 patients
AC: 35,968 patients
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Fig. 1. Flow diagram for disposition of patients with altered level of consciousness before (BC) and after (AC) coronavirus disease 2019. ER,
emergency room; ALC, altered level of consciousness; GW, general ward; ICU, intensive care unit.

common age group was the 80s, and more than half of patients significant difference between BC (17.89 £22.11 hours) and AC
(1,056, 54.5%) were aged > 70 years in this study, comprising 419 (16.60*21.09 hours) (P=0.206).

(57.3%) and 637 (52.9%) patients in BC and AC, respectively. Table 1 and Fig. 2 show the distribution of etiologies. The caus-
The average stay time in the ER was 17.08 £21.48 hours, with no es of ALC that accounted for more than 5% of the total cases in-
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Fig. 2. Pie graph for etiology of altered level of consciousness in patients (A) before and (B) after coronavirus disease 2019 (COVID-19).
CNS, central nervous system; TBI, traumatic brain injury; C&V, cardiogenic and vascular cause.

cluded systemic infection (25.9%), metabolic causes (20.8%),
stroke (16.0%), toxic causes (11.8%), C&V (7.1%), seizures
(6.3%), and undetermined (5.3%). In both BC and AC, the most
common etiology was systemic infection, although its proportion
in BC (225, 30.8%) was significantly lower than that in AC (276,
22.9%) (P<0.001), followed by metabolic causes (21.1% and
20.6% for BC and AC, respectively). Stroke was the third most
common in total cases (309, 16.0%) and in BC (133, 18.2%) but
fourth in AC (176, 14.6%) (P=0.037). The rate of toxic causes
differed remarkably between BC and AC (P <0.001). Only 44
(6.0%) patients in BC moved to the third position in AC (185,
15.4%). The number of TBIs was six in BC, accounting for 0.8%,
and was significantly higher in AC (71, 5.9%) (P <0.001).

The three common extra-cranial etiologies, including systemic
infection, metabolic causes, and toxic causes, accounted for 1,132
(58.5%) of the total cases, with 423 (57.9%) and 709 (58.8%) in
BC and AC, respectively. The number of intracranial etiologies,
including stroke, seizure, TBI, and CNS infection, was 528 (37.3%
of the total), consisting of 196 (26.8%) and 332 (27.6%) in BC
and AC, respectively.

Disposition from the ER and discharge from the hospital

Fig. 1 and Table 2 show the journey of the patients from disposi-
tion from the ER to discharge from the hospital. A total of 1116
(57.6%) of the patients with ALC in the ER were admitted to ei-
ther the general ward (GW) (603, 54.0%) or the intensive care
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unit (ICU) (513, 46.0%). There was no difference between BC
and AC in the proportions of patients admitted to the GW
(P=0.327) and ICU (P=0.230). Patients discharged home from
the ER showed no difference between BC and AC (P=0.757). A
total of 299 patients were transferred to another hospital from the
ER, which was lower in AC (169, 14.0%) than in BC (130,
17.8%) (P=0.027). Table 2 shows that 136 deaths occurred with-
out admission or transfer, and mortality in the ER before disposi-
tion was higher in AC (106, 8.8%) than in BC (30, 4.1%)
(P<0.001). After admission, the length of hospitalization of the
patients with ALC in the ER was 19.25 +25.19 days. It was longer
in AC (20.63+27.74 days) than in BC (16.98+20.16 days)
(P=0.012); however, there was no statistically significant differ-
ence in the destinations on discharge from the hospital.

Table 3 shows the mortality of ALC in the ER. A total of 369
patients died after visiting the ER, with an overall mortality rate of
18.5%. The mortality was higher in AC (252, 20.9%) than in BC
(107, 14.6%) (P=0.001). The stroke mortality rates were 13.5%
and 23.3% (P=0.031), whereas C&V mortality rates were 25.5%
and 63.2% (P<0.001) in BC and AC, respectively.

DISCUSSION

ALC is a significant issue in the ER, and identification of its etiol-
ogy, investigation of its clinical course, and preparation of a ready-
made pathway are needed for real-world practice. This study pro-
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Table 2. Dispositions and destinations of patients with altered level of consciousness

Variable Total BC AC P-value
Disposition from the ER (n=1,936) (n=731) (n=1,205)
GW 603 (31.1) 218 (29.8) 385 (32.0) 0.327
ICU 513 (26.5) 205 (28.0) 308 (25.6) 0.230
Transfer 299 (15.4) 130 (17.8) 169 (14.0) 0.027
Home 136 (7.0) 148 (20.2) 237 (19.7) 0.757
Death in the ER 136 (7.0) 30 (4.1) 106 (8.8) <0.001
Destination on discharge (n=1,116) (n=423) (n=693)
Home 544 (28.1) 220 (52.0) 325 (46.8) 0.088
Transfer 349 (18.0) 126 (29.8) 223 (32.2) 0.403
Death 223 (11.5) 77 (18.2) 146 (21.1) 0.246
Length of hospitalization (day) 19.25+25.19 16.98+20.16 20.63+27.74 0.012

Values are presented as number (%) or meanzstandard deviation.

BC, before coronavirus disease 2019; AC, after coronavirus disease 2019; ER, emergency room; GW, general ward; ICU, intensive care unit.

Table 3. Mortality by etiology and overall mortality

Variable Total (n=1,936) BC (n=731) AC (n=1,205) P-value
Overall mortality 369 (18.5) 107 (14.6) 252 (20.9) 0.001
Systemic infection 138 (27.5) 53 (23.6) 85 (30.8) 0.071
Metabolic cause 56 (13.9) 18 (11.7) 38 (15.3) 0.306
Stroke 59 (19.1) 18 (13.5) 41 (23.3) 0.031
C&V 68 (49.3) 13 (25.5) 55 (63.2) <0.001
Seizure 4(3.3) 1(2.0) 3(4.3) 0.480
Toxic cause 6(2.6) 1(2.3) 5(2.7) 0.872
Psychiatric 0 0 0 NA
TBI 18 (23.4) 0 18 (25.4) 0.159
CNS infection 3(14.3) 0 3(20.0) 0.237
Undetermined 7 (6.8) 3(6.7) 4 (6.9) 0.963

Values are presented as number (%o).

BC, before coronavirus disease 2019; AC, after coronavirus disease 2019; C&V, cardiogenic and vascular cause; NA, not available; TBI, traumatic brain in-

jury; CNS, central nervous system.

vides important information by comparing the etiologies of ALC
in BC and AC. ALC has many synonyms such as mental change,
altered mental state, and loss of consciousness. It ranges from
drowsiness to coma and includes confusion, psychosis, delusions,
and abnormal behavior. This inconsistent nomenclature and
broad spectrum of symptoms suggest that ALC can be transient
and may be derived from diverse medical problems. In addition,
the medical environment and medical utilization behaviors have
changed owing to the pandemic, resulting in a change in the fre-
quency of the etiologies.

‘When designing a study comparing BC and AC, we considered
that the period of the coronapocalypse should be excluded. The
COVID-19 outbreak and surge resulted in changes of national
quarantine policy or the related suspension of emergency opera-
tions. Since there can be significant bias due to policy or political
reasons rather than medical needs, we have stipulated that AC
stands for the period after COVID-19 vaccination, to represent
the so-called new normal.

14

There have been studies on changes in medical or ER utiliza-
tion after the COVID-19 outbreak; however, there needs to be a
more coherent definition of AC, discordant inclusion criteria,
consistency in the study period, and etiology classification. Sever-
al studies have investigated periods of only 2 to 4 months to find a
significant reduction in ER visits [15,20,21]. A few studies adopt-
ed a contrived definition of AC, with the number 2020 represent-
ing the year in the calendar rather than any medical gauge [18]. In
addition, many disease- or condition-specific investigations have
compared BC and AC, such as pneumonia [22], stroke [23,24],
and suicide [25,26]. In contrast, few studies have evaluated ALC
in the ER and compared BC and AC. An American study evaluat-
ed ALC in the ER in AC [21]; however, the study included only
166 patients over approximately 40 days, and its etiology classifi-
cation was crude with only three categories: neurologic, metabol-
ic, and indeterminate. Our study showed that the main etiologies
of ALC in the ER were extra-cranial in AC and BC, and the lead-
ing cause was systemic infection. Intra-cranial etiologies account-
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ed for approximately a quarter of the total. This finding is compat-
ible with previous studies on BC [2,8,21]. Although the propor-
tion of systemic infections decreased by approximately 8%, it was
still the most common etiology of ALC in the ER, followed by
metabolic causes. This implies that systemic infection and meta-
bolic causes remain classic issues in the approach to the ALC in
the ER.

The number of patients who visited the ER was higher in BC
than in AC; however, the number of patients with ALC in AC was
more than 1.5 times higher than that in BC. Between BC and AC,
there were differences in the proportions of patients with toxic
causes and stroke as ALC etiologies. Toxic causes include inges-
tion or inhalation of toxic materials such as alcohol, herbicides,
caustic soda, and carbon monoxide, as well as medication over-
dose. According to the etiology classification system used in this
study, any overdose was considered toxic. The remarkable in-
crease in toxic cause can be explained by increased depression,
suicidal ideation, and resultant suicidal attempts in AC [27,28].
Recent studies suggested that the incidence of stroke had de-
creased, and the patients were dispersed in AC [24,29,30]. In this
study, the rating of the etiologies of ALC in the ER reflects the re-
ality: more depression and suicides but fewer strokes in AC than
in BC. In addition, this change resulted in a lower age in AC than
in BC. The age of toxic causes was significantly lower than that of
stroke (55.38 £20.89 vs. 70.22 £ 14.74 years, P< 0.001). In previ-
ous studies, the mean age of patients with ALC visiting the ER
varied from 65 to 69 years [2,5,8], which is consistent with the re-
sults of this study. The lower mean age in AC may be due to the
remarkable difference in etiologies between BC and AC (more
cases of toxic causes and TBIs in AC).

The data from this study alone cannot determine why the num-
ber of TBIs in AC was higher than that in BC. Recent studies have
also reported an increase in TBIs [31,32]. However, the reason for
this remains unclear. Based on our experience, frontline medical
institutions lacked the manpower and facilities to handle ALC in
TBI patients under the COVID-19 policy. Thus, ALC patients
with TBI require a multidisciplinary approach and may need sur-
gery. Therefore, in this university hospital, ALC with TBI was
found to be increased in AC. Meanwhile, it is crucial that the etiol-
ogy was undetermined in approximately 5% of ALC cases, despite
17.08 £21.48 hours of stay time in the ER. There were several in-
evitable situations for which the cause of ALC was undetermined:
the diagnosis often remained putative, two or more causes could
not be excluded, some clinical situations led to an emergency op-
eration, and some tests required several days to confirm the results
(e.g, the aquaporin-4 antibody for neuromyelitis optica and cere-
brospinal fluid cytopathology for carcinomatosis cerebri). This
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5% rate implies that the clinical approach in the ER may be insuf-
ficient for the diagnosis and management of ALC, and additional
medical approaches after hospitalization are required.

The average stay time in the ER did not differ between BC and
AC in this study. A previous study reported that the ER stay time
in AC increased in adult patients and decreased in pediatric pa-
tients [18]; however, the polymerase chain reaction test for
COVID-19 takes about 6 hours, which was shorter than the aver-
age stay time to investigate ALC in the ER and resulted in no dif-
ference in stay time. Meanwhile, transfers from the ER to another
hospital were reduced because of the quarantine policy in South
Korea. Therefore, a negative polymerase chain reaction test for
COVID-19 has been an essential prerequisite for all hospital ad-
missions and transfers to another hospital. A previous study also
reported an increase in hospitalization periods owing to
COVID-19 testing [33]. According to this study, the quarantine
policy is thought to have led to a decreased transfer rate from the
ER, no change in the transfer rate upon discharge from the hospi-
tal, and an increase in the length of hospital stay in the ICU. The
higher overall mortality rate and more deaths in the ER in AC
were due to stroke and C&V that represent vascular attacks. There
have been reports of an increase in the mortality rate of stroke or
acute coronary syndrome related to COVID-19 [34,35], and our
study supports these findings.

This study had several limitations. First, our study could not ex-
clude selection bias because of the single-center retrospective de-
sign. Secondly, only a single ethnic background was considered.
Third, the diagnoses in this study were provisional at the time of
discharge from the ER, and may differ from the definite diagnosis.
Despite these limitations, this is the first study to compare the eti-
ology and mortality of ALC in the ER between AC and BC. The
major etiologies of ALC in the ER were extra-cranial in both BC
and AC, and the incidences of toxic cause as well as TBI were
higher in AC. The mortality rate was higher in AC because of the
higher mortality rates of mortality of systemic infection, stroke,
and C&V. ALC is a significant issue in the ER because investiga-
tions can be time-consuming, multiple causes can coexist, and ad-
ditional evaluation may be required beyond what the available
time allows in the ER. These obstacles make the study of ALC in
the ER a challenging but important area for further research.
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