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Background: Length of stay (LOS) in the emergency department (ED) should be measured and evaluated comprehensively
as an important indicator of hospital emergency service. In this study, we aimed to analyze clinical character-
istics of critically ill patients admitted to the ED and identify the factors associated with LOS.

Material/Methods: All patients with level 1 and level 2 of the Emergency Severity Index who were admitted to the ED from January
2018 to December 2019 were included in this retrospective study. The patients were divided into 2 groups: LOS
>4 h and LOS <4 h. Variables were comprehensively analyzed and compared between the 2 groups.

Results: A total of 19 616 patients, including 7269 patients in the LOS >4 h group and 12 347 patients in the LOS <4
group, were included. Advanced age, admission in winter and during the night shift, and diseases excluding
nervous system diseases, cardiovascular diseases, and trauma were associated with higher risk of LOS. Nervous
system diseases, cardiovascular diseases, trauma, and procedures including tracheal intubation, surgery, per-
cutaneous coronary intervention, and thrombolysis were associated with lower risk of LOS.

Conclusions: Prolonged LOS in the ED was associated with increased age and admission in winter and during the night shift,
while shortened LOS was associated with nervous system diseases, cardiovascular diseases, and trauma, as
well as with procedures including tracheal intubation, surgery, percutaneous coronary intervention, and throm-
bolysis. Our findings can serve as a guide for ED physicians to individually evaluate patient condition and allo-
cate medical resources more effectively.

Keywords: Critical Illness ¢ Emergency Medical Services ¢ Length of Stay
Abbreviations: ESI - Emergency Severity Index; CPR — cardiopulmonary resuscitation; PCl — percutaneous coronary in-
tervention; LOS - length of stay; ED — Emergency Department; IQR — interquartile range; OR - odds ra-

tio; Cl — confidence interval
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Background

Overcrowding in the hospital Emergency Department (ED),
which can decrease the efficiency of ED staff and lead to pa-
tient management delays and poor clinical outcomes, is con-
sidered a public health problem worldwide [1,2]. The imbal-
ance of a rapid increase in the number of patients, especially
critically ill patients, and insufficient medical resources exac-
erbates the problem [3]. A multicenter retrospective research
study including 995 379 ED patients concluded that ED crowd-
ing is associated with increased in-hospital mortality and pro-
longed length of stay (LOS) [4]. Conversely, prolonged LOS in
the ED was detrimental to quality of treatment, especially in
time-sensitive disorders, including trauma [5], heart failure [6],
and acute coronary syndrome [7]. Previous studies revealed
that factors linked with LOS in the ED include patient-specific
factors such as age, triage level, and severity of disorder and
hospital-specific factors such as hospital size and specialist con-
sultation [8,9]. A maximum length of ED stay of 4 h was con-
firmed to be associated with improved quality of medical care
in the ED as well as with patient satisfaction [10]. Another ret-
rospective study clarified that an LOS in the ED longer than 4
h could make the ED crowded. As ED volume increased, some
ED patients did not receive treatment in a proper and time-
ly manner [11].

Therefore, LOS in the ED is an important indicator of hospital
emergency service, which should be comprehensively measured
and evaluated so that medical management and resources can
be implemented and allocated more effectively. It is critical for
physicians to identify the essential factors needed to assess,
at an early stage, the likelihood of a longer LOS after admis-
sion. In our study, we aimed to analyze clinical characteristics
of patients with critical illness admitted to the ED and identi-
fy the factors associated with LOS.

Material and Methods

Study Design and Patients

Initially, all patients admitted to the ED from January 2018 to
December 2019 were included in this retrospective study. Only
patients with a critical illness of level 1 and level 2 according
to the Emergency Severity Index (ESI), which has a 5-level tri-
age system [12], were enrolled in the study. Exclusion crite-
ria were the following: age <14 years, pregnancy, and patients
with data missing. The included patients were divided into 2
groups: LOS >4 h and LOS <4 h. Variables were comprehen-
sively analyzed and compared between the 2 groups.
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Ethics Approval and Consent to Participate

The study was approved by the Ethics Committee of Changsha
Central Hospital of University of South China (Changsha, China).
All research was performed in accordance with the relevant
guidelines and regulations. Owing to the retrospective nature
of the study, informed consent was waived, which was also ap-
proved by the Ethics Committee of Changsha Central Hospital
of University of South China.

Data Collection

The collected data included the baseline and clinical charac-
teristics of the patients admitted to the ED. Patient character-
istics included the following: sex, age, time of presenting (in-
cluding month and day) to the ED, diagnosis after admission,
treatments including tracheal intubation, mechanical ventila-
tion, cardiopulmonary resuscitation (CPR), surgery, interven-
tional therapy, and thrombolysis, clinical outcomes including
hospitalization, observation in ED, discharge home, and trans-
fers, and in-hospital mortality.

Definitions

Based on the climatic characteristics of southern in China,
4 seasons were classified as follows: winter (December to
February), spring (March to May.), summer (June to August),
and autumn (September to November). Based on the schedule
of the ED, 24 h were divided into 3 different shifts as follows:
day shift (8: 00 AM to 4: 00 PM), afternoon shift (4: 00 PM to
midnight), and night shift (midnight to 8: 00 AM).

Statistical Analysis

Statistical results were expressed in meansstandard deviation
for normally distributed data, while for non-normally distribut-
ed data, interquartile range (IQR) and median were employed.
Categorical data were expressed as a percentage and number.
The t test or rank-sum test was used for comparisons between
the LOS >4 h and LOS <4 h groups. Chi-square or Fisher’s ex-
act test was applied for categorical data.

Significant factors associated with LOS >4 h (P<0.05) identi-
fied by univariate logistic regression analysis were then ex-
amined by multivariate logistic regression analysis. Analytical
results were described as odds ratio (OR) with a 95% confi-
dence interval (Cl). Statistical analysis was performed using
SPSS (version 26) and statistical significance was considered
at a two-sided P value <0.05.
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Patients with level 1and level 2 in the study
(n=19966

Patients excluded (n=350):

« Less than 14-year-old (n=76)
« Pregnant (n=18)

- Data missing (n=253)

¥

Patients included in the study
(n=19616)

/\

LOS >4 hours group LOS <4 hours group
(n=7269) (n=12347)

Figure 1. Flow chart of patient enrollment and study design.
LOS - length of stay.

Results

General Characteristics of Patients

At first, a total of 19 966 patients admitted to the ED were
enrolled in this study. Based on the exclusion criteria, 350 pa-
tients were excluded and 19 616 patients with critical illness
were finally included (Figure 1). The distribution of subgroups
based on LOS is shown in Figure 2. The LOS proportions were
<2h(38.1%), 2 to 4 h (24.9%), 4 to 6 h (9.4%), 6 to 8 h (4.4%),
8 t0 10 h (3.1%), and >10 h (20.1%). The mean patient age
was 60.5 years and the in-hospital mortality was 1.9%. Male
patients and elderly patients (>60 years) accounted for 62.9%
and 56.2% of patients, respectively. The proportion of ESI level
1 and level 2 were 11.7% and 88.3%, respectively. The mean
time of LOS was 2.7 h. The top 5 disease categories ranked as
follows: nervous system (25.6%), respiratory system (21.0%),
cardiovascular system (14.3%), digestive system (11.6%), and
trauma (9%). The incidence of tracheal intubation, mechani-
cal ventilation, and CPR were 5.2%, 5%, and 2.4%, respectively.
Surgery, PCl, and thrombolysis were performed in 377 (1.9%),
615 (3.1%), and 273 (1.4%) patients, respectively. More than
60% of patients were hospitalized (Table 1).

Comparison of Variables Between LOS >4 H and LOS <4 H
Groups

The clinical characteristics of the 7269 patients in the LOS >4 h
group and the 12 347 patients in the LOS <4 h group are shown
in Table 2. There were significant differences in sex between
the 2 groups (P=0.038). Patients in the LOS >4 h group were
older (P<0.001). Comparing 6 subgroups of age, the LOS >4 h
group had more patients in the 4 subgroups >60 years. The
number of patients in the LOS >4 h group admitted in winter
(December to February) and spring (March to May) was sig-
nificantly higher than patients in the LOS <4 h group admit-
ted during those seasons. Moreover, significant differences

8000
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| 70-79
W 60-69
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W 18-45
<18

6000

4000

Number of cases

2000
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<2 >2<4 >4<6
LOS (hours)

Figure 2. Distribution of subgroups based on length of stay.
LOS - length of stay.

were found between the 2 groups in admissions by all sea-
sons (all P<0.001). The proportion of patients in the LOS >4 h
group admitted to the ED during the night shift (midnight to
8: 00 AM) was significantly higher than those in the LOS <4 h
group (20.8% vs 15.1%, P<0.001), while the LOS >4 h group
admissions were lower at the other times (day and afternoon
shifts). Comparing the top 5 disease categories at presenta-
tion between the 2 groups, patients with respiratory diseas-
es (32.1%) and digestive diseases (13.8%) were more likely
to have longer stays in the ED, while those with nervous sys-
tem diseases (31.7%), cardiovascular diseases (16.4%), and
trauma (11.7%) had shorter stays in the ED (all P<0.001). The
proportion of patients with tracheal intubation (3.0%), me-
chanical ventilation (3.4%), CPR (1.1%), surgery (0.2%), inter-
ventional therapy (1.8%), and thrombolysis (0.2%) was signifi-
cantly lower in the LOS >4 h group than in the LOS <4 h group
(all P<0.001). More patients were hospitalized (75.4%) or dis-
charged home (16.6%) in the LOS >4 h group than in the LOS
<4 h group (both P<0.001). The in-hospital mortality rates of
the LOS >4 h and LOS <4 h groups were 1.1% and 2.5%, re-
spectively (P<0.001).

Univariate and Multivariate Analyses for Factors
Associated with LOS

Factors associated with LOS were determined by univariate and
multivariate logistic regression analyses, as shown in Table 3.
Age >60 years, admission in winter and during the night shift,
and diseases excluding nervous system diseases, cardiovas-
cular diseases, and trauma were associated with the higher
risk of LOS. Nervous system diseases, cardiovascular diseas-
es, trauma, and procedures including tracheal intubation, sur-
gery, PCl, and thrombolysis were associated with the lower
risk of LOS. In age subgroups, the OR increased with increas-
ing age, and the OR in the group over 90 years old was the
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Table 1. General characteristics of total patients.

Characteristic Characteristic

Number of patients 19616 Digestive system diseases 2270 (11.6)
Csexnw®w Tauma 1756 0.0)
"""" Male 12330 (629) Tuberuosis 726 37)
"""" Female 7286 371)  Acutepoisoning 616 31
CESlleveln%) Urinary system diseases 334 (17)
"""" levell 2202 117)  Endocrine system diseases 291 (L5)
"""" level2 17324 (883)  Respiratoryand cardiacarrest 226 (12)
CAgelyears)  e05:189 Tumor diseases 223 (1)
"""" asm% 179 09  Bloodsystemdiseases 161 (0.8
"""" 1845 3981 (03)  Otherdiseases 1058 (54)
"""" a5 a4 (26)  Procedures(m%)
"""" 6069 398 (200) Teachealintubation 1027 (52
"""" 7079 3671 187)  Mechanicalventilation 990 (5.0)
"""" g089 2890 (147)  Invasiveventilaton 903 (46)
"""" 0 54328  Noninvasiveventilaon 87 (04)
 Admission season (n,%) N
"""" Winter (Dec-Feb) 5072 (259)  Surgery 377 (19
"""" Spring Mar-May) 4755 (242)  Intewventionaltherapy 819 (42)
"""" Summer(un-Aug 4753 @42 e 615@1
"""" Fall GepNo 503 (@57)  Others 204 (L0)
 Admission time (n,%) Thrombolysis 273 (14)
"""" Midnight8:00AM 3376 172)  Clinical outcomes (0, %)
"""" 8:00AM4:00PM 7940 (405)  Hospitalization 13514 (689)
"""" 4:00 PM-Midnight 8300 423)  ObsevationinED 3310 (169)
Diagnosis (M%) Dischargedhome 2070 (106)
"""" Nervous system diseases 5029 (256)  Transfered 339 (17)
"""" Respiratory diseases 4120 (210) In-hospital mortality (n,%) 382 (19)
© Cardiovascular diseases 2806 (143) losimed® 27 (1471)

ESI — Emergency Severity Index; CPR — cardiopulmonary resuscitation; PCl — percutaneous coronary intervention; LOS — length of stay;
ED — emergency department.

highest (OR 2.320, 95% Cl 1.426-3.776). For time of admis- intubation (OR 0.564, 95% Cl 0.329-0.967), surgery (OR 0.097,
sion, patients admitted in the winter (December to February) 95% Cl1 0.054-0.174), PCI (OR 0.046, 95% Cl 0.028-0.077), and
and during the night shift (midnight to 8: 00 AM) were more  thrombolysis (OR 0.170, 95% Cl 0.103-0.281) had a significant-
likely to stay longer in the ED (OR 1.602, 95% Cl 1.459-1.759 ly lower risk of longer LOS.

and OR 1.642, 95% Cl 1.493-1.806, respectively). Three cate-

gories of diseases were negatively associated with LOS, includ-

ing cardiovascular diseases (OR 0.188, 95% Cl 0.104-0.341),

nervous system diseases (OR 0.612, 95% Cl 0.544-0.689), and

trauma (OR 0.541, 95% Cl 0.456-0.640). Patients with tracheal
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Table 2. Comparison of variables between LOS >4 h and LOS <4 h groups.

Variable LOS >4 h (n, %) LOS <4 (n, %) P value
Number of patients 7269 (37.1) 12347 (62.9)
Csex(n W) 0038
"""" Male 479 (644 7es1 (6200
"""" Female 250 (@56 4% (80)
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Table 2 continued. Comparison of variables between LOS >4 h and LOS <4 h groups.

Variable LOS >4 h (n, %) LOS <4 (n, %) P value
Procedures
© Trachealintubation 216 G0) 81l (66 woor
”””” Mechanicalventilation 245 G4 745 (60)  <0001*
 invasveventilation 99 28 704 657) woorr
 Nonimvasiveventilation s 08 a 03 0002
”””” o smoay 3 @) <000
”””” Sugey 120 35 G0 <000
”””” interventional therapy 131 (1§ 688 (56  <0001*
k@ 1602 59 @9 woorr
””””” oher 158 8 07 <000
© Thombolyss 17 02 26 @) woorr
Clinical outcomes
”””” Hospitalizaon s (754 8030 (650) <0001*
”””” Obsevationined 318 @4 2992 (42  <0001*
”””” Discharged home 1209 (166) 81 (.0) <0001*
 Tansfered 179 @5 60 13 woorr
In-hospital mortalty 78 ) 304 5 woorr

LOS - length of stay; CPR — cardiopulmonary resuscitation; PCl — percutaneous coronary intervention; ED — Emergency Department.

(* P<0.05).

Discussion

In this retrospective cohort study of critically ill patients ad-
mitted to the ED in 2018 and 2019, patient clinical characteris-
tics were analyzed and factors associated with LOS were iden-
tified. Prolonged LOS was associated with increased age and
admission in winter and during the night shift, whereas short-
ened LOS was associated with nervous system diseases, car-
diovascular diseases, and trauma as well as with procedures
including tracheal intubation, surgery, PCl, and thrombolysis.

Our study showed that with increasing age, the risk of pro-
longed LOS increased, and the group of patients aged 90 years
or older had the highest risk. A study with 5025 elderly pa-
tients in the ED indicated that prolonged LOS is best predict-
ed by several indicators, which include being aged 90 years
or older [13]. Another study revealed that of 16 791 ED pre-
sentations made by older patients, 4192 experienced a lon-
ger LOS, and increased age was associated with an increasing
LOS in the ED [14]. Elderly patients are likely to stay in the ED
longer because of poor communication with physicians, mul-
tiple chronic disorders, an atypical presentation with delayed

symptoms, and unstable vital signs. Compared with younger
patients, older patients admitted in the ED have multiple and
complex presenting symptoms and conditions, which lead to
more diagnostic tests and procedures as well as consultation
services [15].

In the present study, patients admitted in winter and during
the night shift had a higher risk of staying longer in the ED.
One study investigated the relationship between the relative
risk of ED visitation and seasonal temperature and conclud-
ed that in cold weather, the total number of patients in the
hospital declined by 15%, but ED visits increased by 4% [16].
A study of 17 298 ED visits for respiratory infection indicated
that significantly fewer visits were recorded in warm months
than in cold months (OR 0.23; 95% Cl 0.29-0.18; P<0.001) [17].
Increasing evidence indicates that winter is associated with the
higher risk of morbidity in many disorders, including stroke,
acute coronary syndrome, heart failure, and asthma [6,18-21],
which also contributes to more ED visits and a longer LOS in
the ED. Moreover, many studies have focused on the relation-
ship between admission time and clinical outcomes. A retro-
spective cohort study in acute aortic dissection demonstrated
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Table 3. Univariate and multivariate analyses for factors associated with LOS.

Unadjusted results Multivariate results
Variable
Sex, Male 1.109 (1.044-1.178) 0.001 0.991 (0.924-1.063) 0.802
CAgeyeas 0ot 0002
"""" as Ref Rt
"""" 1845  2164(14533221) <0001  1678(1.066-2641) 0025*
"""" 459  2545(1711-378) <0001 1798 (11432829  0011*
"""" 6069  3159(21234700) <0001 1955(1.241-3079) 0004*
"""" 079  3593(2414-5349) <0001  1880(1192-2964) 0007
"""" 8089 3502(2390-5309) <0001  1963(1243-3099) 0004
"""" >0  4463(291268%) <0001  2320(14263776)  0001*
 Admission season w001 €001
"""" Winter (DecFeb) ~ 1551(1430-1682 <0001  1602(1459-1759) <0001%
"""" Spring (Mar-May)  1452(1312-1548) <0001  1412(1.283-1553) <0001%
"""" Summer (un-Aug)  1035(0951-1127) 0421  0998(0906-1099) 0964
"""" Fall SepNov)  RefRef

Midnight-8: 00 AM 1.461 (1.347-1.585) <0.001 1.642 (1.493-1.806) <0.001*
"""" 8.00AM4:00PM  0972(0911-L03) 0381 0850(0789-0915) <0001*
"""" 4:00 PM-Midnight  Ref Ref
CDiagnosis
"""" Respiratory and cardiac arrest ~ Ref R
"""" Nervous system diseases 0753 (0677-0838) <0001 0612(0544-0689)  <0001*
"""" Respiratory diseases  3484(3.1423864) <0001 264723562975 <0001
"""" Digestive system diseases  2071(1841-2328) <0001  1746(1531-L991) <0001
"""" Tauma  0557(0480-0646) <0001  0541(0456:0640  <0.001*
"""" Cardiovascular diseases  0214(0.129-0353) <0001 0188(01040341)  <0001*
"""" Endocrine system diseases 2462 (1928-3.145) <0001 2325(1770-3053) <0001
"""" Blood system diseases 4480 (3222-6230) <0001 408028255894 <0001*
"""" Acutepoisoning  1011(08331227) 0912 1358(1082-1704) 0008"
"""" Tumordiseases  5777(43057.753) <0001 4840(3505-6684) <0001
"""" Tuberculosis  7.040(5860-8459) <0001 4986 (4102-606) <0001
"""" Other  1692(1458-1964) <0001 1786(1508:2115) <0001
CProcedures
"""" Trachealintubation ~ 0436(0.3740.508) <0001  0564(0329-0967) 0038
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Table 3 continued. Univariate and multivariate analyses for factors associated with LOS.

Multivariate results

Unadjusted results

Variable

Invasive ventilator 0.467 (0.398-0.548) <0.001 1.015 (0.566-1.820) 0.960
 Noninvasive ventilator - 1853 (1215282 0004  0818(05231279) 0379
"""" Nne Ref R
”””” R 0350(02750446) <0001  0874(0578-1323) 0525
”””” swgey 005400310097 <0001 0097 (0054-0174) <0001*
”””” Interventional therapy
ek o0s(©027007) ©001  0046(00280077) woorr
""""" Other  2111(15982788) <0001 1912(1359-2690) <0001*
"""" None Ref Rt
”””” Thrombolysis ~ 0111(0068:0181) <0001 0170(0.103:0281)  <0001*

LOS - length of stay; OR — odds ratio; Cl — confidential interval; CPR — cardiopulmonary resuscitation; PCl — percutaneous coronary

intervention (* P<0.05).

that nighttime admission was associated with a higher risk of
longer stays in the intensive care unit and in-hospital mortal-
ity [22]. A recent study identified that ED patients who pre-
sented during the evening (OR 4.25, 95% CI 1.742-10.417) or
nighttime (OR 14.93, 95% Cl 4.22-52.63) were significantly
more likely to have a prolonged LOS than those with a morn-
ing presentation [23]. A possible explanation could be that it
was necessary for night shift arrivals to wait until the daytime
to be hospitalized or discharged, leading to increased LOS in
the ED. Additionally, consultations with specialists and some
special imaging or laboratory tests for diagnosis and therapy
are less available at night than during the day [24].

In the present study, among the most common categories of
disorders presenting in the ED, nervous system diseases, cardio-
vascular diseases, and trauma were negatively associated with
LOS. Moreover, tracheal intubation, surgery, PCl, and throm-
bolysis showed the same relationship with LOS. Our hospital
is a tertiary hospital as well as a stroke, chest pain, and trau-
ma center. For several years, effective and convenient emer-
gency medicine processes have been constructed for time-
sensitive disorders including stroke, acute coronary syndrome,
acute heart failure, and trauma. For those patients, multidisci-
pline consultation and management are implemented quickly
as are hospitalizations and transfers, which could explain why
patients with mechanical intubation, surgery, PCI, and throm-
bolysis had a comparatively lower risk of prolonged LOS. In a
study on stroke, evidence showed that endovascular stroke
therapy and thrombolysis were inversely associated with the
LOS in the ED [25]. In a mature trauma center with standard-
ized activation protocols, trauma activation and subsequent

management and procedures, including surgery, could mitigate
the negative effects of prolonged LOS in the ED [26].

Overall, factors associated with LOS in the ED in a large sam-
ple of critically ill patients were analyzed. Our findings can
serve as a guide for ED physicians to individually evaluate pa-
tients’ condition and allocate medical resources more effec-
tively. There were several limitations in our study. First, it was
a single-center retrospective study, so caution should be ex-
ercised when applying the results to other centers with differ-
ent situations and policies. Second, only categories of diseas-
es were included and analyzed in this study, with subgroups
of diseases not divided and compared, which to a certain ex-
tent might have affected our results. Third, because of some
missing data, not all factors associated with LOS in the ED of
patients were mentioned in this study, including marital sta-
tus, medical insurance, socioeconomical status, and educa-
tional background. Further research with more clinical vari-
ables should be considered.

Conclusions

Prolonged LOS in the ED was associated with increased age
and admission in winter and during the night shift, while short-
ened LOS was linked with nervous system diseases, cardiovas-
cular diseases, and trauma as well as with procedures includ-
ing tracheal intubation, surgery, PCl, and thrombolysis. Our
findings can serve as a guide for ED physicians to individual-
ly evaluate patients’ conditions and allocate medical resourc-
es more effectively.
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