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Abstract:

Objective: To assess the emergency department length of stay (EDLOS) and mortality in each Emergency Severity
Index (ESI) triage level. In addition to identifying the cut-off point of EDLOS to predict 72-hour in-hospital mortality
among adult non-traumatic patients in the ED of a university hospital.

Material and Methods: A cross-sectional study was conducted by retrieving patient data from the hospital information
system; from January 1, 2014, to December 31, 2018. Patient characteristics, EDLOS, and in-hospital mortality rates
were analyzed using the R program. The cut-off values of EDLOS, via the area under the curve for the best prediction
of 72-hour in-hospital mortality in patients at different ESI levels, were analyzed by multivariate analysis. Statistical
significance was defined as a p-value of <0.05.

Results: Data from 71,247 patients with 123,356 visits were enrolled. EDLOS significantly decreased across ESI levels
and the in-hospital mortality rates were highest in ESI 1, followed by ESI 2 and ESI 3. The predictive ability of EDLOS
was the highest for ESI 4, followed by ESI 3. The cut-off point of EDLOS at 3.58 hours showed the best sensitivity,
which was a significant risk factor for mortality after adjusting for other significant variables. An EDLOS longer than 4
hours was a significant factor for poor survival in patients with ESI 2 and ESI 3.

Conclusion: A practical cut-off point of 4 hours EDLOS can be used to predict 72-hour in-hospital mortality. Healthcare

providers in the ED should consider EDLOS as a safety indicator for quality assurance.
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Introduction

Accessible emergency departments (EDs), with
prompt 24-hour service delivery and a sufficient healthcare
workforce, are essential components of the healthcare
system for saving lives and improving the health of people’.
Due to the high volume of ED visits in high- to low-income
countries triage tools; such as the emergency severity index
(ESI), Canadian Triage and Acuity Scale, or national early
warning score (NEWS), are used to screen and prioritize
urgent patients for medical care®®. However, with several
limitations; such as in-hospital bed availability or the variety
of investigations and management, some patients may need
to stay longer in the ED*. Prolonged emergency department
length of stay (EDLOS) is associated with ED crowding,
which results in unfavorable patient outcomes; especially
increased risks of mortality®™®.

Recently, reducing patient EDLOS and ED crowding
have been the major challenges in the ED and public
health systems globally®™®. Less EDLOS and ED crowding
have the potential to greatly impact the quality of care and
improve favorable outcomes'®. The National Emergency
Access Target of Australia stipulates that patients should
be admitted, discharged, or transferred from Australian
EDs within 4 hours of presentation to the ED". The New
South Wales Ministry of Health also published the 4-hour
emergency access target: 2 hours for ED assessment, 1
hour for specialist interventions, and 1 hour for transfer care,
and this has also been used in Australia, New Zealand and
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the United Kingdom™ ™. A retrospective study conducted
in Australia showed lower in-hospital mortality in patients
with 4-hour EDLOS compared to those with EDLOS longer
than 4 hours'.

Boarding time, the duration from admission decision
to bed arrival, has a major influence on ED crowding and it
also increases EDLOS'™. The effect of boarding time tends
to increase the in-hospital mortality and may cause harm
to patients in some studies; however, other studies have

shown no significant results'®™.
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Prolonged EDLOS has been shown to increase the
risk of inpatient morbidity or mortality in the intensive care
unit for patients with sepsis, intracerebral hemorrhage, and
ischemic stroke, or those requiring critical care'® ™. Yet,
the cut-off values for EDLOS have not been determined
or suggested, most likely because of the different health
systems and contexts in each country. To date, there are
limited studies that have identified the average EDLOS
in adult non-traumatic patients, and no study has been
conducted based on the triage category and mortality. The
targeted EDLOS could be the initial data for establishing
prediction rules in the ED. This may also improve managing
crowding and maintaining the quality of care for prompt
service delivery and hospital management.

Songklanagarind Hospital is a tertiary hospital
wherein the ED provides services to approximately 50,000
patients annually. Its 5-level ESI triage system, a valid and
reliable triage tool, was implemented to prioritize patients
into immediate, emergent, urgent, acute non-urgent, and
non-urgent categories. Each patient in a specific triage
level is guaranteed to receive appropriate care within
specific times: ESI 1 is immediate, without delay, ESI 2 is
emergent, no later than 10 minutes, ESI 3 is urgent, within
30 minutes, ESI 4 is acute non-urgent within 1 hour, and
ESI 5 is non-urgent; without guarantee®. Identifying the
EDLOS of each patient in each triage level and correlating
between EDLOS and patient outcome (in-hospital mortality)
will provide valuable information for EDs, and help with
hospital resource allocation and management. Therefore,
the objectives of this study aimed to assess the EDLOS
and mortality in each triage ESI level and identify the cut-
off point of EDLOS to predict 72-hour in-hospital mortality.
This excluded patients who died in ED among adult non-

traumatic patients at the ED of a university hospital.

Material and Methods
A cross-sectional study was conducted by retrieving

patient data from the hospital information system of
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Songklanagarind Hospital. All data was retrieved from the
hospital information systems (HIS) electronic database;
no paper records were assessed. The data were then
de-identified and kept confidential. Therefore, the need for
informed consent was waived by the Institutional Review
Board of the Faculty of Medicine, Prince of Songkla
University (REC.60-219-20-4).

Non-traumatic patients, aged at least 15 years, who
visited the ED between January 1, 2014 and December 31,
2018, were included. Patients who were referred to this
hospital, died before arrival, or had incomplete information
were excluded. The main outcome was 72-hour in-hospital
mortality due to any causes. The main exposure of interest
was EDLOS, defined as the duration from registration at
the emergency department in the triage area to disposition
or death, measured in hours. Other independent variables
were age, gender, time of visit, emergency medical services,
primary diagnosis, and ESI levels. The ESI levels were
classified as ESI 1-ESI 5.

The data were merged and analyzed using R program
version 4.0.5 (The R Foundation for Statistical Computing,
2020; Vienna, Austria). Patient information was descriptively
analyzed using medians, with interquartile ranges (IQRs) for
continuous data and percentages for categorical data. The
EDLOS and in-hospital mortality across each ESI level were
analyzed using the Kruskal-Wallis test or chi-square test;
as appropriate. The cut-off values of EDLOS for the best
prediction of 72-hour in-hospital mortality at different ESI
levels were analyzed using the area under the curve (AUC)
when the receiver operating characteristic (ROC) curve
was plotted. An AUC of =0.7 was considered acceptable.
The most appropriate EDLOS cut-off point was selected
based on its high sensitivity and acceptable specificity as a
warning tool for the early screening of patients at high risk
for in-hospital mortality. This cut-off point was tested to
predict 72-hour in-hospital mortality after adjusting for other

independent variables using the Cox regression model. The
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practical cut-off point was also analyzed for its prediction
using the Kaplan—Meier curve. Statistical significance was

set at p-value<0.05.

Results

There were 259,409 ED visits from January 2014
to December 2018, and 71,247 patients (123,356 visits)
were enrolled in the study. The median age (IQR) of
the patients decreased from ESI1 through to ESI 5. The
patient’s information is presented in Table 1. Male gender
was prominent in patients with ESI 1 and ESI2; mainly
presenting with circulatory and respiratory conditions. Table
2 shows length of stay and mortality of participants in each
triage category; as classified by ESI levels. Median EDLOS
in ESI1, 2, 3, 4, and 5 groups were 5.2, 4.2, 3.1, 2, and 1.3
hours, respectively. The admission length of stay, duration
from in-patient register to discharge, are demonstrated
in Tablel. The 72-hour in-hospital mortality rate in ESI
1 was 19.6% and that in ESI 2 and ESI 3 was 1.4%, and
0.1%, respectively. The overall median (IQR) EDLOS was
2.8 (1.6, 4.8) hours, and the overall 72-hour in-hospital
mortality was 0.5%.

The predictive ability of EDLOS was highest in
patients in ESI 4 (AUC 0.93), followed by ESI3 (AUC
0.79) (Figure 1). The patients with ESI5 were excluded
due to no mortality, while there were only three mortalities
in patients with ESI4; therefore, the ROC curve may not
represent the true value. The cut-off value of EDLOS at
3.58 hours showed the best sensitivity (89.1%) as well as
acceptable specificity (58.6%) to be used as a screening
tool for early warning of 72-hour in-hospital mortality in
patients with ESI 3.

Univariate and multivariate analyses for predicting
72-hour mortality in non-traumatic adult patients at the ED
are presented in Table 3. The hazard ratio (HR) of mortality
in patients aged 60 years or older was significantly higher

when compared to those who were younger in univariate,
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Table 1 Enrolled patient information in the study
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Patient information ESI 1 ESI 2 ESI 3 ESI 4 ESI 5 Total
n=1,427 n=22,206 n=60,178 n=33,565 n=5,793 N=123,356
Age (yearS)Jr 67 (54,80) 65 (52,77) 57 (39,72) 45 (26,62) 30 (22,50) 5 (35,71)
Male gender 816 (57.2) 12,027 (54.2) 26,789 (44.5) 12,484 (37.2) 2,152 (37.2) 54,268 (44.1)
Time of visit
Afternoon shift 537 (37.6) 8,268 (37.2) 23,677 (39.3) 13,087 (39) 2,519 (43.5) 48,088 (39.1)
Morning shift 634 (44.5) 10,208 (46) 26,768 (44.5) 14,047 (41.9) 2,145 (37) 53,802 (43.6)
Night shift 256 (17.9) 3,723 (16.8) 9,722 (16.2) 6,420 (19.1) 1,127 (19.5) 21,248 (17.3)
Emergency Medical Service 229 (16.0) 747 (3.4) 442 (0.7) 166 (0.5) 7 (0.1) 1,591 (1.3)
Primary diagnosis categories
Infectious disease 33 (2.3) 425 (1.9) 2,939 (4.9) 2,636 (7.9) 513 (8.8) 6,546 (5.3)
Circulatory 494 (34.6) 4,485 (20.2) 3,799 (6.3) 630 (1.9) 126 (2.2) 9,534 (7.7)
Digestive 41 (2.9) 1,161 (5.2) 7,778 (12.9) 5,115 (15.2) 671 (11.5) 14,766 (12.0)
Genitourinary 5 (3.2) 967 (4.4) 6,205 (10.4) 2,058 (6.2) 137 (2.4) 9,412 (7.7)
Musculoskeletal 7 (0.5) 476 (2.1) 5,383 (8.9) 3,265 (9.7) 428 (7.4) 9,559 (7.8)
Respiratory 249 (17.4) 4,964 (22.4) 2,787 (4.6) 1,788 (5.3) 1,093 (18.9) 10,881 (8.8)
Endocrine and metabolic 114 (8.0) 797 (3.6) 978 (1.6) 230 (0.7) 40 (0.7) 2,159 (1.8)
Neoplasms 80 (5.6) 1,030 (4.6) 2,756 (4.6) 688 (2.0) 4 (0.8) 4,598 (3.7)
Other 364 (25.5) 7,901 (35.6) 27,552 (45.8) 17,154 (51.1) 2,741 (47.3) 55,712 (45.2)

Data are presented as n (%) or "median (IQR1, IQR3)
ESI=Emergency Severity Index, IQR=interquartile range

Table 2 Length of stay and mortality of participants in each triage category classified by ESI levels

Factors ESI 1 ESI 2 ESI 3 ESI 4 ESI 5 Total p-value
n=1,464 n=22,347 n=60,258 n=33,570 n=5,793 N=123,621
ED Disposition <0.001
Admit 1,049 (74.7) 10,126 (45.9) 12,318 (20.5) 1,623 (4.8) 210 (3.6) 25,326 (20.6)
Dead 126 (9.0) 49 (0.2) 7 (0.0) 0 (0.0) 0 (0.0) 182 (0.1)
Discharge 229 (16.3) 11,884 (53.9) 47,687 (79.5) 31,884 (95.2) 5,578 (96.4) 97,262 (79.2)
EDLOS" (hours) 5.2 (3,7.9) 42 (256.7) 3.1 (1.9,5) 2 (1.2,3.4) 13 (0.7,2.4) 2.8 (1.64.8)  <0.001
ICU admission 178 (18.8) 664 (9.1) 143 (1.6) 7 (0.7) 1 (1.5) 993 (5.4) <0.001
Admission LOS' (days) 8 (3,16) 7 (4,13) 5 (3,10) (2,8) (2,6) 6 (3,12) <0.001
72-hour mortality 279 (19.6) 315 (1.4) 5 (0.1) (0.0) 0 (0.0) 652 (0.5) <0.001
28-day mortality 417 (29.2) 866 (3.9) 274 (0.5) 12 (0.0) (0.0) 1,569 (1.3) <0.001

Data are presented as n (%) or "median (IQR1, IQR3)
ED=emergency department, EDLOS=emergency department length of stay, ESI=Emergency Severity Index, ICU=intensive care unit,

IQR=interquartile range
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Table 3 Univariate and multivariate analysis for predicting 72-hour mortality in non-traumatic adult patients at the ED

Factors Univariate analysis Multivariate analysis
HR (95% Cl) p-value adj. HR (95% Cl) p-value p-value
(Wald’s test) (Wald’s test) (LR test)
EDLOS (ref: <3.58 hours) <0.001
>3.58 11.54 (4.94,26.93) <0.001 9.31 (3.96,21.85) <0.001
Age group (ref:15-30 years old) 0.005
30-45 2.15 (0.42,11.07) 0.361 1.71 (0.33,8.87) 0.523
45-60 2.22 (0.46,10.66) 0.321 1.37 (0.28,6.68) 0.700
>60 7.01 (1.69,28.97) 0.007 3.93 (0.93,16.55) 0.062
Sex (ref: female) 0.224
Male 1.61 (0.95,2.74) 0.08 1.39 (0.81,2.38) 0.226
Time of visit (ref: afternoon) 0.265
Morning 0.81 (0.46,1.43) 0.476 0.63 (0.35,1.1) 0.106
Night 0.68 (0.29,1.58) 0.371 0.71 (0.31,1.65) 0.429
Primary diagnosis <0.001
(ref: digestive system)
Infectious disease 1.32 (0.24,7.22) 0.746 1.61 (0.29,8.83) 0.582
Circulatory system 6.15 (1.98,19.07) 0.002 3.97 (1.28,12.39) 0.017
Genitourinary system 1.25 (0.31,5.01) 0.749 1.30 (0.32,5.19) 0.714
Musculoskeletal system 0.36 (0.04,3.23) 0.362 0.47 (0.05,4.25) 0.505
Respiratory system 2.09 (0.47,9.35) 0.333 2.10 (0.47,9.4) 0.332
Endocrine and metabolic diseases 7.97 (1.99,31.85) 0.003 4.87 (1.21,19.55) 0.026
Neoplasms 7.06 (2.22,22.53) <0.001 6.00 (1.88,19.17) 0.003
Other 1.06 (0.35,3.19) 0.919 1.14 (0.38,3.44) 0.817

LR=likelihood ratio, Cl=confidence interval, ED=emergency department, EDLOS=emergency department length of stay, HR=hazard ratio,

ref=reference

but not in multivariate analysis. Gender and time of visit
were not significant in either analysis. An EDLOS of at
least 3.58 hours was a significant risk factor for mortality
(adjusted HR 9.31, 95% confidence interval (Cl) 3.96-21.85).
Patients with a primary diagnosis related to the circulatory
system, endocrine and metabolic, and neoplasm had a
significantly increased mortality risk compared to patients
with a digestive system (adjusted HR 3.97, 95% CI 1.28,
12.39), endocrine and metabolic (adjusted HR 4.87, 95% ClI.
1.21, 19.55), or neoplasm (adj. HR 6, 95% CI 1.88, 19.17)
disease. Figure 2 shows the Kaplan-Meier survival curve
of in-hospital mortality via 4-hour time groups of EDLOS.
There were significant differences of survival across groups
among patients with ESI 2 (Figure 2A, p-value<0.001) and
among patients with ESI 3 (Figure 2B, p-value<0.001).

Journal of Health Science and Medical Research

Discussion

Adult non-traumatic patients with serious ESls were
more likely to have a long EDLOS and high mortality.
Longer EDLOS in patients with ESI 2 and ESI 3 had a
significantly higher in-hospital mortality. There was low in-
hospital mortality in patients with ESI 4, and no mortality
in patients with ESI 5 was observed. The cut-off point of
4-hour EDLOS was valid and useful to predict in-hospital
mortality; particularly in serious ESlIs.

The correlation between the longer EDLOS and
in-hospital mortality in this study was consistent with the
findings of previous studies. These studies focused on the
mortality of patients with overall ED sepsis and ischemic
stroke, and patients requiring critical care and intensive

5-9,19-23

care unit admission with long EDLOS . The severities,

J Health Sci Med Res 2024;42(3):e20231018
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Figure 1 ROC curve of EDLOS and 72-hour in-hospital mortality in ESI 1—4 patients
The blue “X” marker is the cut-off point of EDLOS, at 3.58 hours, and the 72-hours in-hospital mortality of
the ESI 3 patients
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Figure 2 Kaplan—Meier Curve on 72-hour in-hospital mortality among patients with ESI 2 categorized by 4-hour time

groups (A) and among patients with ESI 3 categorized by 4-hour time groups (B)
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based on ESI, correlated well with mortality, which was

similar to previous studies®?°

. However, this study found
that the median EDLOS was lowest in ESI 5 and highest in
ESI 1, which differed from other studies; including a study
from Thailand that mostly had longer EDLOS in those with
lower ESI. Differences in sample size and analytic methods
might explain this paradox*®?. Relatively, long EDLOS in
serious ESI in this study’s setting might be a result of the
consultation system and investigations; usually, a definite
diagnosis was made before discharge from the emergency
department.

No cut-off values of EDLOS that could identify the
probability of mortality have been determined or suggested
in previous studies. The EDLOS at 3.58 hours was shown
to be the best cut-off point to predict 72-hour in-hospital
mortality in patients with ESI 3. The EDLOS =3.58 hours
remained significant after adjusting for age, time of visit,
and primary diagnosis in the multivariate analysis for
determining in-hospital mortality. However, the cut-off point
at 3.58 hours might not be practical; thus, the EDLOS was
categorized into four groups using 4-hour intervals (0-4
hours, >4-8 hours, >8-12 hours, and >12—16 hours). This
study’s findings were also supported by the fact that patients
with ESI 2 and ESI 3 with EDLOS longer than 4 hours had
higher mortality than those with 0—4-hour EDLOS (Figure
2). This finding was consistent with a study from Australia
in 2016, which recommended 4 hours of EDLOS for all
patients visiting the ED" .

The high mortality in patients with ESI 1 in this
study supported the application of ESI as a triage tool
for adult non-traumatic patients in the ED, which divided
the patients into ESI 1 to ESI 5 as immediate, emergent,
urgent, acute non-urgent and non-urgent categories,
respectively. In addition to EDLOS and ESI triage levels,
older patients (age =60 years) or those diagnosed with
circulatory system, endocrine and metabolic, and neoplasm

diseases were more likely to have in-hospital mortality. This
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result was consistent with previous studies that revealed
that older patients visiting the ED had higher mortality

compared to younger patients® ™

. The primary diagnoses
of circulatory, endocrine and metabolic, and neoplasm
diseases also significantly increased the risk of in—hospital
mortality compared to patients with digestive system
diseases. These primary diagnoses have high mortality
rates in various hospital settings in low-, middle-, and
high-income countries™.

Longer EDLOS in ESI 1 than in ESI 5 in this study
was opposite to the findings of a previous study in Thailand.
However, their sample sizes and the analytic methods were
different; additionally, mortality by ESI was not measured®’.
Long EDLOS in serious ESI in our setting may depend on
the consultation system and investigations for a definite
diagnosis before admission. The high mortality in patients
with ESI 1 in this study supported the application of ESI
as a triage tool for adult non-traumatic patients in the
ED, which divided the patients into ESI 1 to ESI 5 as:
immediate, emergent, urgent, acute non-urgent and non-
urgent categories, respectively® > %,

Four-hour EDLOS was the appropriate and practical
cut-off point of EDLOS to predict 72-hour mortality in
patients with ESI 2 and ESI 3. This cut-off value might be
used as a trigger tool in risk management in the ED, as a
quality assurance process to prevent or mitigate unfavorable
outcomes. Reducing EDLOS is important to decrease ED
crowding and the risk of in-hospital mortality®® ****’. This
study was originally integrated with the primary diagnosis of
patients in the ED using ICD10, with ESI triage to identify
correlations with in-hospital mortality. EDLOS within this
setting, involving non-traumatic patients, showed opposite
findings of mortality when compared with a study in Qatar;
which included traumatic patients®. This may be due to
different baseline characteristics and severity.

This study has several limitations. First, the study

was conducted using secondary data from the hospital

J Health Sci Med Res 2024;42(3):€20231018
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information system for analysis; hence, there were no
waiting times, nor boarding times documented. Second,
this study mainly focused on in-hospital mortality without
determining in-hospital morbidity, which is another
consequence of EDLOS and ED crowding. Finally, all data
were extracted from a single university hospital, which may
not be similar to other healthcare facilities. Further studies
should be conducted to apply the cut-off point of EDLOS as
a warning tool in the ED. Furthermore, further investigations
to identify the correlation between ESI 1 and ESI 4 and
72-hour in-hospital mortality and morbidity is needed. More
studies should be conducted in other triage modalities to
predict in-hospital mortality according to EDLOS; such as
the National Early Warning Score, which has high sensitivity

and acceptable specificity for patients with sepsis™.

Conclusion

The 4-hour EDLOS cut-off point can be used to
predict 72-hour in-hospital mortality. Healthcare providers
in the ED should consider EDLOS as a safety indicator for

quality assurance.
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