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INTRODUCTION

Emergency department (ED) overcrowding is a worldwide 
problem and something that affects the prognosis of patients.1-3 

Accordingly, a triage system has been developed and used in 
order to select severely ill patients and efficiently utilize medical 
resources.4 In Australia, the Australian Triage Scale (ATS) was 
developed, and then in Canada, the Canadian Triage and 
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Acuity Scale (CTAS) was developed by revising the research 
results of the ATS according to Canada. In addition, the Man-
chester Triage System (MTS) in the United Kingdom and the 
Emergency Severity Index (ESI) in the United States have 
been developed and used.5 

In South Korea, the interest in triage system has also increased. 
In 2012, based on CTAS, the Korean Triage and Acuity Scale 
(KTAS), which encompasses the pre-hospital and hospital stag-
es, was developed. KTAS is a triage system linked to the National 
Health Insurance, and has been applied by all EDs in Korea 
since 2016.6 Like CTAS, KTAS consists of a combination of ob-
jective items (consciousness level, fever, heart rate, etc.), sub-
jective items felt by patients (pain, anxiety, etc.), and subjective 
items evaluated by medical staff (breathing effort, paleness, 
etc.). Classification is carried out through four stages: medical 
department, main symptoms, first order modifiers, and second 
order modifiers.

The Korean Society of Emergency Medicine provides pro-
vider qualifications after KTAS training for medical personnel 
with more than a year of experience working in the ED. There-
fore, the current KTAS system requires specialized personnel, 
time and cost for training, and periodical training to maintain 
qualifications. However, even with such efforts, the results may 
vary depending on the classifier’s experience and ability due 
to the various subjective items. Furthermore, pain, a subjective 
factor of the patient, may cause overtriage.6 In addition, it takes 
time to classify patients as the first order modifiers and second 
order modifiers must be applied sequentially according to the 
main symptoms; and when the patient complains of two or more 
main symptoms, the time required for classification increases 
as the same sequence must be repeated for each main symptom.

Therefore, we developed an objectified KTAS (OTAS) with a 
shorter classification time without being affected by the expe-
rience and ability of the classifier by excluding the subjective 
elements of first and second order modifiers from KTAS and 
using only objective information. Subsequently, a simple age-
adjusted objectified Korean Triage and Acuity Scale (S-OTAS) 
was developed to reflect age. The purpose of this study was to 
evaluate the usefulness of OTAS and S-OTAS compared to KTAS.

MATERIALS AND METHODS

Study design, population, and setting
This study performed a retrospective analysis of all adult pa-
tients who had visited the EDs of two urban tertiary teaching 
hospitals (Seoul National University Bundang Hospital, Dong-
guk University Ilsan Hospital) and one rural secondary teach-
ing hospital (Hallym University Chuncheon Sacred Heart Hos-
pital) from January to December 2019. All adult patients aged 
18 years or older with a valid record of vital signs were eligible. 
Death on arrival, defined as patients who were declared dead 
upon arrival, was not eligible. Exclusion criteria included pa-

tients who had an invalid KTAS level value or discharge out-
come, had visited the ED with a non-medical reason, had been 
transferred from another hospital, and/or had transferred to 
another hospital.

The scale of each hospital was as follows: Seoul National Uni-
versity Bundang Hospital 1328 beds, Hallym University Chun-
cheon Sacred Heart Hospital 402 beds, and Dongguk Univer-
sity Ilsan Hospital 654 beds. About 100000 patients visited Seoul 
National University Bundang Hospital annually, while about 
40000 patients visited Hallym University Chuncheon Sacred 
Heart Hospital, and about 40000 patients visited Dongguk Uni-
versity Ilsan Hospital. This study was conducted and reported 
in line with the Transparent Reporting of a multivariate predic-
tion model for Individual Prognosis or Diagnosis (TRIPOD) 
guidelines,7 and was approved by the Institutional Review Board 
of these three institutions (Seoul National University Bundang 
Hospital: B-2004-606-002, Hallym University Chuncheon Sa-
cred Heart Hospital: 2021-04-027-001, Dongguk University Ilsan 
Hospital: DUIH 2021-04-038). Informed consent was waived.

Data collection and processing
Age, sex, systolic blood pressure (SBP), diastolic blood pressure 
(DBP), pulse rate (PR), respiratory rate (RR), body temperature 
(BT), O2 saturation (Sat), level of consciousness, and KTAS level 
were investigated via electronic medical records of each hos-
pital. Level of consciousness was classified by the Alert/Verbal/
Painful/Unresponsive (AVPU) scale. Alert was defined as the pa-
tient being fully awake (this patient would spontaneously have 
their eyes open, respond to vocal stimulation/commands, and 
have motor functions). Verbal response was defined as the pa-
tient making some kind of response when being talked to, 
which could be in any of the three component measures of 
eyes, voice, or motor. Pain response was defined as the patient 
making a response to any of the three component measures on 
the application of pain stimuli, like a sternal rub, or a periph-
eral stimulus, such as squeezing of fingers. Unresponsive was 
defined as sometimes being seen noted as “unconscious” (this 
outcome was recorded if the patient did not give any eye, voice, 
or motor response to voice or pain stimulations/commands).8

When a patient visited the ED, KTAS level was implemented 
by medical personnel including doctors, nurses, and emergen-
cy medical technicians who were certificated as KTAS provid-
ers. KTAS levels were determined by investigating the patient’s 
history, SBP, DBP, BT, Sat, pain scores, and trauma mecha-
nisms. 

The primary outcome was a 30-day mortality (death within 
30 days of visiting the ED), and the secondary outcomes were 
the 7-day mortality (death within 7 days of visiting the ED), ED 
mortality (death in the ED), intensive care unit (ICU) admission, 
and the rates of computed tomography (CT) scan and emer-
gency procedures (endotracheal intubation, defibrillation, cen-
tral line catheterization, and transcutaneous pacing). Patients 
who were discharged with improved condition were assumed 
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to survive. If the patient was discharged for other reasons, such 
as discharge against medical advice or discharge without sig-
nificant improvement, the records of outpatient visits after dis-
charge were checked. If there was no outpatient record, the 
discharge result was processed as missing. For severity com-
parison, hospital mortality and ICU admission were used, and 
the rates of CT scan and emergency procedures were used for 
acuity comparison.8-10

Simple age-adjusted objectified Korean Triage and 
Acuity Scale
While maintaining the basic characteristics of KTAS, we have 
developed a new triage method that excludes subjective factors 
and reflects only the main symptoms and objective factors. The 
main symptoms used by KTAS, which were complied with the 
Canadian Emergency Department Information System Present-
ing Complaint List Version 1.1, were used.11,12

First, the contents that involve subjectivity, such as breathing 
effort (use of accessory muscles, breathing depth), skin color 
(pale), and pain score in the first order modifiers, were exclud-
ed. Then, an objective criterion was made. For SBP, Dugas, et 
al.13 defined hypotension as an SBP less than 100 mm Hg. Jones, 
et al.14 reported that an SBP less than 90 mm Hg showed a high 
odds ratio (OR) of mortality, ICU admission, and vasopressor 

use, and that the OR was even higher when an SBP was less 
than 80 mm Hg. For PR, Considine, et al.15 reported that the 
patients who had abnormal PR, which was defined as slower 
than 60 beats/min or faster than 100 beats/min, showed high-
er incidence of emergency calls compared to the patients with 
normal PR. Based on these studies, SBP < 80 mm Hg was de-
fined as OTAS level 1, 80 mm Hg ≤ SBP < 100 mm Hg & (PR > 
100 beats/min or PR < 60 beats/min) was defined as OTAS level 
2, and SBP ≥ 100 mm Hg & (PR > 100 beats/min or PR < 60 
beats/min) or 80 mm Hg ≤ SBP < 100 mm Hg & 60 beats/min ≤ 
PR ≤ 100 beat/min was defined as OTAS level 3. In the case of 
consciousness level, KTAS defines both a response to Pain and 
Glasgow Coma Scale (GCS) 3–8 as level 1; however, in a study 
comparing a GCS and AVPU scale, a response to pain and GCS 
3–8 showed a big difference.16 With reference to this study, we 
defined the case of unresponsive among the AVPU scale as 
OTAS level 1 and the case of pain response or verbal response 
as OTAS level 2. In addition, systemic inflammatory response 
syndrome criteria and Sat, which already have objective crite-
ria in KTAS, were used as they are (Table 1). Likewise, in the 
second order modifiers, all subjective factors, such as dehydra-
tion (reduction of skin elasticity, dry mucous membrane), 
were excluded (Supplementary Table 1, only online).

Second, minimal OTAS levels according to the main symp-

Table 1. KTAS & OTAS Triage Rules

First order modifiers Level KTAS OTAS
Respiratory distress 1 Fatigue from excessive work of breathing, cyanosis, single-word speech, unable to speak, upper airway  

  obstruction, lethargic or confused, or SpO2 <90
SpO2 <90

2 Increased work of breathing, speaking phrases or clipped sentences, significant or worsening stridor but  
  the airway protected, or SpO2 <92

90 ≤ SpO2 < 92

3 Dyspnea, tachypnea, shortness of breath on exertion, no obvious increased work of breathing, able to  
  speak in sentences, stridor without any obvious airway obstruction, or SpO2 <94

92 ≤ SpO2 < 94

Hemodynamic stability 1 Evidence of severe end-organ hypoperfusion: marked pallor, cool skin, diaphoresis, weak or thready  
   pulse, hypotension, postural syncope, significant tachycardia or bradycardia, ineffective ventilation or 
oxygenation, decreased level of consciousness. Can also appear as flushed, febrile, toxic, as in septic 
shock

SBP <80

2 Evidence of borderline perfusion: pale, history of diaphoresis, unexplained tachycardia, postural  
   hypotension (by history), feeling faint on sitting and standing, or suspected hypotension (lower than 
normal blood pressure or expected blood pressure for a given patient)

80 ≤SBP <100 &  
  (PR >100 or PR <60)

3 Vital signs at the upper and lower ends of normal as they relate to the presenting complaint, especially  
  if they differ from the usual values for the specific patient

SBP ≥100 &  
  (PR >100 or PR <60)

Level of consciousness 1 Unable to protect airway, response to pain or loud noise only and without purpose, continuous seizure or  
  progressive deterioration in level of consciousness, or GCS 3-8

Unresponsive

2 Response inappropriate to verbal stimuli, loss of orientation to person, place or time, new impairment of  
  recent memory, or altered behavior

Verbal or painful  
  response

Temperature
SIRS [PR >90, RR >20,  
  (BT <36 or BT >38)]

2 Neutropenia (or suspected), chemotherapy or immunosuppressive drugs including steroids, or patient  
   has evidence of infection, have 3 positive SIRS criteria, or show evidence of hemodynamic  
compromise, moderate respiratory distress or altered level of consciousness

3 positive SIRS  
   [PR >90, RR >20,  
(BT <36 or BT >38)]

3 Patient has <3 positive SIRS criteria but appear ill (i.e. flushed, lethargic, anxious, or agitated) (BT <36 or BT >38) &  
  (PR >90 or RR >20)

4 Patient has fever as their only positive SIRS criteria and appear to be comfortable and in no distress BT <36 or BT >38

KTAS, Korean Triage and Acuity Scale; OTAS, objectified Korean Triage and Acuity Scale; SpO2, peripheral capillary oxygen saturation; SBP, systolic blood pres-
sure; GCS, Glasgow Coma Scale; SIRS, systemic inflammatory response syndrome; PR, pulse rate; RR, respiratory rate; BT, body temperature.
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toms were established (Supplementary Table 2, only online). 
For example, in the diarrhea section (KTAS 5), only chronic di-
arrhea was an indicator of KTAS values. We hypothesized that 
there should be at least a mild acute exacerbation even if the 
patient’s symptoms were chronic diarrhea. Therefore, the min-
imal OTAS level was defined as level 4 in this case. Also, “bleed-
ing disease” that requires listening to the patient’s medical histo-
ry, and the “mechanism of the accident,” which requires accurate 
information in the pre-hospital stage, were excluded for rapid 
triage.

Finally, the highest level (lowest number) was selected by 
comparing the minimal OTAS level according to the main symp-
tom and the OTAS level according to the objective criterion. 
The calculation of each OTAS level according to objective cri-
teria, the selection of OTAS level according to main symptoms, 
and the process of selecting the highest value among them 
were all automated.

Moreover, since the prognosis of patients admitted to the ED 
varied according to age, for patients aged 65 years or older, the 
OTAS value was increased by 1 to obtain the S-OTAS.9 In addi-
tion, to reflect age as a continuous variable, a logistic regres-
sion age-adjusted objectified Korean Triage and Acuity Scale 
(LR-OTAS) model was made using logistic regression. Accord-
ingly, OTAS, S-OTAS, and LR-OTAS were obtained using SBP, 
PR, Sat, RR, level of consciousness, BT, minimal OTAS level for 
each main symptom, and age.

Statistical analyses
Continuous variables were examined with the Shapiro-Wilk 
test to determine the normality of the distribution, and were 
then expressed as the median (interquartile range). Students’ 
t-tests or Wilcoxon rank-sum tests were performed depending 
on the normality of the variables’ distributions, as appropriate. 
Categorical variables were described as a number with a per-
centage and compared using the χ2-test or Fisher’s exact test, 
as appropriate.

A cross-table was used for the comparison between S-OTAS 
level and KTAS level. The rate of agreement between the S-
OTAS level and KTAS level was expressed through the KTAS 
standard accuracy concordance. Scoring discrepancies were 
defined as the score differences between S-OTAS and KTAS, 
which were calculated by S-OTAS level minus KTAS level. A 
multivariable logistic regression model with the input method 
was used for obtaining LR-OTAS. The OTAS level and age were 
included for calculating the probability of 30-day mortality.

To investigate the relationship between death within 30 days 
and KTAS, OTAS, S-OTAS, and LR-OTAS, a generalized linear 
model was created with death within 30 days as the dependent 
variable and KTAS, OTAS, S-OTAS, and LR-OTAS as the inde-
pendent variables. The area under the curve (AUC) of the re-
ceiver operating characteristic described and compared the 
overall performances of the three methods. The AUCs were 
calculated and compared according to the method of Hanley 

and McNeil.
All data processing and statistical analyses were performed 

using R software, version 4.0.3 (R Foundation for Statistical 
Computing, Vienna, Austria). A two-tailed p-value less than 0.05 
was considered statistically significant.

RESULTS

Among the 167861 patients (Seoul National University Bun-
dang Hospital 89728 patients, Chuncheon Sacred Heart Hospi-
tal 33741 patients, Dongguk University Ilsan Hospital 44392 pa-
tients) who visited the ED in 2019 from the three hospitals used 
for the study during the period, 49761 patients were eligible, 
after excluding 41220 patients under the age of 18, 287 patients 
who arrived in a state of death, and 76593 patients whose vital 
signs were missing. Among them, a total of 44402 patients were 
analyzed after excluding non-medical visit patients, patients 
who had been transferred from other hospitals after receiving 
the diagnosis and treatment at other hospitals which could af-
fect the KTAS level, patients who had gone to other hospitals 
and thus the final results were unknown, and patients whose 
KTAS level or discharge results were missing (Fig. 1).

The characteristics of patients compared according to the S-
OTAS level showed statistically significant differences between 
levels of all variables (Table 2). When comparing S-OTAS and 
KTAS, the overall agreement rate was 43.6% with KTAS as the 
reference value. For each score, level 1 was 71.9%, level 2 was 
50.4%, level 3 was 46.5%, level 4 was 24.8%, and level 5 was 

Assessed for eligibility
(total visit in ED in 2019)

(n=167861)

Eligible patients 
(n=49761)

Included patients
(n=44402)

Not eligible (n=118100)
Age <18 years (n=41220)
DOA (n=287)
Invalid value (n=76593)

Saturation (n=76195)
Respiratory rate (n=285)
Blood pressure (n=113)

Excluded (n=5359)
Non-medical visit (n=212)
Transfer from the other hospital (n=2812)
Transfer to the other hospital out (n=1863)
Invalid value (n=472)

KTAS level (n=446)
Discharge outcome (n=26)

Fig. 1. Flow diagram showing patient inclusion. ED, emergency depart-
ment; DOA, dead on arrival; KTAS, Korean Triage and Acuity Scale.
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23.2%, showing a tendency that the lower the level, the lower 
the concordance rate. The scoring discrepancies between S-
OTAS and KTAS ranged from -4 to 3 (Table 3).

In distribution comparison between S-OTAS and KTAS, S-
OTAS showed a sequential decrease from levels 1 to 5 regard-
ing the rates of 30-day mortality, 7-day mortality, ED mortality, 
and ICU admission, while there was no increasing or decreas-
ing tendencies in KTAS. The rate of CT scan was the highest at 
level 3 for both S-OTAS and KTAS, and the rates of CT scan at 
levels 1 and 2 were higher in S-OTAS than in KTAS. Regarding 
the rate of emergency procedures, it was the highest in level 1 
in both S-OTAS and KTAS, and decreased sequentially accord-
ing to the level. Compared to KTAS, S-OTAS showed a greater 
decrease according to the level (Fig. 2).

The results of calculating AUC by applying the generalized 
linear model with KTAS, OTAS, S-OTAS, and LR-OTAS as inde-
pendent variables with 30-day mortality as the outcome were 
as follows. In KTAS, AUC was 0.751, while AUC was 0.780 for 
OTAS, 0.812 for S-OTAS, and 0.837 for LR-OTAS, all showing 
improved results compared to KTAS, and showed a significant 
difference with p<0.001 (Fig. 3A). For 7-day mortality, AUCs 
were 0.783, 0.818, 0.846, and 0.869 for KTAS, OTAS, S-OTAS, and 
LR-OTAS, respectively. OTAS, S-OTAS, and LR-OTAS showed 
significant differences compared to KTAS (p<0.001) (Fig. 3B). 
In terms of ED mortality, AUCs were significantly different only 
between KTAS and LR-OTAS (0.848 and 0.907, respectively; 
p=0.001) (Fig. 3C). In the AUCs comparison of each group re-
garding ICU admission, there were significant differences be-
tween KTAS and OTAS (0.766 and 0.714, respectively; p<0.001) 
as well as KTAS and S-OTAS (0.766 and 0.749, respectively, 
p<0.001) (Fig. 3D). With regard to the rate of CT scan, AUCs 
were 0.571, 0.550, 0.583, and 0.623 for KTAS, OTAS, S-OTAS, 
and LR-OTAS, respectively, and there were statistically signifi-
cant differences between S-OTAS and KTAS (p< 0.001) and LR-
OTAS and KTAS (p<0.001) (Fig. 3E). S-OTAS and LR-OTAS also 
showed higher AUCs compared to KTAS in the rate of emer-
gency procedures (Fig. 3F).

Table 2. Clinical Characteristics of Patients according to the S-OTAS Level

Characteristics Total (n=44402)
S-OTAS level

p value
Level 1 (n=5077) Level 2 (n=12977) Level 3 (n=18375) Level 4 (n=6525) Level 5 (n=1448)

Age (yr) 57.3±19.9 73.7±14.5 70.0±16.1 45.6±15.2 54.7±19.2 44.4±13.3 <0.001
Male 21498 (48.8) 2752 (54.2) 6528 (50.3) 8735 (47.5) 3152 (48.3) 717 (49.5) <0.001
SBP (mm Hg) 133.7±26.9 124.0±36.8 136.0±27.8 133.9±24.1 136.1±22.9 134.4±21.6 <0.001
DBP (mm Hg) 77.4±16.6 68.3±21.9 75.3±16.5 80.3±15.2 79.9±12.8 81.5±12.7 <0.001
PR (beats/min) 88.7±20.7 98.4±25.3 89.0±22.3 89.2±20.1 80.8±10.7 81.6±10.0 <0.001
RR (breaths/min) 20.0±2.9 22.9±5.4 20.5±2.6 19.8±1.6 17.7±0.9 17.7±0.9 <0.001
BT (°C) 36.9±1.0 36.9±1.7 36.9±1.1 36.8±0.8 36.7±0.7 36.7±0.6 <0.001
SpO2 (%) 97.3±3.4 93.1±7.5 97.2±2.2 98.1±1.6 98.1±1.5 98.2±1.4 <0.001
Mental status <0.001

Alert (%) 41752 (94.0) 2747 (54.1) 12657 (97.5) 18375 (100.0) 6525 (100.0) 1448 (100.0)
Verbal response 1074 (2.4) 754 (14.9) 320 (2.5) 0 (0.0) 0 (0.0) 0 (0.0)
Painful response 1251 (2.8) 1251 (24.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Unresponsive 325 (0.7) 325 (6.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Outcomes
30-day mortality 868 (2.0) 529 (10.4) 227 (1.7) 77 (0.4) 32 (0.5) 3 (0.2) <0.001
7-day mortality 533 (1.2) 362 (7.1) 127 (1.0) 31 (0.2) 12 (0.2) 1 (0.1)
ED mortality 125 (0.3) 98 (1.9) 21 (0.2) 4 (0.0) 1 (0.0) 1 (0.1)
ICU admission 3763 (8.5) 1523 (30.0) 1390 (10.7) 662 (3.6) 177 (2.7) 11 (0.8)
CT scan 21707 (48.9) 3559 (70.1) 6662 (51.3) 8210 (44.7) 2955 (45.3) 321 (22.2)
Procedure 762 (1.7) 490 (9.7) 189 (1.5) 64 (0.3) 18 (0.3) 1 (0.1)

S-OTAS, simple age-adjusted objectified Korean Triage and Acuity Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; RR, respira-
tory rate; BT, body temperature; SpO2, peripheral capillary oxygen saturation; ED, emergency department; ICU, intensive care unit; CT, computed tomography.
Variables are expressed as mean±SD or n (%)

Table 3. S-OTAS Compared with KTAS

KTAS 
level

S-OTAS level
Concordance (%)

Level 1 Level 2 Level 3 Level 4 Level 5
1 878 57 43 4   0 878/982 (89.4)
2 2051 2361 831 175   29 2361/5447 (43.3)
3 2010 9022 13806 4578   605 13806/30021 (46.0)
4 126 1340 3067 1674   532 1674/6739 (24.8)
5 12 197 628 94 282 282/1213 (23.2)

Total 5077 12977 18375 6525 1448 19001/44402 (42.8)
S-OTAS, simple age-adjusted objectified Korean Triage and Acuity Scale; 
KTAS, Korean Triage and Acuity Scale.
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DISCUSSION

In the present study, when comparing the AUCs of each model 
with 30-day mortality, with the rates of CT scan and emergen-
cy procedures as the outcomes, S-OTAS and LR-OTAS were 
higher than KTAS.

The effectiveness of current triage tools in the ED has been 
demonstrated in several studies. In the study by Lee, et al.,10 the 
CTAS score, severity of elderly patients (death and admission 
rate), and resource utilization (length of stay, cost, consultation, 
and the use of a CT scan) showed a strong correlation, and 
high predictability for immediate life-saving intervention was 
shown in the elderly. Also, in the study by Martins, et al.,17 MTS 
was associated with short-term mortality and was a powerful 
tool to distinguish patients who would stay in the ED for more 
than 24 hours. In the study by Cremonesi, et al.,18 the more se-
vere the overcrowding of the ED, the longer the time to treat-
ment for the non-urgent patients was, but the waiting time of 
urgent patients did not increase, proving that the triage priori-
ty system is effective in situations of overcrowding.

Contrary to these studies, there were studies showing the dis-
advantages of the triage system. Triage had various problems 
such as limited information, time pressure, various medical con-
ditions, dependence on intuition, etc. As a result, more than 50% 
of patients who visited the ED were at level 3, an ambiguous 
intermediate stage.14,19 In the study by Wuerz, et al.,20 the reli-
ability between interrater and intrarater was low; and in the 
study by Mistry, et al.,21 the agreement between ESI score eval-

uated by the nurse and the reference standard was low. In the 
study by Han, et al.,22 the ambulance diversion and left-with-
out-being-seen (LWBS) cases decreased and the ED length of 
stay decreased when triage was performed by physicians com-
pared to the other cases. This means that the effectiveness of 
classification varies depending on the classifier. In the study 
by Zachariasse, et al.,23 there was a difference in MTS perfor-
mance between age groups, as well as a difference in validity. 
In addition, there were differences in performance between 
evaluation agencies. In the KTAS-related study by Lee, et al.,6 
there was an over-triage problem due to the subjective factor 
of pain, as well as a negative impact on the predictability of ur-
gent patients.

Various efforts are being made to overcome the problems of 
this triage system. Canada developed a web-based triage de-
cision support tool (eTRAIGE) based on CTAS. In recent years, 
the electronic Canadian Triage and Acuity Scale (eCTAS), a 
real-time electronic decision-support tool, has also been de-
veloped and used.8,24,25 In the studies by McLeod, et al.,26 the 
effects before and after the use of eCTAS were compared, and 
the triage accuracy after eCTAS use showed significant im-
provement, as well as high interrater agreement and a remark-
able decrease in the number of over-under-triages. However, 
the time required for classification increased, and the accura-
cy of classification at CTAS levels 4 and 5 decreased. In another 
eCTAS-related study, the use of eCTAS showed little effect on 
hospital admission, rate of LWBS, and time to physician initial 
assessment compared to before its usage.27 Recently, studies 

Fig. 2. Outcome distribution comparison between S-OTAS and KTAS. (A) 30-day mortality. (B) 7-day mortality. (C) ED mortality. (D) ICU admission. (E) CT 
scan. (F) Emergency procedure. S-OTAS, simple age-adjusted objectified Korean Triage and Acuity Scale; KTAS, Korean Triage and Acuity Scale; ED, 
emergency department; ICU, intensive care unit; CT, computed tomography.
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using machine learning are also actively progressing. Levin, et 
al.28 developed a machine-learning-based triage tool, which 
showed similar or improved results to ESI in identifying patients 
with critical outcomes. In the study by Goto, et al.,29 when ma-
chine learning approaches were applied to the ED triage, the 
discriminative ability to predict clinical and disposition out-
comes was increased compared to the conventional triage ap-
proach, and high sensitivity was shown in the prediction of crit-
ical care outcomes. Yu, et al.30 combined machine learning with 
initial nurse assessment and compared it with KTAS, which 
was better in predicting ED death and ICU admission. However, 
despite the advantages of this triage system using machine learn-
ing, due to the property of machine learning, it is not possible 

to confirm which algorithm was classified, and it can be a de-
cisive obstacle to application when considering the domestic 
situation in which emergency medical fees are set based on 
the results of KTAS classification. Similar to our study, some 
studies have classified patients using physiological data. How-
ever, these studies included small number of samples; and al-
though they were effective in detecting patient deterioration, 
there was no significant benefit of use as a triage system.31,32

S-OTAS, on the other hand, does not require an expert for tri-
age; therefore, there is no cost or time spent on expert training 
and retraining. Also, since subjective factors are excluded, there 
would be no discrepancy between the evaluators or institu-
tions. In addition, the basis for classification can be clarified, so 

Fig. 3. AUC comparison between four triage and acuity scales. (A) 30-day mortality. (B) 7-day mortality. (C) ED mortality. (D) ICU admission. (E) CT scan. (F) 
Emergency procedure. AUC, area under the curve; KTAS, Korean Triage and Acuity Scale, OTAS, objectified Korean Triage and Acuity Scale; S-OTAS, 
simple age-adjusted objectified Korean Triage and Acuity Scale; LR-OTAS, logistic regression age-adjusted objectified Korean Triage and Acuity Scale; 
ED, emergency department; ICU, intensive care unit; CT, computed tomography.
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it would be reasonable to apply it to the current Korean insur-
ance system. Furthermore, in connection with the electronic 
medical records, the triage could be performed and displayed 
immediately by simply inputting the main symptom, vital signs, 
and level of consciousness without a separate procedure. Even 
when there are changes in vital signs or consciousness after en-
tering the ED, the re-triage could be accomplished immediately 
by simply recording some variables in the electronic medical 
records.

In addition, S-OTAS showed a greater difference in AUC in 
30-day mortality, 7-day mortality, CT scan, and emergency pro-
cedure compared to KTAS. Also, in the distribution of 30-day 
mortality, 7-day mortality, and ED mortality, S-OTAS showed 
the highest rate at level 1 and the rate decreased sequentially, 
but KTAS showed the highest at levels 2 and 3. In addition, there 
were more patients with levels 1 and 2, fewer in level 3, and simi-
lar numbers in levels 4 and 5 in S-OTAS compared to KTAS, 
which means that there were less ambiguous intermediate level 
3s in S-OTAS. Regarding ICU admission, AUC was higher in 
KTAS than in S-OTAS. However, as for the distribution accord-
ing to triage level, S-OTAS showed the highest rate in level 1 and 
a sequential decrease like mortality, whereas it was highest in 
levels 2 and 3 in KTAS. Given all of these, S-OTAS has a compar-
ative advantage over KTAS as a triage tool for distinguishing se-
verely ill patients. 

Currently, KTAS recommends ED arrival to physician inter-
vals as immediate, 10 minutes, 30 minutes, 60 minutes, and 120 
minutes according to KTAS levels 1, 2, 3, 4, and 5, respectively. 
Compared with KTAS, the number of level 1 patients was about 
5.2 times more and the number of level 2 patients was 2.4 times 
more in S-OTAS. Therefore, it might be difficult to treat S-OTAS 
level 1 patients immediately and treat S-OTAS level 2 patients 
within 10 minutes according to the current KTAS standards. 
However, the data analyzed in this study were from three uni-
versity hospitals. Therefore, 5077 S-OTAS level 1 patients means 
there were 4–5 patients per day in each hospital, and 12977 S-
OTAS level 2 patients means 11–12 patients per day in each 
hospital. Considering this, it might be possible to apply the cur-
rent KTAS standard to S-OTAS. Additionally, if the physician fails 
to examine the patient within the recommended time, KTAS 
recommends continuous monitoring, reassessment every 10 
minutes, 30 minutes, 60 minutes, and 120 minutes for the pa-
tients in the waiting room according to KTAS levels 1, 2, 3, 4, 
and 5, respectively. These recommendations can be also used 
in S-OTAS. Nevertheless, the conclusion could not be made re-
garding the ED arrival to physician intervals or reassess time in 
accordance with the S-OTAS level in this study. Further stud-
ies are needed to investigate these factors.

In the present study, age was an important factor in triage. 
To determine whether a strong influence of age, not due to ob-
jectification, influenced the outcome, the simple age-adjusted 
Korean Triage and Acuity Scale (S-KTAS) reflecting age in 
KTAS was made and compared with KTAS and S-OTAS. S-KTAS 

showed better classification results compared to KTAS, but the 
AUC for 30-day mortality was still higher in S-OTAS than in S-
KTAS (Supplementary Figs. 1 and 2, only online). In addition, 
LR-OTAS, which reflects the influence of age using logistic re-
gression, showed better classification results compared to S-
OTAS. However, there was a limit that could not be applied to 
the currently used five-level triage tool.

KTAS, which was used as a basic framework when develop-
ing S-OTAS, was developed based on CTAS. CTAS is being used 
not only in Canada but also in many other countries, including 
Saudi Arabia, Costa Rica, Hungary, Barbados, Trinidad, and 
Turks and Caicos.33,34 In addition, several triage scales, such as 
the Japan Triage Acuity Scale and the Taiwan Triage Acuity Scale, 
have been developed based on CTAS.9,34,35 Given those, objec-
tification methods in this research could be applied to CTAS 
and other CTAS-based triage tools as well as KTAS.

This study had several limitations. First, many of the ED pa-
tients were not eligible due to missing values. In particular, 
76190 patients accounted for most of the cases in which the 
oxygen saturation value was omitted among vital signs. This 
was because pulse oximetry was not applied to the patients 
who did not have any symptoms related to the respiration; 
however, there could be severely ill patients whose saturation 
was not detected. Considering the triage distribution results, 
it is possible that many patients with mild symptoms were ex-
cluded, which may be the cause of the increased proportion 
of patients with KTAS levels 1, 2, and 3.

Second, although data from two urban hospitals and one 
rural hospital were used, it may be difficult to apply the results 
of this study to other hospitals. In addition, since this study was 
conducted in three academic hospitals, the ratio of KTAS lev-
els 1, 2, and 3 was about 71% (36450/44402 patients). This was 
similar to other studies conducted in academic hospitals.6,36,37 
However, it was different from the 44% of studies conducted 
nationwide.38,39 Therefore, the results of this study can be inter-
preted as S-OTAS better reflecting the severity of patients with 
KTAS levels 1, 2, and 3.

Third, patients who were discharged with improved condition 
were assumed to survive in this study. However, there might 
be patients who died after discharge despite showing improve-
ment before being discharged.

Fourth, in the results of the discrepancy between S-OTAS 
and KTAS, 878 (89.4%) of 982 patients with KTAS level 1 were S-
OTAS level 1, whereas 878 (17.3%) of 5077 patients with S-OTAS 
level 1 had KTAS level 1, suggesting the possibility of overtri-
age, which may have increased the AUC value of S-OTAS for 
mortality.

Last, in the depression/suicidal or deliberate self-harm cat-
egory, modifiers that depend on the subjective evaluation of 
the medical staff such as clear plan, active suicide intent, un-
certain flight, and safety risk could not be reflected in S-OTAS.

In conclusion, in adult patients visiting the ED, the 30-day 
mortality AUC of S-OTAS was 0.812 and the 7-day mortality 
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AUC was 0.846, which were significantly higher than those of 
KTAS (0.751; p<0.001, 0.783; p<0.001, respectively).

ACKNOWLEDGEMENTS

This work has supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korean government 
(MSIT) (No. NRF-2019R1F1A1060278).

AUTHOR CONTRIBUTIONS

Conceptualization: Dong Keon Lee. Data curation: Dong Won Kim 
and Kui Ja Lee. Formal analysis: Dong Keon Lee and Yong Hun Min. 
Funding acquisition: Kui Ja Lee. Investigation: Dong Keon Lee and 
Dong Won Kim. Methodology: Dong Keon Lee. Project administra-
tion: Dong Keon Lee. Resources: Dong Keon Lee, Dong Won Kim, 
and Yong Won Kim. Software: Dong Keon Lee, Dong Won Kim, and 
Yong Hun Min. Supervision: You Hwan Jo. Validation: Yong Won Kim. 
Visualization: Hyo Ju Choi. Writing—original draft: Seung Wook Kim. 
Writing—review & editing: Dong Won Kim. Approval of final manu-
script: all authors.

ORCID iDs

Seung Wook Kim https://orcid.org/0000-0003-1859-0187
Yong Won Kim https://orcid.org/0000-0003-0108-8932
Yong Hun Min https://orcid.org/0000-0002-0700-9185
Kui Ja Lee https://orcid.org/0000-0003-4747-9250
Hyo Ju Choi https://orcid.org/0000-0001-7431-3825
Dong Won Kim https://orcid.org/0000-0002-3911-8888
You Hwan Jo https://orcid.org/0000-0002-9507-7603
Dong Keon Lee https://orcid.org/0000-0003-0490-1837

REFERENCES

1. Guttmann A, Schull MJ, Vermeulen MJ, Stukel TA. Association 
between waiting times and short term mortality and hospital ad-
mission after departure from emergency department: population 
based cohort study from Ontario, Canada. BMJ 2011;342:d2983.

2. Pines JM, Hollander JE. Emergency department crowding is asso-
ciated with poor care for patients with severe pain. Ann Emerg 
Med 2008;51:1-5.

3. Sills MR, Fairclough D, Ranade D, Kahn MG. Emergency depart-
ment crowding is associated with decreased quality of care for 
children. Pediatr Emerg Care 2011;27:837-45.

4. FitzGerald G, Jelinek GA, Scott D, Gerdtz MF. Emergency depart-
ment triage revisited. Emerg Med J 2010;27:86-92.

5. Christ M, Grossmann F, Winter D, Bingisser R, Platz E. Modern 
triage in the emergency department. Dtsch Arztebl Int 2010;107: 
892-8.

6. Lee JH, Park YS, Park IC, Lee HS, Kim JH, Park JM, et al. Over-tri-
age occurs when considering the patient’s pain in Korean triage 
and acuity scale (KTAS). PLoS One 2019;14:e0216519.

7. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent re-
porting of a multivariable prediction model for individual progno-
sis or diagnosis (TRIPOD): the TRIPOD statement. Br J Surg 2015; 
102:148-58.

8. Dong SL, Bullard MJ, Meurer DP, Blitz S, Akhmetshin E, Ohinmaa 
A, et al. Predictive validity of a computerized emergency triage 
tool. Acad Emerg Med 2007;14:16-21.

9. Kuriyama A, Kaihara T, Ikegami T. Validity of the Japan acuity and 
triage scale in elderly patients: a cohort study. Am J Emerg Med 
2019;37:2159-64.

10. Lee JY, Oh SH, Peck EH, Lee JM, Park KN, Kim SH, et al. The valid-
ity of the Canadian triage and acuity scale in predicting resource 
utilization and the need for immediate life-saving interventions 
in elderly emergency department patients. Scand J Trauma Re-
susc Emerg Med 2011;19:68.

11. Grafstein E, Bullard MJ, Warren D, Unger B; CTAS National Work-
ing Group. Revision of the Canadian emergency department in-
formation system (CEDIS) presenting complaint list version 1.1. 
CJEM 2008;10:151-73.

12. Grafstein E, Unger B, Bullard M, Innes G. Canadian emergency 
department information system (CEDIS) presenting complaint 
list (version 1.0). CJEM 2003;5:27-34.

13. Dugas AF, Kirsch TD, Toerper M, Korley F, Yenokyan G, France D, 
et al. An electronic emergency triage system to improve patient 
distribution by critical outcomes. J Emerg Med 2016;50:910-8.

14. Jones AE, Aborn LS, Kline JA. Severity of emergency department 
hypotension predicts adverse hospital outcome. Shock 2004;22: 
410-4.

15. Considine J, Jones D, Pilcher D, Currey J. Patient physiological 
status at the emergency department-ward interface and emer-
gency calls for clinical deterioration during early hospital admis-
sion. J Adv Nurs 2016;72:1287-300.

16. McNarry AF, Goldhill DR. Simple bedside assessment of level of 
consciousness: comparison of two simple assessment scales with 
the Glasgow Coma scale. Anaesthesia 2004;59:34-7.

17. Martins HM, Cuña LM, Freitas P. Is Manchester (MTS) more than a 
triage system? A study of its association with mortality and admis-
sion to a large Portuguese hospital. Emerg Med J 2009;26:183-6.

18. Cremonesi P, di Bella E, Montefiori M, Persico L. The robustness 
and effectiveness of the triage system at times of overcrowding and 
the extra costs due to inappropriate use of emergency depart-
ments. Appl Health Econ Health Policy 2015;13:507-14.

19. Arya R, Wei G, McCoy JV, Crane J, Ohman-Strickland P, Eisenstein 
RM. Decreasing length of stay in the emergency department with 
a split emergency severity index 3 patient flow model. Acad Emerg 
Med 2013;20:1171-9.

20. Wuerz R, Fernandes CM, Alarcon J; Emergency Department Op-
erations Research Working Group. Inconsistency of emergency 
department triage. Ann Emerg Med 1998;32:431-5.

21. Mistry B, Stewart De Ramirez S, Kelen G, Schmitz PSK, Balhara KS, 
Levin S, et al. Accuracy and reliability of emergency department 
triage using the emergency severity index: an international multi-
center assessment. Ann Emerg Med 2018;71:581-7.e3.

22. Han JH, France DJ, Levin SR, Jones ID, Storrow AB, Aronsky D. The 
effect of physician triage on emergency department length of stay. 
J Emerg Med 2010;39:227-33.

23. Zachariasse JM, Seiger N, Rood PP, Alves CF, Freitas P, Smit FJ, et 
al. Validity of the Manchester triage system in emergency care: a 
prospective observational study. PLoS One 2017;12:e0170811.

24. ectas-ATC-Access to Care [accessed on 2021 May 26]. Available 
at: https://atc.cancercare.on.ca/ectas#:~:text=The%20Electron-
ic%20Canadian%20Triage%20and,guidelines%20(CTAS)%20
across%20Ontario.

25. Dong SL, Bullard MJ, Meurer DP, Colman I, Blitz S, Holroyd BR, et 
al. Emergency triage: comparing a novel computer triage program 
with standard triage. Acad Emerg Med 2005;12:502-7.

26. McLeod SL, McCarron J, Ahmed T, Grewal K, Mittmann N, Scott S, 
et al. Interrater reliability, accuracy, and triage time pre-and post-
implementation of a real-time electronic triage decision-support 
tool. Ann Emerg Med 2020;75:524-31.

https://atc.cancercare.on.ca/ectas#:~:text=The%20Electronic%20Canadian%20Triage%20and,guidelines%20(CTAS)%20across%20Ontario
https://atc.cancercare.on.ca/ectas#:~:text=The%20Electronic%20Canadian%20Triage%20and,guidelines%20(CTAS)%20across%20Ontario
https://atc.cancercare.on.ca/ectas#:~:text=The%20Electronic%20Canadian%20Triage%20and,guidelines%20(CTAS)%20across%20Ontario


281

Seung Wook Kim, et al.

https://doi.org/10.3349/ymj.2022.63.3.272

27. McLeod SL, Grewal K, Thompson C, Thabane L, Borgundvaag B, 
Ovens H, et al. Influence of electronic triage decision-support on 
hospital admission, left without being seen and time to physician 
initial assessment in the emergency department. CJEM 2021;23: 
214-8.

28. Levin S, Toerper M, Hamrock E, Hinson JS, Barnes S, Gardner H, et 
al. Machine-learning-based electronic triage more accurately dif-
ferentiates patients with respect to clinical outcomes compared 
with the emergency severity index. Ann Emerg Med 2018;71:565-
74.e2.

29. Goto T, Camargo CA Jr, Faridi MK, Freishtat RJ, Hasegawa K. Ma-
chine learning–based prediction of clinical outcomes for children 
during emergency department triage. JAMA Netw Open 2019;2: 
e186937.

30. Yu JY, Jeong GY, Jeong OS, Chang DK, Cha WC. Machine learning 
and initial nursing assessment-based triage system for emergen-
cy department. Healthc Inform Res 2020;26:13-9.

31. Alam N, Vegting IL, Houben E, van Berkel B, Vaughan L, Kramer 
MH, et al. Exploring the performance of the national early warn-
ing score (NEWS) in a European emergency department. Resus-
citation 2015;90:111-5.

32. Subbe CP, Slater A, Menon D, Gemmell L. Validation of physiolog-
ical scoring systems in the accident and emergency department. 

Emerg Med J 2006;23:841-5.
33. Arafat A, Al-Farhan A, Abu Khalil H. Implementation of the Cana-

dian emergency department triage and acuity scale (CTAS) in an 
urgent care center in Saudi Arabia. Int J Emerg Med 2016;9:17.

34. Bullard MJ, Unger B, Spence J, Grafstein E; CTAS National Work-
ing Group. Revisions to the Canadian emergency department tri-
age and acuity scale (CTAS) adult guidelines. CJEM 2008;10:136-
42. 

35. Ng CJ, Yen ZS, Tsai JC, Chen LC, Lin SJ, Sang YY, et al. Validation 
of the Taiwan triage and acuity scale: a new computerised five-
level triage system. Emerg Med J 2011;28:1026-31.

36. Choi SW, Ko T, Hong KJ, Kim KH. Machine learning-based pre-
diction of Korean triage and acuity scale level in emergency de-
partment patients. Healthc Inform Res 2019;25:305-12.

37. Kim HI, Oh SB, Choi HJ. Inter-rater agreement of Korean triage 
and acuity scale between emergency physicians and nurses. J Ko-
rean Soc Emerg Med 2019;30:309-17.

38. Choi H, Ok JS, An SY. [Evaluation of validity of the Korean triage 
and acuity scale]. J Korean Acad Nurs 2019;49:26-35.

39. Kwon JM, Lee Y, Lee Y, Lee S, Park H, Park J. Validation of deep-
learning-based triage and acuity score using a large national da-
taset. PLoS One 2018;13:e0205836.




