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ABSTRACT

Introduction: The objective of this study was to examine whether the Emergency Severity Index (ESI) can be
introduced into the emergency department (ED).

Methods: This study used a pre-post intervention design. Data were collected from patients who visited the
ED after hours and had their urgency assessed using the facility’s existing five-level triage system during
a three-month period before the intervention. Over a one-month period, the participants underwent an ESI
educational program. The ESI was then used for triage, and data were collected for another three months.
The primary outcome was the inter-rater agreement between the triage nurse and the emergency physician
on the urgency of patients visiting the ED. Secondary outcomes included the rates of under-triage (UT) and
over-triage (OT).

Results: Two nurses and one emergency physician participated. The total number of triaged cases analyzed
was 75 before and 77 after the intervention. Overall inter-rater agreement between the emergency physician
and nurse was x (95 % confidence interval) = 0.35 (0.23-0.46 Fair) pre-intervention and 0.66 (0.48-0.83
Substantial) post-intervention. All severity levels showed higher inter-rater agreement after the intervention.
There was a significant reduction and large effect size for UT post-intervention.

Conclusion: The ESI allows for more accurate triage decisions.

INTRODUCTION

The yearly increase in patient visits to emergency
departments (EDs) has raised concerns about the deterio-
ration of patients’ conditions while waiting for a physi-

cian’s assessment. As a countermeasure, triage, assessing
the urgency of a patient’s condition before a physician’s
examination and identifying patients who require immediate
care, has been promoted [1]. Triage involves categorizing
patients based on degree of severity to prioritize those with
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the highest urgency and ensure timely physician assessment.
Initially, a three-level triage system was standard, but fol-
lowing recommendations from the American College of
Emergency Physicians in 2010, a more reliable and valid
five-level triage system became the standard [2]. This triage
system is typically performed by triage nurses, who are the
first to interact with patients in the ED. To enhance the stan-
dardization and consistency of triage and improve patient
safety, triage tools have been introduced to assist in triage
decision-making, contributing to improved reliability and
validity [3]. In line with international trends, Japan has seen
the widespread adoption of triage tools, starting in 2012
with the Japan Triage and Acuity Scale (JTAS), developed
based on the Canadian Triage and Acuity Scale (CTAS) [4].
However, despite the progress in adopting triage systems
in Japan, there remain challenges in fully implementing
the five-level system and ensuring the thorough integration
of post-education programs [5]. Furthermore, a survey of
Japanese emergency centers indicated that the lack of triage
education systems, insufficient manpower (both physicians
and nurses), and the cost of implementing triage tools were
cited as reasons for not adopting triage tools [6]. In other
words, one of the challenges in the ED in Japan is the lack
of implementation of triage tools in many facilities. Instead,
these facilities rely on their own criteria to determine the
level of urgency, which has exposed issues regarding the
reliability and validity of the triage outcomes. However, the
same survey found that, even in facilities without triage
tools, triage nurses expressed a willingness to learn if
given the opportunity. Considering these issues in Japan,
the present study focused on the Emergency Severity Index
(ESI) Version 4, an internationally recognized system.

The ESI is a reliable and valid international triage tool
that, in addition to the traditional clinical reasoning-based
patient evaluation, assesses the urgency of the patient’s
condition using its own algorithm [7]. The ESI enables
triage nurses to leverage their expertise, potentially reduc-
ing waiting times for physician assessments, and creating
new opportunities for nurses to play a more active role.
Moreover, the ESI can be introduced without the need
for specialized equipment or devices, reducing the cost
of implementation.

A previous study comparing the accuracy of the ESI
with mock patients found that it more accurately determined
patient urgency than the JTAS, which is the most widely
used tool in Japan, suggesting its potential applicability in
the ED [8]. The ESI’s ability to provide more precise assess-
ments of patient urgency suggests it could contribute to the
widespread adoption of triage tools, particularly in facilities
that have hesitated to implement them.

The objective of this study was to introduce the interna-
tionally recognized ESI to facilities that have not previously
implemented any triage tool and to evaluate its effectiveness
based on changes in triage accuracy, waiting time for medi-

cal consultation, and length of stay in the ED. This initiative
aims to promote the adoption of the internationally stan-
dardized five-level triage tool in emergency medical prac-
tice. By implementing a reliable and valid triage system,
it seeks to contribute to the standardization of emergency
patient care.

MATERIALS AND METHODS

Ethics approval

This study was planned in accordance with the Dec-
laration of Helsinki and Japan’s “Ethical Guidelines for
Medical and Health Research Involving Human Subjects,”
and approval was obtained from the Research Ethics Com-
mittee of Osaka Medical and Pharmaceutical University
(Approval No.: 2023-017). In addition, the study was reg-
istered with the University Hospital Medical Information
Network (UMIN) (Trial ID: UMIN000052596).

Informed consent was obtained from the study partici-
pants after explaining the study content both orally and in
writing. For patients visiting the ED where the study took
place, an opt-out notice regarding the study was posted in
the ED and on the hospital’s website.

Participants

The participants in this study were triage nurses and
emergency physicians working in the ED. Initially, four
nurses from the 24 employed in the ED, who were involved
in triage, and one physician from the 44 ED physicians
were selected based on selection criteria. Then, the objec-
tives of the study were explained to them verbally. Subse-
quently, consent was obtained from two nurses and one
emergency physician.

Selection criteria included more than three but fewer
than 20 years of professional experience, and routine han-
dling of emergency cases at night or on holidays. Exclusion
criteria included those who had no prior experience with
triage using tools or other reasons deemed unsuitable by the
research investigators.

Trial design

This study used a pre-post intervention design. Data
were collected during a specific period before the interven-
tion from patients who visited the ED facility at night or
on holidays. In the workflow of this study, patients visiting
the emergency department were first assessed by a triage
nurse, who determined the triage level, including informa-
tion gathered from the patient history. The triage nurse
then communicated findings, excluding the triage level, to
the emergency physician. The emergency physician inde-
pendently determined the triage level based on the history-
taking results, following a medical examination. The facility
had no systematic triage tool such as JTAS, but the own
five-level triage tool assessed by participants. In this triage
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system, Level 1 was assigned to patients requiring immedi-
ate resuscitation, Level 2 to those with severe conditions
such as myocardial infarction or suspected pneumonia with
sepsis, Level 3 to those with gastrointestinal symptoms or
fractures, Level 4 to those with minor injuries or conditions
like a laceration, and Level 5 to non-urgent cases. Prior
to the intervention, neither the two triage nurses nor the
emergency physician conducted retrospective reviews of the
triage results, and no opportunities for reflection were pro-
vided.

During the one-month period following the end of the
pre-intervention, the participants underwent the interven-
tion, an ESI educational program. The program was led
by certified ESI instructors, including a nurse educator who
served as the principal investigator and a critical care certi-
fied nurse. It lasted six hours and covered topics including
an overview of the ESI, guidelines for each triage level, and
pediatric triage. Following the educational intervention, the
ESI was used for triage, and data were collected for another
three months. The participants independently determined
the urgency levels without consulting with other medical
staff, both before and after the intervention.

Research period

The pre-intervention period was from November 2023
to January 2024, and the post-intervention period was from
March to May 2024. The analysis focused on triage during
the nine pre-intervention days and 12 post-intervention days
when one of the two triage nurses and one emergency physi-
cian were actively participating in the triage process. A total
of 140 emergency patients pre-intervention and 129 post-
intervention visited the hospital specifically during these
periods of the study.

Emergency department situation

The study was conducted at an emergency medical facil-
ity in Japan that handles both emergency transport and
walk-in patients on evenings and holidays. The study was
conducted in a region with a population of approximately
210,000, where the number of emergency transports in 2023
was 10,129 cases per year. The study facility employs a
total of 24 ED nurses, with an average of two nurses on
duty during nighttime and holiday shifts responsible for
triage and patient management. Medical examinations are
conducted by on-call physicians from internal medicine
and surgery departments. The annual number of emergency
outpatient visits is 6,437, including 2,304 transported by
ambulance, and 2,327 hospital admissions originate from
the ED. As a secondary emergency facility hospital, the
facility plays a central role in the region’s emergency medi-
cal services.

This study has been done in only hospital with its own
approach to triage.

Outcomes

The primary outcome of this study was the inter-rater
agreement between the triage nurse and emergency physi-
cian on the urgency of patients visiting the ED, measured
using the weighted kappa coefficient before and after
the intervention. Secondary outcomes included the rates
of under-triage (UT) and over-triage (OT) and the time
from triage initiation to physician assessment (examination
response time) and from patient check-in to discharge
(ED length of stay). As the evidence for UT and OT, all
triage decisions made during the research period were ret-
rospectively reviewed and finalized by a panel of three
experts: two individuals certified as ESI providers (one
emergency nursing expert and one triage educator) and one
emergency physician.

Statistical methods

Descriptive statistics were calculated for basic informa-
tion such as chief complaints, number of patient visits,
examination response time, and ED length of stay. Dif-
ferences between groups were compared using the Mann-
Whitney U test (significance level: p < 0.05). In addition
to significance testing, effect sizes (), which represent the
standardized group difference unaffected by sample size,
were also calculated. The effect sizes were classified as » >
0.10 (small effect), » > 0.30 (medium effect), and » > 0.50
(large effect) [9].

Inter-rater agreement was assessed using weighted
kappa (k) coefficients to account for the ordering of cate-
gories and provide a measure of reliability beyond chance.
Kappa values were interpreted as follows, based on previous
literature: 0.81-1.00 Almost perfect; 0.61-0.80 Substantial;
0.41-0.60 Moderate; 0.21-0.40 Fair; 0.00-0.20 Slight; and
less than 0.00 No agreement.

Next, OT and UT rates were calculated and compared
before and after the intervention using odds ratios (ORs).
Data were analyzed using IBM SPSS Statistics ver. 27.0.0.

Sample size

The sample size of 150 was calculated based on previ-
ous studies to ensure the minimum number of triage case
required, with a significance level of 5 %, power of 80 %,
and a non-inferiority margin of 0.2 or higher.

RESULTS

Participants

The study was conducted in the ED of a hospital that
receives emergency patients during nights and holidays.
Two nurses who regularly perform triage and one emer-
gency physician, all of whom met the inclusion criteria and
provided consent, participated in the study (Table 1).

The number of patient visits including transported
patients by ambulance (in the parenthesis) during the study
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Table 1 Overview of study participants
Triage Nurse A Triage Nurse B Physician

Age 48 36 55

Years of experience in the profession 19 13 19

Years of experience in emergency department 9 2 19

Years of experience in triage 0.5 2 0.5

Experience using triage tools none none none

period number was 140 (20) before the intervention and Table2  Cohen’s Kappa coefficient of the inter-rater

129 (18) after (p = 0.94). Of them, the number of triaged
cases was 75 (15) before and 80 (16) after the intervention
(p = 1.00). In terms of triage severity, there were 0 (0 %)
cases at Level 1, 10 (13.3 %) at Level 2 (3 admitted and 7
discharged; hospital admission rate: 30.0 %), 24 (32.0 %) at
Level 3 (11 admitted and 13 discharged; hospital admission
rate: 45.8 %), 39 (52.0 %) at Level 4 (3 admitted and 36
discharged; hospital admission rate: 7.7 %), and 2 (2.7 %)
at Level 5 (0 admitted and 2 discharged; hospital admission
rate: 0.0 %) before the intervention. After the intervention,
there were 3 (3.7 %) cases at Level 1 (3 admitted and O dis-
charged; hospital admission rate: 100.0 %), 18 (22.5 %) at
Level 2 (7 admitted and 11 discharged; hospital admission
rate: 63.6 %), 25 (31.3 %) at Level 3 (12 admitted and 13
discharged; hospital admission rate: 48.0 %), 22 (27.5 %) at
Level 4 (0 admitted and 22 discharged; hospital admission
rate: 0.0 %), and 12 (15.0 %) at Level 5 (0 admitted and
12 discharged; hospital admission rate: 0.0 %). Given the
clear severity of Level 1 cases, they were excluded from
the analysis.

Chief complaints included altered consciousness (9
cases pre-intervention, 4 post-intervention), gastrointestinal
symptoms (12 pre, 12 post), respiratory and circulatory
symptoms (42 pre, 45 post), orthopedic symptoms (8 pre,
6 post), and minor symptoms such as dermatological or
ophthalmological issues (4 pre, 10 post).

Interrater agreement

The total number of triaged cases analyzed was 75
before and 77 after the intervention. The overall inter-rater
agreement between the emergency physician and nurse
was x (95 % CI) = 0.35 (0.23-0.46, Fair) pre-intervention
and 0.66 (0.48-0.83, Substantial) post-intervention, show-
ing higher agreement after the ESI educational intervention
(Table 2).

Regarding severity-specific inter-rater agreement, for
Level 2, k¥ was 0.12 (0.13-0.32, Slight) pre-intervention
and 0.54 (0.23-0.67, Moderate) post-intervention. For Level
3, k was 0.26 (0.16-0.29, Fair) pre-intervention and 0.87
(0.59-1.03, Almost perfect) post-intervention. For Level
4, k was 0.24 (0.17-0.26, Fair) pre-intervention and 0.87
(0.60—1.04, Almost perfect) post-intervention. For Level 5,

agreement between physician and triage
nurses before and after intervention

inteivention Cohen’s « catego
(95 % CI) gory
Before (n=75)  0.35(0.23-0.46) Fair
After (n=77) 0.66 (0.48-0.83) Substantial

Note. 95 % CI =95 % Confidence Interval.

x was 0.05 (=0.10-0.12, Slight) pre-intervention and 0.86
(0.61-1.05, Almost perfect) post-intervention. All severity
levels showed higher inter-rater agreement after the inter-
vention (Table 3).

Under-triage and over-triage

The UT rate was 75.6 % (59 cases) pre-intervention
and 11.5 % (9 cases) post-intervention. The OT rate was
2.7 % (2 cases) pre-intervention and 9.0 % (7 cases) post-
intervention. When comparing pre-intervention and post-
intervention rates using ORs, the OR (95 % CI) for UT was
0.34 (0.14-0.83; p < 0.01, » = 0.68), showing a significant
reduction and large effect size for UT after the ESI interven-
tion.

OT increased post-intervention, with an ORs of 3.50
(0.70-17.40; p = 0.17, r = 0.13), but the difference was not
significant, with a small effect size.

Examination response time and length of stay

The median (IQR) examination response time was 10.0
(5.0-20.0) minutes pre-intervention and 12.0 (7.0-32.0)
minutes post-intervention, with no significant difference
between groups and a small effect size (p = 0.46, » = 0.04).
The ED length of stay was 50.0 (25.0-78.0) minutes pre-
intervention and 52.0 (31.0-77.0) minutes post-intervention,
again with no significant difference and a small effect size
(»=0.80,7=0.01).

DISCUSSION

This study evaluated the effects of implementing the
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Table 3 Fleiss’s ¥ comparison of the inter-rater agreement between physician and triage nurses
before and after intervention
Before (n =75) After (n=77)

Rating Category x (95 % CI) Category x (95 % CI) Category
2 0.12 (0.13, 0.32) Slight 0.54 (0.23, 0.67) Moderate
3 0.26 (0.16, 0.29) Fair 0.87 (0.59, 1.03) Almost perfect
4 0.24 (0.17, 0.26) Fair 0.87 (0.60, 1.24) Almost perfect
5 0.05 (=0.10, 0.12) Slight 0.86 (0.61, 1.05) Almost perfect

Note. 95 % CI =95 % Confidence Interval.

ESI, an international five-level triage system, in an ED
where triage tools had not previously been introduced.
By comparing triage decision accuracy between the pre-
intervention and post-intervention phases, the inter-rater
agreement between emergency physician and triage nurses
was assessed.

The overall inter-rater agreement between emergency
physician and triage nurses was ¥ = 0.35 pre-intervention
and x = 0.66 post-intervention, showing improved agree-
ment after the intervention. Previous meta-analyses of 260
cases using the ESI reported an overall inter-rater agreement
of © = 0.79, which is consistent with the post-intervention
results of the present study [10]. Another study of ESI use
in a tertiary emergency center reported inter-rater agreement
between triage nurses and physician of x = 0.60 [11]. These
results suggest that ESI use in Japan can achieve high
inter-rater agreement, comparable to that of other countries
already using the ESIL.

Next, when examining agreement by severity level,
high levels of agreement were observed at all levels post-
intervention. Level 2 showed significantly higher agree-
ment post-intervention. This criterion is often the most
critical and difficult to assess [12]. Levels 3 to 5, however,
showed nearly perfect agreement. These demonstrate indi-
cating that triage nurses could accurately predict the level
of medical resources a patient would require based on the
ESI’s methodology, which factors in the number of medical
resources likely to be used [12].

UT rates decreased significantly after the intervention,
with a high effect size, further supporting the reliability
of the ESI for accurate triage decisions. Though OT rates
increased, there was no significant difference, and the effect
size was small. Previous studies reported UT rates of 12.2
% [13], indicating that the post-intervention results of this
study were comparable to international benchmarks. One
possible factor contributing to the reduction in UT is that
the ESI system enables decisions to be made not solely
based on individual clinical experience but rather using a
standardized algorithm and the number of required medical
resources. This approach likely helped prevent the inappro-

priate assignment of actual emergency patients to lower
urgency levels, thereby contributing to a decrease in UT.

The time metrics, such as examination response time
and ED length of stay, showed no significant differences
between the pre-intervention and post-intervention periods,
suggesting that ESI implementation did not add to the time
burden of triage. This aligns with the ESI manual, which
emphasizes that the tool is designed to enhance reliability
and validity without increasing time delays [11].

Limitations

This study used a pre-post intervention design, and the
possibility cannot be ruled out that participants’ decisions
and behaviors after the intervention were influenced by
learning effects based on their prior clinical experience.
Furthermore, since this study was conducted in a single
facility and included only patients seen in the ED, its gener-
alizability is limited. Biases may have arisen due to individ-
ual triage abilities and differences in patient demographics.
In addition, the inability to fully match patient chief com-
plaints before and after the intervention and seasonal factors
may have affected the results. This study collected data
from an actual emergency department; therefore, not all
triage cases for emergency patients were captured, which
may have influenced the triage outcomes and the results
regarding emergency department length of stay. The small
number of Level 1 cases also limits the ability to generalize
the results to the most critical patients. Future studies should
replicate this research in different facilities to further vali-
date the accuracy of triage tools.

Conclusions

This study compared the effects of implementing the
ESI in a Japanese ED before and after an educational
intervention. The results showed improved inter-rater agree-
ment in all categories post-intervention. This suggests that
ESI allows for more accurate triage decisions and could
contribute to the dissemination of a reliable and valid five-
level triage tool, meeting the increasing demand for accurate
triage in the ED.
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