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ABSTRACT
Objectives To examine the effectiveness of a five-level
Paediatric Triage and Acuity System (Ped-TTAS) by
comparing the reliability of patient prioritisation and
resource utilisation with the four-level Paediatric Taiwan
Triage System (Ped-TTS) among non-trauma paediatric
patients in the emergency department (ED).
Methods The study design used was a retrospective
longitudinal analysis based on medical chart review and a
computer database. Except for a shorter list of
complaints and some abnormal vital sign criteria
modifications, the structure and triage process for
applying Ped-TTAS was similar to that of the Paediatric
Canadian Emergency Triage and Acuity Scale. Non-
trauma paediatric patients presenting to the ED were
triaged by well-trained triage nurses using the four-level
Ped-TTS in 2008 and five-level Ped-TTAS in 2010.
Hospitalisation rates and medical resource utilisation
were analysed by acuity levels between the contrasting
study groups.
Results There was a significant difference in patient
prioritisation between the four-level Ped-TTS and five-level
Ped-TTAS. Improved differentiation was observed with the
five-level Ped-TTAS in predicting hospitalisation rates and
medical costs.
Conclusions The five-level Ped-TTAS is better able to
discriminate paediatric patients by triage acuity in the ED
and is also more precise in predicting resource utilisation.
The introduction of a more accurate acuity and triage
system for use in paediatric emergency care should
provide greater patient safety and more timely utilisation
of appropriate ED resources.

INTRODUCTION
Paediatric emergency departments (EDs) frequently
become congested with non-urgent patients, result-
ing in patients with high acuity conditions (such as
altered consciousness, respiratory distress or
haemodynamic compromise) experiencing delays in
receiving appropriate management. The goal of
paediatric ED triage is to prioritise patients rapidly
and accurately based on acuity so that any critical
medical needs can be met in a timely manner.
Effective triage ensures that all ED patients are
managed safely and assessed accurately according
to their presenting condition.
In Taiwan the Department of Health and

National Health Insurance (NHI) first mandated
the use of the Taiwan Paediatric Triage System
(Ped-TTS) in 1998. The Ped-TTS is a four-level
triage system that classifies patients according to
their vital signs and chief complaints/conditions.

There are 32 chief complaints and 18 vital sign
values. The four-level Ped-TTS does not include
trauma complaints or other common presentations
such as ophthalmic, otorhinolaryngological or
dental complaints, nor does it include a pain scale.
No validity studies were undertaken to evaluate
the efficacy of Ped-TTS.
With the growing demand for the use of paedi-

atric EDs, an accurate paediatric triage scale is
needed to support the provision of quality care
being pursued by the specialty of Paediatric
Emergency Medicine. Studies have also raised
issues concerning the validity and reliability of
paediatric triage in general.1–6 This may be related
to inadequate triage training or insufficient stand-
ardisation of triage processes.7 Two review articles
have suggested that the use of a valid and reliable
five-level triage system can improve ED opera-
tions.8 9 Furthermore, less structured triage
systems are considered inadequate because they do
not provide sufficient discrimination to stratify
patients appropriately by acuity in high volume
and overcrowded EDs.8

To address this, a new five-level Paediatric Triage
and Acuity System (Ped-TTAS) was developed in
parallel with the establishment of the five-level
adult TTAS system by the TTAS National Working
Group (NWG) in Taiwan.10 11 These were adapted
from the adult and paediatric Canadian Triage and
Acuity Scales.12 13 The new Ped-TTAS criteria and
chief complaint list was developed by an
11-member emergency medicine expert panel
(seven members from the Taiwan Society of
Emergency Medicine and four from the Taiwan
Association of Critical Care Nurses) that formed
the TTAS NWG, using the Paediatric Canadian
Emergency Triage and Acuity Scale (Paed-CTAS)
and a literature review. Guidelines were adapted
and modified by consensus whenever required to
be pertinent to ED conditions in Taiwan. The
content validity index for approved Ped-TTAS
changes was between 0.8 and 1.0.
The Ped-TTAS retains most of the features of

the Paed-CTAS but includes some major modifica-
tions. The Ped-TTAS has shorter reassessment time
intervals for acuity levels 1, 2, 3, 4 and 5 (0, 10, 30,
60 and 120 min, respectively) and classifies chief
complaints into two categories (non-trauma and
trauma). The non-trauma category is similar to
the Paed-CTAS and includes12 categories with 74
chief complaints. The chief complaints in the
trauma category are grouped by anatomical region
and include15 categories with 47 chief complaints.
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Patients meeting explicit threshold levels for haemodynamic
instability (appendix A) are considered as acuity level 1 in the
Ped-TTAS. Pain scale revisions include the deletion of chronic
pain to accommodate cultural expectations in Taiwan. A com-
parison between the two Taiwan triage systems is shown in
table 1. An electronic clinical decision Ped-TTAS support tool
(ePed-TTAS) was introduced during implementation to assist
triage nurses to accurately apply the paediatric triage in
Taiwan. The evaluation of the two triage systems is important
as crowding in the ED continues to impose a heavy burden on
emergency care providers in Taiwan.

The purpose of this study was to examine the effectiveness
of the five-level Ped-TTAS by comparing its reliability in patient
prioritisation and resource utilisation with the previous four-
level Ped-TTS in non-trauma paediatric ED patients.

MATERIALS AND METHODS
Data collection
This is a retrospective study using an administrative database
from the hospital information system in the largest
university-affiliated medical centre in Taiwan. The Ped-TTS was
applied to ED patients from 1998 until 2009 (the transition
year). Ped-TTAS was formally implemented in January 2010.
The 2009 data were not used due to contamination related to
changeover preparation and triage nurse training prior to imple-
menting the new triage system. To account for this, the com-
parison of the two triage systems was made between the 2008
and 2010 data. Only data from non-trauma paediatric patients
(aged <18 years) were used because the four-level triage system
did not include trauma complaints or discriminator criteria for
trauma patient triage level assignment.

Patient demographics, chief complaints, clinical outcomes
and medical resource utilisation were extracted from the ED for
validity analyses. The clinical outcomes included: discharged
from ED, admission to a general ward, admission to paediatric
intensive care unit and death. Medical resource utilisation was
defined as medical costs incurred in the ED including nurse and
physician fees, cost of medications and diagnostics, and
medical materials.

We used a computerised version of the Ped-TTAS
(ePed-TTAS), which was designed to assist triage nurses in
decision-making at the point of care. The ePed-TTAS applica-
tion was developed in strict compliance with the Ped-TTAS
standards and provided the nurse with rapid access to the stan-
dardised complaints list. Content validity of the Ped-TTAS and
ePed-TTAS was assessed and was shown to be comparable.
After entry of the vital signs, the system automatically
prompted the nurse to assign the appropriate triage level if the
vital signs were abnormal or provided any other complaint-
specific modifiers for patients with normal vital signs.

Statistical analysis
Data are summarised using descriptive statistics where numer-
ical variables are presented as medians and IQR and categorical
variables are expressed as frequency and percentage. The triage
level of the two systems was treated as the independent vari-
able. Hospitalisation rates and ED medical costs were analysed
according to acuity levels. Multiple regression models adjusting
for age, gender and chief complaint were used to compare dif-
ferences and trends regarding hospitalisation (multiple logistic
regression) and ED medical costs (multiple linear regression)
among levels of triage and acuity. Log transformation was per-
formed on ED medical costs before multiple linear regression
analysis. All data were analysed using SAS V.9.12 (SAS, Cary,
North Carolina, USA). A p value of < 0.05 was considered stat-
istically significant.

RESULTS
Demographics
A total of 85 536 non-trauma paediatric emergency visits were
identified during the study period; 662 cases (0.77%) were
excluded due to incomplete information (351 from 2008 and
311 from 2010), leaving a total of 84 874 patient records for
inclusion in the analysis. Of these, 42 346 patients treated in
2008 were triaged using the four-level Ped-TTS and 42 528
patients presenting in 2010 were triaged using the five-level
Ped-TTAS.

The comparative characteristics of the two study groups are
shown in table 2. There were no age or gender differences
between the 2008 and 2010 paediatric presentations to the ED.
Presentation volumes were the same by shift across both study
periods and the overall admission rates were almost identical
(22.91% in 2008 and 22.06% in 2010) and the median ED length
of stay was 84 min (IQR 38–192) and 85 min (IQR 38–178),
respectively. The median ED cost was found to have increased
from 1552 NT dollars (IQR 1171–2945) to 1627 NT dollars
(IQR 1210–3031) over the two study periods (p<0.001). The
distribution of the top 15 chief complaints was highly consist-
ent across the study periods (table 2).

Comparative effectiveness of the two triage systems
Distribution of acuity
The distribution by acuity level for each triage system is shown
in table 2. There were 28.14% and 20.91% triaged as levels 1
and 2, respectively, using the four-level Ped-TTS compared with
13.94% and 9.40% using the five-level Ped-TTAS, with nearly
half of the patients (49.71%) assigned acuity level 3.

Admission rate
Using the four-level Ped-TTS, admission rates were 26.09% for
level 1, 28.77% for level 2, 20.09% for level 3 and 14.63% for
level 4. Using the five-level Ped-TTAS, admission rates were
27.83%, 36.39%, 21.86%, 15.56% and 8.94%, respectively, for

Table 1 Comparison of the characteristics of the four-level Paediatric
Taiwan Triage System and the five-level Paediatric Triage and Acuity
System

Criteria Four-level Ped-TTS Five-level Ped-TTAS

Time to triage
assessment

Not specified 10 min

Time to physician
assessment

Immediate/10 min/30 min/
none

Not specified

Time to nurse
reassessment

Not specified Immediate/10/30/60/120 min

Triage decision
criteria

Either vital signs or chief
complaints

Complaints-based with first/
second-order modifiers used

Chief complaints
list

4 categories (32 chief
complaints); ophthalmic,
ENT and dental complaints
not included

12 categories (74 chief
complaints); ophthalmic, ENT
and dental complaints included

Pain scale Severe and non-severe 10-point Likert scale
Injury mechanism None Yes
Implementation
guidelines

Not specified Specified

Education
implementation
material

None Computer decision support
system and structured
educational material
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triage levels 1, 2, 3, 4 and 5. The ORs with 95% CIs are shown
in table 3. The linear trend between decreasing acuity (from
levels 1 to 4 or levels 1 to 5) and admission rate was calculated
as 0.85 (95% CI 0.83 to 0.87) and 0.78 (95% CI 0.77 to 0.80)
for the four-level Ped-TTS and five-level Ped-TTAS, respectively.
A statistically significant difference was observed, showing a
higher strength of association between a lower admission rate
and lower acuity using the five-level Ped-TTAS after adjusting
for age, gender and chief complaint using multiple logistic
regression models (table 3).

Medical expenses
A similar linear trend for decreasing medical costs with decreasing
triage acuity was seen for both systems. The linear trend was

calculated as −0.15 (95% CI −0.15 to −0.14) for the four-level
Ped-TTS and −0.17 (95% CI −0.18 to −0.17) for the five-level
Ped-TTAS. A statistically significant difference was observed based
on the decreasing ED medical costs using both triage systems, but
a higher strength of association was found with the five-level
Ped-TTAS after adjusting for age, gender and chief complaint
using multiple linear regression models (table 3).

DISCUSSION
The CTAS was developed in the late 1990s by the Canadian
Association of Emergency Physicians and National Emergency
Nurses’ Affiliation.14 In 2001 the Paediatric CTAS was first pub-
lished15 and then revised in 2008,12 designed to support pro-
gramming into a Clinical Information System, allowing triage
to become more simplified and standardised for better reliabil-
ity. Studies have shown Paed-CTAS to have moderate to good
reliability and validity.9 16–20

The Ped-TTAS was developed from the Paed-CTAS, and our
study has shown that the five-level Ped-TTAS exhibits better
discrimination than the four-level Ped-TTS. The triage criteria
(modifiers) in the five-level Ped-TTAS are more consistent in
physiological and risk identifying clinical descriptors than those
found in the four-level Ped-TTS, which may explain why
nearly half the children were classified as having life-
threatening or emergency conditions (levels 1 and 2) with the
Ped-TTS compared with only 23.3% using the five-level
Ped-TTAS. The five-level Ped-TTAS was better able to discrimin-
ate between high, intermediate and low acuity patients and to
identify patients who were more seriously ill and needing
prompt treatment, thus improving patient safety. Being able to
assign an accurate triage acuity score reliably enables the predic-
tion of patient volumes stratified by presentation type and
severity. The five-level Ped-TTAS better supports the optimal
use of patient placement and nurse and physician utilisation to
deliver the most appropriate care to each patient group within
the constraints of available resources.

The validation of a triage system requires that it is consistent
with medical needs and also leads to a predictable outcome
including morbidity, mortality, resource utilisation and
cost.4 10 17 21 22 Our study demonstrated that triaging patients
with the five-level Ped-TTAS led to greater discrimination in
terms of measured outcomes such as total ED expenses and
admission rates than the four-level Ped-TTS. Using multiple
regression analysis, the five-level Ped-TTAS performed better
than the previous four-level Ped-TTS (table 3). Similar differen-
tiation between the two triage systems for adult patients in
the ED was well demonstrated in our previous study.11

The admission rate in this study was 22.1–22.9%, which is
higher than previously reported paediatric ED admission rates
of 3.0–17.0%.23–26 The higher admission rate in our study
might be due to the implementation of NHI which covers the
hospital cost.27 28

In previous studies examining the correlation between CTAS
acuity and admission rate, Ma et al reported hospitalisation rates
of 45%, 15%, 2.5% and 0% for CTAS levels 1–2, 3, 4 and 5,
respectively,29 while two other studies reported rates of 63–100%,
24–37%, 12–14%, 2–4% and 0–2% for levels 1–5, respectively.19 21

Comparing our study results with those of others,19 we note
that the percentage of patients in Ped-TTAS level 1 was more
closely associated with a relatively low admission rate, suggest-
ing that our patients were over-triaged. Upon further analysis,
we determined that the absolute vital sign values set for the
Ped-TTAS level 1 modifiers were over-sensitive. Other studies
have also reported that over-reliance on vital sign values

Table 2 Comparisons of patient demographics, triage acuity and ED
process data between the two study groups

Group 1* Group 2†
(N=42346) (N=42528)

Age in years, median (Q1, Q3) 3 (1, 6) 3 (2, 6)
Male patients, n (%) 24085 (56.88) 24232 (56.98)
Acuity distribution, n (%)
Level 1 11915 (28.14) 5929 (13.94)
Level 2 8856 (20.91) 3996 (9.40)
Level 3 16229 (38.32) 21141 (49.71)
Level 4 5346 (12.62) 9516 (22.38)
Level 5 1946 (4.58)

Shift distribution, n (%)
08 : 00–16 : 00 14128 (33.36) 13901 (32.69)
16 : 00–24 : 00 17471 (41.26) 17547 (41.26)
00 : 00–08 : 00 10747 (25.38) 11080 (26.05)

Final disposition, n (%)
Discharged from ED 32639 (77.08) 33146 (77.94)
Admitted to ward 9170 (21.65) 8789 (20.67)
Admitted to PICU 530 (1.25) 591 (1.39)
Expired 7 (0.02) 2 (0.00)

Medical resource utilisation
LOS in the ED (min), median (Q1, Q3) 84 (38, 192) 85 (38, 178)
ED costs (NT dollars), median (Q1, Q3) 1552 (1171, 2945) 1627 (1210, 3031)

Chief complains,‡ n (%)
Fever 19271 (45.51) 19187 (45.12)
Vomiting and/or nausea 3778 (8.92) 4038 (9.49)
Cough 3377 (7.97) 3702 (8.70)
Abdominal pain 3400 (8.03) 3387 (7.96)
Diarrhoea 1885 (4.45) 1660 (3.90)
Rash 1187 (2.80) 1281 (3.01)
Shortness of breath 990 (2.34) 1037 (2.44)
URTI complaints 459 (1.08) 759 (1.78)
Sore throat 679 (1.60) 731 (1.72)
Localised swelling/redness 545 (1.29) 522 (1.23)
Earache 582 (1.37) 480 (1.13)
Seizure 50 (1.30) 476 (1.12)
Headache 410 (0.97) 421 (0.99)
Inconsolable crying in infants 363 (0.86) 363 (0.85)
Foreign body 171 (0.40) 279 (0.66)
Others 4699 (11.10) 4205 (9.89)

*Patients treated in 2008.
†Patients treated in 2010.
‡The top 15 chief complaints were identified and arranged in descending order of
frequency from the 2010 patient presentations and the frequency was then
compared with the 2008 presentations.
ED, emergency department; LOS, length of stay; PICU, paediatric intensive care unit;
URTI, upper respiratory tract infection.
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identifies many patients who do not have serious condi-
tions.30 31 During the development of Ped-TTAS, the TTAS
NWG decided to remove all the vital sign values used in the
previous four-level system except for the level 1 vital sign
values, not wanting to miss potential life-threatening condi-
tions in patients who did not appear to be acutely ill. This is at
variance with the Paed-CTAS which provides nurses with
tables of age-based vital signs and then uses the number of SDs
from normal to support CTAS acuity selection.12 The TTAS
NWG mandated vital signs to be recorded on all paediatric
patients during their emergency visit. For patients identified as
acuity levels 1 or 2 based on the critical first appearance, vital
signs are measured during treatment. For patients assessed as
levels 3–5, vital signs are required as part of the triage process
to confirm their Ped-TTAS score in order to determine whether
it is safe for them to wait for treatment. Vital sign criteria were
established according to the following age groups: 0–3 months,
>3 months to 3 years and >3 years. A review of our study
groups showed that 84% of the Ped-TTAS level 1 patients were
aged 3 months to 6 years. Given the stressful and chaotic envir-
onment of the ED, we postulate that a number of patients ini-
tially identified as acuity levels 3–5 had abnormal vital signs
due to environmental or personal stress and were therefore
assigned a level 1 score, resulting in an over-triaged group of
patients. The present study used administrative data from the
hospital information system. We did not review each patient’s
individual vital sign data and subject them to analysis, but we
propose to do this as part of a future study.

There is no ‘reference standard’ measure of triage scale valid-
ity so, like other authors, we relied on a series of surrogate
markers.22 32 The relationship between patient acuity level and
outcome depends on surrogate outcome markers and the
impact of confounding factors such as patient type and com-
plexity, patient volumes, rate and surges of patient presentation
and efficiency of care provided.32 However, if triage acuity is
consistently applied, site-based year on year comparisons are
very helpful to look for changes of case mix changes, patient
safety, system and efficiencies, resource utilisation and patient
outcomes derived from acuity changes.

While Ped-TTS had been used since 2008, there has been no
standardised educational programme for nurses or an electronic
decision support tool. The implementation of the new triage
system Ped-TTAS, supported by an electronic decision support
tool, was successfully used in a series of educational training
initiatives. Prior to the formal implementation of the new
Ped-TTAS system, all triage nurses were required to attend a 2 h

education programme including 20 written triage scenarios as
part of the training. Furthermore, the hospital information
systems, ED charts and ED patient tracking systems were
updated to reflect the new triage scale. The complaint-orientated
triage structure adapted from CTAS facilitated the development
of a highly functional electronic clinical decision support system
assisting both education and triage at the point of care. Previous
research has shown that an electronic triage tool is easy to learn,
even by users unfamiliar with computers, and is readily accepted
by triage nurses.33

Limitations
This study has a number of limitations. (1) It is a single-site
retrospective study which may limit the generalisability. (2)
Although the intervention is unlikely to have an effect as this
is a retrospective study using an administrative database, the
fact that the comparisons involved a healthcare environment
that may have experienced other changes during the 2-year
period should be taken into consideration. (3) The study
cohorts did not include trauma cases because trauma triage cri-
teria were not well-defined in the previous four-level Ped-TTS,
so the results of this study are only applicable to non-trauma
paediatric ED patients.

Conclusions
The five-level Ped-TTAS has significantly better predictability
than the previous four-level Ped-TTS with regard to utilisation
of medical resources. It is anticipated that an efficient emer-
gency care system is required when medical resources are scarce
under prospective payment systems such as the global budget
system in Taiwan. However, triage tools are expected to have
high sensitivity in discriminating emergency conditions in
terms of risk management in paediatric care. It is important for
triage systems to balance both patient safety and system effi-
ciency. The cautious use of vital signs in different paediatric
age groups is a critical issue for future designs of paediatric
triage systems. Revisions of paediatric triage systems should
include specific chief complaints while considering factors
leading to over-triage as well as appropriate use of vital signs or
age factors.
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Table 3 Comparison of effectiveness between the two triage systems

Hospitalisation ER expenses (NT dollars)

Ped-TTS Ped-TTAS Ped-TTS Ped-TTAS

% OR* (95% CI) % OR* (95% CI) Median (Q1, Q3) β† (95% CI) Median (Q1, Q3) β† (95% CI)

Triage
1 26.09% 1.00 27.83% 1.00 1869 (1515, 3393) – 2295 (1894, 3819) –

2 28.77% 1.13 (1.06 to 1.20) 36.39% 1.37 (1.25 to 1.50) 1613 (1248, 3227) −0.12 (−0.13 to−0.10) 2573 (1601.5, 3801) −0.04 (−0.06 to −0.02)
3 20.09% 0.77 (0.72 to 0.82) 21.86% 0.77 (0.72 to 0.82) 1348 (1067, 2530) −0.29 (−0.30 to−0.27) 1510 (1227, 2936) −0.34 (−0.35 to −0.32)
4 14.63% 0.57 (0.52 to 0.63) 15.56% 0.55 (0.50 to 0.59) 1050 (895, 2208) −0.46 (−0.48 to −0.45) 1293 (1044, 2467) −0.50 (−0.52 to −0.48)
5 – – 8.94% 0.33 (0.27 to 0.39) – – 1055 (910, 1376) −0.72 (−0.75 to −0.70)

Trend 0.85 (0.83 to 0.87) 0.78 (0.77 to 0.80) −0.15 (−0.15 to −0.14) −0.17 (−0.18 to −0.17)

*Dependent variable: hospitalization (Y/N); performed with multiple logistic regression analysis adjusted by age, sex and chief complaints.
†Dependent variable: ln(ED expenses); performed with multiple linear regression analysis adjusted by age, sex and chief complaints.
ED, emergency department; Ped-TTS, Paediatric Taiwan Triage System; Ped-TTAS, Paediatric Triage and Acuity System.
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Appendix A. Explicit threshold levels for hemodynamic 

instability indicating acuity level 1 

     
Respiration         

 
Respiratory rate < 10 /min 

 

 
O2sat < 90% 

  
Circulation 

    

 
HR>200/min or < 100/min for age < 3M 

 
HR>180/min or < 80/min for age 3M-3Y 

 
HR>150/min or < 60/min for age >3Y 

 
SBP < 70 mmHg 

  
Body temperature 

   

 
BT> 41℃ 

   
  BT< 32℃       

 


